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[bookmark: _Toc406574918][bookmark: _Toc286669517][bookmark: _Toc135623897]
Introduction 
[bookmark: _Toc135623898][bookmark: _Toc286669518][bookmark: _Toc406574919]1.1 Purpose
[bookmark: _Toc286669519]Secondary payloads are cubesat class payloads with the potential to fly on the SLS on a non-interference, no harm basis. The Secondary Payload User’s Guide (SPUG) is provided for prospective Secondary Payload Customers to assess whether or not the Space Launch System (SLS) vehicle accommodations meet payload flight objectives.  The SPUG will also provide the Secondary Payload Customers a reference source of documentation deliverables and integration submittals required of them by the SLS Program.
[bookmark: _Toc406574920]1.2 Scope
[bookmark: _Toc135623899][bookmark: _Toc286669520]The SPUG is a generic, approved for public release document.  It outlines all accommodations, services, and integration guidelines and processes for SLS secondary payloads from early payload development to post-deployment.  
This version of the SPUG addresses the secondary payload accommodations and services inside the Multi-Purpose Crew Vehicle (MPCV) Stage Adapter (MSA).  Future versions of the SPUG will address additional accommodations and services as they become available. 
[bookmark: _Toc406574921]1.3 Change Authority
[bookmark: _Toc135623900][bookmark: _Toc286669521]The NASA Office of Primary Responsibility (OPR) identified for this document is NASA Marshall Space Flight Center (MSFC) ES13.  
Proposed changes to this document shall be submitted by an SLS Project Change Request (CR) to the Spacecraft/Payload Integration and Evolution (SPIE) Engineering Review Board (ERB) and the SPIE Element Control Board (ECB) for disposition. All such requests shall adhere to the SLS-PLAN-008, Configuration Management Plan for SLS Program/Project.
[bookmark: _Toc135623901][bookmark: _Toc286669522]



[bookmark: _Toc406574925]DOCUMENTS 
[bookmark: _Toc135623902][bookmark: _Toc286669523][bookmark: _Toc406574926]Applicable Documents
The following documents include specifications, models, standards, guidelines, handbooks, and other special publications. The documents listed in this paragraph are applicable to the extent specified herein. Unless otherwise stipulated, the most recently approved version of a listed document shall be used. In those situations where the most recently approved version is not to be used, the pertinent version is specified in this list.
	ANSI-Z-136.1
	American National Standard for Safe Use of Lasers

	GSFC-STD-7000A
	General Environmental Verification Standard (GEVS) for Goddard Space Flight Center Flight Programs and Projects

	JSC 20793, Rev C
	Crewed Space Vehicle Battery Safety Requirements

	KNPR 8715.3, Chapter 20
	NASA KSC Payload and Cargo Ground Safety Requirements

	MIL-STD-1576
	Electro-explosive Subsystem Safety Requirements and Test Methods for Space Systems

	MSFC-HDBK-527 / JSC 09604
	Materials Selection List for Space Hardware Systems

	NASA-STD-4003
	NASA Technical Electrical Bonding

	NASA-STD-5001
	Structural Design and Test Factors of Safety for Spaceflight Hardware

	NASA-STD-5019
	Fracture Control Requirements for Spaceflight Hardware

	NASA-STD-5020
	Requirements for Threaded Fastening in Systems in Spaceflight Hardware

	NASA-STD-6001
	Flammability, Odor, Off-gassing, and Compatibility Requirements and Test Procedures for Materials in Environments that Support Combustion

	NPR 8715.3C
	NASA General Safety Program Requirements

	SLS-MNL-202
	SLS Program Mission Planner’s Guide

	
	

	SLS-SPIE-RQMT-018
	Space Launch System (SLS) Secondary Payload Interface Definition Requirements Document (IDRD)

	SLS-PLAN-008
	Configuration Management Plan for SLS Program/Project

	SLS-PLAN-217
	Space Launch Systems Program (SLSP) Exploration Mission -1 (EM-1) Secondary Payload Safety Review Process

	SLS-RQMT-216
	Space Launch System Program (SLSP) Exploration Mission 1 (EM-1) Safety Requirements For Secondary Payload Hardware


[bookmark: _Toc135623903][bookmark: _Toc286669524][bookmark: _Toc406574927]Reference Documents
The following documents contain supplemental information to guide the user in the application of this document.
	ESD-10012
	Exploration System Development Concept of Operations

	GSDO-ACO-1010
	Ground System Development and Operations (GSDO) Program Architectures and Concept of Operations

	SLS-PLAN-020
	Space Launch Systems Program Concept of Operations

	SLS-SPIO-PLAN-009
	SPIO ISPE Concept of Operations

	
	

	
	

	
	


[bookmark: _Toc135623904][bookmark: _Toc286669525]

[bookmark: _Toc406574928]Secondary payload integration
[bookmark: _Toc406574929]Secondary Payload Service Provision
· The NASA Headquarters Exploration Systems Directorate (ESD) provided approval and direction for the SLS to accommodate Secondary Payloads. The SLS Program Office has chartered the SPIE Element with 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: _Toc406574930]Source Information
Figure 3-1 illustrates the source information pertinent to Secondary Payload Customers. The SPUG is the starting point and a source of initial planning for Customers interested in SLS.
[bookmark: _Toc406575624][image: ]Figure 3-1 Secondary Payload Integration Documentation
The SPUG is a summation of considerations needed to determine flight compatibility. Should review of the SPUG determine that the vehicle provisions and the payload are well suited, the Customers complete the SLS Payload Questionnaire in Appendix C. Answers to the Questionnaire specify the payload’s needs.  These inputs provide the initial data necessary to discuss and document payload unique requirements.  These requirements, along with roles and responsibilities, constraints, services, and resources are documented in a payload specific agreement called the Payload Integration Agreement (PIA). The PIA is jointly signed by MSFC/FP30 and the Secondary Payload Customer.  An example of the PIA may be found in Appendix D.  
[bookmark: _Toc406574931]Once a payload has an agreement with NASA and is manifested for flight, the Secondary Payload Interface Definition and Requirements Document (IDRD) will be provided. The IDRD is a generic, restricted document that contains all physical, functional, and safety requirements necessary to ensure interface, hardware, and software compatibility. The IDRD and agreements from the PIA serve as the foundation in the derivation of a tailored Secondary Payload-Specific ICD.  Secondary Payload Integration Coordination 
Once a secondary payload is selected and manifested for flight, a MSFC/FP30 Secondary Payload Integration Manager (SPIM) from the Exploration and Space Transportation Development Office (FP30) is assigned. The SPIM serves as the integration advocate, primary point-of-contact, and technical resource to the SPC for interface and coordination efforts as reflected in Figure 3-2. [image: ]  


The SPIM will guide, assist, and direct the SPC through the flight preparations process. They are the subject matter experts for payload integration and payload related vehicle matters.  They will manage the following process elements: documentation, requirements, verification, schedule, integration, operations, and certification.  In addition, they will provide coordination and collaboration between payloads and the SLS and Ground Systems Development and Operations (GSDO) Programs; they will provide payload representation in SLS forums when needed.  
As an example, the SPIM will be the resource for milestone schedules, product deliveries, and special services coordination. Figure 3-3 provides a high level notional summary of the secondary payload process and timeline shepherded by the SPIM.




[image: ]
[bookmark: _Toc406575626]Figure 3-3 Secondary Payload Integration Template

[bookmark: _Toc406574932]Space Launch Vehicle (SLS) Overview
[bookmark: _Toc406575627]The SLS will provide heavy-lift capability to enable human exploration and payload missions beyond low-Earth orbit (LEO).  The SLS vehicle will support missions with varying destinations from LEO to deep space.  SLS will be able to launch spacecraft and payloads into these orbits: high lunar orbit (for a lunar fly-by), low lunar orbit, and low Earth orbit, as well as to a Near Earth Asteroid (NEA), to Mars and to the solar system.  Figure 4-1 illustrates a number of mission possibilities for secondary payloads.  SLS will provide the necessary hardware, software and services to process, integrate, test and launch payloads.           [image: ]Figure 4-1 Mission Types for Secondary Payloads
The SLS vehicle includes the following multiple components: 
· Core Stage   
· Liquid Engines 
· Boosters 
· ISPE hardware 
· ICPS
· Adapters
· Future cargo payload fairings
· Secondary Payloads Deployment System (SPDS) 
[bookmark: _Toc406574933]SLS Configuration for EM-1
The first mission for SLS is the first Exploration Mission (EM-1). The EM-1 mission will comprise a SLS vehicle configuration of two expendable boosters and an expendable core stage, an un-crewed MPCV and unpowered secondary payloads in the MSA sitting atop the Interim Cyrogenic Propulsion Stage (ICPS). Based on the deployment sequence loaded pre-launch, the secondary payloads that are enclosed in their payload-provided deployers will be deployed from SLS via the SPDS. Upon deployment, the payloads will be activated, and communications with the secondary payloads will be established no earlier than 15 seconds post deployment. 
Figure 4-2 illustrates the SLS configuration planned for EM-1.The MSA, ICPS and SPDS will be described further in the following sections.






[image: ]













[bookmark: _Toc406575628]Figure 4-2 SLS Configuration for EM-1
[bookmark: _Toc333481438][bookmark: _Toc406574934]MSA
The MSA forms a common interface between the MPCV and the ICPS upper stage. A diaphragm, attached to the inside bottom of the MSA hardware, isolates the ICPS volume from the MPCV volume.
For the EM-1 mission, the MSA will accommodate secondary payloads and all support equipment consisting of brackets, cabling, a battery, and a deployment sequencer. The MSA will provide the payload structural interface.  The SLS Program is responsible for installing 12 bracket assemblies and the SPDS and its associated cable harnesses in the MSA.  The bracket assemblies will support up to 11 manifested secondary payloads with the twelfth bracket assembly supporting the deployment system sequencer and battery. 
[bookmark: _Toc406574935]ICPS
The ICPS is an in-space propulsion system that performs the LEO insertion, trans-lunar injection (TLI), and ICPS disposal maneuver. As the upper stage on SLS, the ICPS is integrated with the MPCV via the MSA which transitions the Outer Mold Line (OML) diameter of the ICPS to that of the MPCV.   
[bookmark: _Toc406574936]SPDS 
The SPDS manages the deployment of secondary payloads at designated points along the primary mission trajectory. The SPDS is comprised of an avionics box (sequencer and battery), a deployer, distributed cable harnesses, and ground support equipment.  The SLS Program provides the SPDS avionics, cables, and ground support equipment, and the Secondary Payload Customer provides the deployer. The SPDS flight avionics receives simple discretes from the ICPS to start its pre-coordinated, pre-loaded, and autonomous deployment sequence.  The SPDS avionics are responsible for the following functions: 
· SPDS electrical power system storage and distribution  
· Secondary payload deployment sequencing 
· Trickle charge of SPDS sequencer and payload batteries via ground services
The Secondary Payload Customer is responsible for providing the payload and the deployer that will interface with the SPDS. NASA will not provide the deployer for the secondary payloads; however, NASA will identify a standard deployer in which the Secondary Payload Customers can purchase.  Additionally, NASA will qualify the deployer making verification of the pre-qualified deployer easier for the Customer. If the pre-qualified deployer is incompatible or cannot accommodate the payload, then the Secondary Payload Customer must contact the SPIM and coordinate other deployer options.  For any deployer provided other than the NASA certified deployer, additional requirements must be met by the Secondary Payload Customer.  There will be two versions of the deployer, one handling 6U class payloads and one handling 12U class payloads.  
The SPDS and the integrated secondary payloads / deployers will ride in the SLS MSA as illustrated in Figure 4-3 below.  Integrated deployers are equally arranged around the MSA with up to 11 positions for secondary payloads and one position for the SPDS avionics box.
[bookmark: _Toc406575629][image: ]Figure 4-3 Integrated MSA Architecture
[bookmark: _Toc406574937][bookmark: _Toc333481444]Deployment Sequence for EM-1
The deployment window for a secondary payload will start after the ICPS disposal maneuver (approximately 4 to 5 hours after launch). Deployment opportunities continue until the SPDS battery is no longer able to support system power needs.  The SPDS battery is sized for a 10 day mission. All secondary payloads must be deployed prior to the expiration of the sequencer battery life. Secondary payloads needing co-deployment from different deployers will be restricted to a 5-second delay between deployer activation.
Figure 4-4 reflects the deployment sequence.








[bookmark: _Toc406575630][image: ]Figure 4-4 Deployment Sequence for EM-1

[bookmark: _Toc406574938]SLS Vehicle Evolvability
The SLS architecture is being developed using a block upgrade evolutionary approach. The SLS will be interchangeable within a block configuration with any spacecraft or payload type (e.g., Orion-MPCV, primary cargo payload, and/or secondary payloads). SLS will provide an initial payload mass lift capability to LEO of 70 metric tonnes, evolving through hardware upgrades to an increased capacity of 105 metric tonnes then ultimately 130 metric tonnes. 
[image: D:\Documents and Settings\wietlsl\Local Settings\Temporary Internet Files\Content.Outlook\E7BRS5GR\70 105 130t SLS Prog#185349.jpg]Figure 4-5 below illustrates the evolution proposed for the SLS vehicle from the initial configuration for EM-1 to the full heavy-lift capability vehicle configuration. For more information on the SLS vehicle evolvability plans, reference SLS-MNL-202, SLS Program Mission Planner’s Guide.   
[bookmark: _Toc406575631][bookmark: _Toc333481467][bookmark: _Toc202070908][bookmark: _Toc202866306][bookmark: _Toc286669528][bookmark: _Toc333481433]Figure 4-5 Initial and Evolved SLS Vehicle Configurations

[bookmark: _Toc406574939]Secondary Payload Interfaces
The primary interface for the secondary payload is to its deployer.  Many of the interfaces discussed in this section are to the integrated payload/deployer unit.  
Figure 5-1 illustrates the secondary interfaces within the MSA for EM-1.  The SPDS interfaces with the payload-provided deployer, MSA, ICPS and ground services for battery charging.  The MSA provides the structural interface for the integrated secondary payloads/deployer unit, SPDS sequencer/battery and system cable harness. With respect to electrical power within the MSA, the SPDS receives battery charging capability via a drag-on cable to an exterior accessed connector prior to roll-out to the launch pad, and the SPDS sequencer receives the “wake-up call” and deployment scenario selection signal from the ICPS.  Payload deployment will not occur until after the ICPS has completed its disposal maneuver. To comply with SLS Program requirements for functional failure tolerance, the SPDS design implements two identical independent discrete circuits to preclude inadvertent deployer activation as reflected in Figure 5-2.  
[image: ]There is currently no capability for battery charging to the secondary payloads. The last opportunity to charge payload batteries will be prior to hardware handover to KSC.
[bookmark: _Toc406575632]Figure 5-1 Secondary Payload Interfaces
[image: ]Figure 5-2 shows the interfaces of interest for secondary payload integration purposes. The numeric assignment for payload clocking within the MSA is based on looking down from MPCV/Orion. 
[bookmark: _Toc406575633]Figure 5-2 SDPS to Secondary Payload Interface Architecture

[bookmark: _Toc406574940]Secondary Payload to Deployer Interface
The primary interface for the secondary payload is to its deployer.  The deployer provides the secondary payload a means for SLS integration, protection during launch/ascent and deployment from the launch vehicle. The SPDS can accommodate either a 6U or 12U size deployer, and the secondary payload must be within allowed physical provisions for either a 6U or 12U deployer.  
Physical provisions include the dimensional orientation of the payload inside the deployer, maximum allowable dimensions, volume, and mass, and the center of gravity envelope.  Figure 5-3 depicts the payload dimensional orientation. Table 5-1 provides the dimensions, volume, and mass numbers for both 6U and 12U deployers.  Figure 5-4 provides the payload center of gravity within the deployer, and Table 5-2 provides the center of gravity envelope numbers for 6U and 12U deployers. 
Based on the maximum allowable payload mass for either a 6U or 12U deployer (Table 5-1), an ejection rate of 4.6±0.2 feet/sec (1.4±0.06 m/sec) is anticipated.
[bookmark: _Toc406575020]Table 5-1 Payload Maximum Dimensions
	Deployer
	A
	B
	C
	Volume
	Mass

	
	in
	mm
	in
	mm
	in
	mm
	in3
	mm3
	lbs
	kg

	6U
	 9.41
	239.00
	14.41
	366.00
	4.45
	113.00
	603.41
	9,884,562
	 30.86
	14.00

	12U
	9.41
	239.00
	14.41
	366.00
	8.90
	226.00
	1206.82
	19,769,124
	 44.73
	 20.29


[image: ]  
[bookmark: _Toc406575634]Figure 5-3 Payload Envelope Dimensional Depiction

[bookmark: _Toc406575021]Table 5-2 Payload Center of Gravity Envelope
	Parameters
	Units
	6U
	12U

	
	
	Min.
	Max.
	Min.
	Max.

	Center of Mass, X
	in.
(mm)
	-1.57
(-40)
	+1.57
(+40)
	-1.57
(-40)
	+1.57
(+40)

	Center of Mass Y
	in.
(mm)
	+0.39
(+10)
	+2.76
(+70)
	+2.17
(+55)
	+4.92
(+125)

	Center of Mass Z
	in.
(mm)
	+5.24
(+133)
	+9.17
(+233)
	+5.24
(+133)
	+9.17
(+233)



[image: ]
[bookmark: _Toc406575635]Figure 5-4 Payload C.G. Envelope within Deployer
[bookmark: _Toc406574942]Integrated Secondary Payload / Deployer Interfaces
The Exploration and Space Transportation Development Office (FP30) coordinates with the SLS Program to provide a range of standard secondary payload accommodations. Secondary payload accommodations provide the required interfaces for the payloads as requested in the Payload Questionnaire input from the Secondary Payload Customer and as agreed upon in the Payload Integration Agreement in Appendix D. 
Custom interfaces are not a standard practice for secondary payloads; however, the SPIM can facilitate dialogue with the SLS Program to discuss considerations for custom accommodations.  
Figure 5-5 reflects a notional schematic of standard interfaces to the integrated secondary payload / deployer unit. Each interface will be further discussed in the following sections.
[bookmark: _Toc406575636][image: ]Figure 5-5 Integrated Secondary Payload and Deployer Interfaces

[bookmark: _Toc333481468][bookmark: _Toc406574943]Mechanical 
The integrated secondary payload / deployer unit will interface with the MSA for structural support during launch and early flight phases. The SPDS will provide the cable connectors and wire types that interface the integrated deployer with the MSA wall bracket. The Secondary Payload Customer must ensure the deployer is designed appropriately to attach to the MSA wall bracket.  
[bookmark: _Toc406574944][bookmark: _Toc333481469]Physical
The integrated secondary payload / deployer unit must be within the allowed mass and center of gravity provisions within the MSA.  
For the EM-1 mission using the MSA, the mass allowance for the integrated secondary payload / deployer unit on the MSA wall bracket is 60 lbs (27.22 kg) for either a 6U or 12 deployer configurations. The 6U deployer mass is 10.78 lbs (4.89 kg) and the 12U deployer mass is 13.27 lbs (6.02 kg).  For the integrated payload and 6U deployer, there exists a mass margin of 16.36 lbs (7.42 kg). Mass margin provisions for vibration isolation, thermal protection, etc. are an option and must be discussed with the SPIM and should documented in the Secondary Payload-Specific ICD.  
The combined secondary payload / deployer unit center of gravity envelope within the MSA is reflected below in Table 5-3.
[bookmark: _Toc406575022]Table 5-3 Secondary Payload / Deployer Center of Gravity Envelope
	Parameters
	Units
	6U
	12U

	
	
	Min.
	Max.
	Min.
	Max.

	Center of Mass, X
	in.
(mm)
	-1.57
(-40)
	+1.57
(+40)
	-1.57
(-40)
	+1.57
(+40)

	Center of Mass Y
	in.
(mm)
	+0.39
(+10)
	+2.76
(+70)
	+2.17
(+55)
	+4.92
(+125)

	Center of Mass Z
	in.
(mm)
	+5.24
(+133)
	+9.17
(+233)
	+5.24
(+133)
	+9.17
(+233)


[bookmark: _Toc406574945]Ground Operations
[bookmark: _Toc333481471]Payload and deployer integration, testing, shipping to the launch site and any post-shipping testing are the responsibility of the Secondary Payload Customer.  Once the integrated unit has been handed over to KSC for vehicle integration, the Secondary Payload Customer will have no further access to the payload.
Specific ground operations processing for launch preparation will be discussed in more detail within Section 8.0.
[bookmark: _Toc406574946][bookmark: _Toc333481470]Electromagnetic Interference 
The secondary payloads are passive during integration with the SLS vehicle and during launch and ascent. The secondary payload will delay any signal transmission for 15 seconds after deployment. Therefore, no radiated RF emissions by the integrated secondary payload / deployer unit on the vehicle are expected. However, proper electrical bonding and grounding is required to meet performance, safety and Electromagnetic Compatibility (EMC) requirements. This is necessary to mitigate hazards associated with static charge build up/tribo-electrification. 
[bookmark: _Toc406574947]Structural 
The integrated secondary payload / deployer unit will contribute to the combined loads within the MSA.  These loads will be analyzed as part of flight/mission planning.   
[bookmark: _Toc406574948]Electrical
Nominally, all secondary payloads are passive during integration with the SLS vehicle and during launch and flight. Secondary payloads are typically self-activated based on separation switches that are triggered by payload deployment. For EM-1, secondary payloads will remain powered off from the time of hand-over for integration at the launch site (KSC) until post-deployment from the SLS vehicle. Secondary payloads are not allowed to be powered during any portion of ascent.
The SPDS sequencer functions as the electrical interface between the ICPS avionics and the integrated secondary payload / deployer unit for payload deployment. The SPDS sequencer is programmed prior to flight with the pre-determined sequence and timing for each secondary payload deployment. When the SPDS sequencer receives the signal from the ICPS, two identical independent power circuits are closed which initiates the secondary payload deployment sequence.  The payload is then powered upon deployment.   
[bookmark: _Toc406574949]Interface Restrictions
[bookmark: _Toc406574950]Thermal
Nominally, all secondary payloads are passive during integration with the SLS vehicle and during launch and flight. Consequently, the secondary payload integrated with the deployer inside the MSA is not expected to radiate heat or contribute to the thermal loading for the SLS vehicle. The thermal environments the integrated unit will experience will be discussed within Section 7.0.  
[bookmark: _Toc406574951]Fluids
No interface for secondary payloads fluid, gas and/or propellant fill, drain or sampling services is anticipated. 
[bookmark: _Toc406574952]Flight Software
[bookmark: _Toc333481453]No interface for secondary payloads flight software update and/or mission trajectory services is anticipated. 


[bookmark: _Toc406574953]secondary payload design considerations
Due to the unique and rigorous attributes of spaceflight, careful consideration must be given to design, dimensioning and safety. Careful planning is required to develop a payload that can thrive in the space environment, as well as tolerate the pre-flight processing and certification.  Areas of consideration include: safety, materials, structures, batteries, pyrotechnics, and operations.  Detailed safety requirements can be found in SLS-RQMT-216, Exploration Mission (EM-1) Safety Requirements for Secondary Payload Hardware,
The following sections provide a description of each area along with top-level data.  Should flight selection occur, then the Secondary Payload Customer is required to design the payload in compliance with SLS Program secondary payload safety requirements. Compliance is either through design for failure tolerance or through design for minimum risk as reflected in Figure 6-1.  When a requirement cannot be met, a Noncompliance Report (NCR) must be submitted in accordance with the EM-1 Payload Safety Review Panel (PSRP) process for resolution.[image: ][bookmark: _Toc406575637]Figure 6-1 Safety Compliance


[bookmark: _Toc406574955]Structures
Primary structure sustains the significant applied loads and provides main load paths for distributing reactions to applied loads such as pressure and thermal loads. 
The structural design of the secondary payload and the payload-provided deployer must provide ultimate factors of safety (FOS) equal to or greater than 1.4. 
Design and testing of a primary structure must be in accordance with NASA-STD-5001, Structural Design and Test Factors of Safety for Spaceflight Hardware. 
Any structure failure that can result in a hazard must be designed to NASA-STD-5019, Fracture Control Requirements for Spaceflight Hardware.
[bookmark: _Toc406574956]Payload primary structure fasteners must be in accordance with NASA-STD-5020, Requirements for Threaded Fastening in Systems in Spaceflight Hardware. Materials (Gases, Fluids, and Biologicals)
Secondary Payload Customers must consider the effects of exposure to natural environments such that material selection properties do not degrade after a minimum exposure time.  A materials list with acceptability ratings is available electronically in the NASA MSFC Materials and Processes Technical Information System (MAPTIS) and is published periodically as a joint JSC/MSFC document, MSFC-HDBK-527/JSC 09604. For materials with no prior NASA rating, the Secondary Payload Customer must present other test results for SLS Program approval.  
A secondary payload containing either gas or fluid must show containment or prove that no damage occurs due to over-pressurization or fluid contact. Pressurized systems designed for minimum leakage risk do not require additional analysis. 
Hazardous materials, including gas, fluids, and biological materials must be contained. Toxic or hazardous chemicals or materials must have failure tolerant containment appropriate with the hazard level or be contained in an approved pressure system.
Containment will be provided by an approved pressure vessel or the use of two or three redundantly sealed containers, depending on the toxicological hazard for a chemical with a vapor at any positive pressure. Any biological material to be flown on a secondary payload will be designated as biosafety level 1 and must be reviewed and approved by the EM-1 PSRP.  
The use of flammable materials is discouraged. Determination of flammability is in accordance with NASA-STD-6001, Flammability, Odor, Off-gassing, and Compatibility Requirements and Test Procedures for Materials in Environments that Support Combustion.
[bookmark: _Toc406574957]Radioactive Sources
Any radioactive materials flown aboard SLS must be reported to the SLS Program in accordance with Section 6.4 of NPR 8715.3C, NASA General Safety Program Requirements and to the EM-1 PSRP.  Major radioactive sources require approval by the Interagency Nuclear Safety Review Panel through the NASA coordinator for the panel.  Radioactive materials must comply with appropriate license requirements at KSC.
[bookmark: _Toc406574958]Electrical 
Secondary payload electrical power distribution circuitry must employ circuit protection devices to guard against circuit damage normally associated with an electrical fault. 
Batteries must be designed to control hazards per JSC 20793 Rev C, Crewed Space Vehicle Battery Safety Requirements. 
Since Secondary Payload Customers will be restricted from having access to their payloads from the time of handover at KSC to deployment in space, a period of four months or longer, provisions are being made to provide battery charging.  The payload battery charging could take place approximately one month prior to launch.  
Secondary Payload Customers wishing to charge the payload batteries in the VAB prior to launch must meet conditions such as incorporating: 
· lithium-ion rechargeable smart batteries (type 18650) with protection built in 
· a diode within the circuitry to prevent reverse polarity and to reduce power bleed-off when not being charged  
· a thermistor for monitoring battery temperatures during charging 
· a standardized system wiring separation connector pin-out interface to the deployer

Details of these conditions will be specified with in the SLS Secondary Payload IDRD. The battery charging circuit will also need to be separate from the rest of the secondary payload circuitry so that the payload does not need to be active while charging occurs. Should a payload not need charging prior to launch then the above design considerations do not need to be evaluated by the Secondary Payload Customer.
The design of secondary payloads must also ensure no electrical ignition source due to payload electronics or electrostatic discharge during ascent.  To accomplish this, the secondary payloads will be powered off during launch and ascent as well as conductive surfaces will be electrostatically bonded in accordance with NASA-STD-4003, NASA Technical Electrical Bonding. Payload electrical circuits must be hardened against the environment or insensitive devices (i.e., relays) must be added to control hazards of electromagnetic fields due to a lightning strike.
[bookmark: _Toc406574959]Lasers
A list of all lasers and their proposed use must be provided to EM-1 PSRP for review and approval. Lasers will be designed and operated in accordance with ANSI-Z-136.1, American National Standard for Safe Use of Lasers.
[bookmark: _Toc406574960]Radiated Emissions
Electronic emissions from secondary payloads are controlled by requiring the secondary payload to remain powered off until deployment. The secondary payload can transmit a signal no earlier than 15 seconds after deploying. The secondary payload must also demonstrate that the payload is not susceptible to the electronic emission environment and will not result in inadvertent operation of payload functions. To prevent radiated RF emissions on the vehicle, the secondary payload must have one RF inhibit for power output that is less than 1.5W and two RF inhibits for power output equal to or greater than 1.5W.
[bookmark: _Toc406574962]Pressurized Components
A pressure vessel is defined as a component of a pressurized system designed primarily as a container that stores pressurized fluids. The pressure vessel contains stored energy of 14,240 foot-pounds (19,310 joules or 0.01 pounds trinitrotoluene (TNT) equivalent) or greater based on adiabatic expansion of a perfect gas or it will experience a design limit pressure greater than 100 psia, or the vessel contains a fluid in excess of 15 psia which will create a hazard if released. 
The maximum design pressure (MDP) for a pressurized system is the highest pressure defined by maximum relief pressure, maximum regulator pressure or maximum temperature. Design factors of safety will apply to MDP.  Pressurized lines, fittings, and components must have an ultimate FOS as defined in Table 6-1. 
 
	[bookmark: _Ref393441536][bookmark: _Toc394566916][bookmark: _Toc406575023]Table 6‑1 Factors of Safety (FOS) for Design of Pressure Systems

	FOS for Pressure

	1.	Design factors for windows, glass and ceramic structures
	Proof1
	Ultimate

	Glass and Ceramics
	2.0 x MDP
	3.0 x MDP

	2.	Pressurized Systems
	Proof1
	Ultimate

	a.	Lines and fittings less than 1.5 inches diameter (outside diameter (OD))
	2.0 x MDP
	4.0 x MDP

	b.	Lines and fittings, 1.5 inches diameter (OD) or greater
	1.5 x MDP
	2.5 x MDP

	c.	Reservoirs/Pressure vessels
	1.5 x MDP
	2.0 x MDP

	d.	Other components and their internal parts which are exposed to system pressure
	1.5 x MDP
	2.5 x MDP

	e.	Flex hoses, all diameters
	2.0 x MDP
	4.0 x MDP

	(1)	Proof Factor determined from fracture mechanics service life analysis must be used if greater than minimum factor.


When burst discs are used as the second and final control of pressure (i.e., two controls total), the design must be designed to incorporate a reversing membrane against a cutting edge to insure rupture, employ no sliding parts or surfaces subject to friction and/or galling, and utilize stress corrosion resistant materials must for all parts under continuous load.
Secondary payload sealed containers must be designed to withstand the maximum pressure differential created by SLS ascent which is 15.2 psia for items exposed directly to vacuum. Vented containers will size vent flow areas such that structural integrity is maintained with a minimum FOS of 1.4 for a depress rate of 0.15 psi/sec (9 psi/min).
[bookmark: _Toc406574963]Pyrotechnics 
Pyrotechnic subsystem and devices must meet the design and test requirements of MIL-STD-1576, Electro-explosive Subsystem Safety Requirements and Test Methods for Space Systems. As part of ground hazard analysis, all pyrotechnics will be assessed against KNPR 8715.3 Chapter 20, NASA KSC Payload and Cargo Ground Safety Requirements and will meet the criteria for Class B ordnance.
[bookmark: _Toc406574964]Ground Hazards
Secondary payloads must be designed such that any required access to hardware during ground operations can be accomplished with minimum risk to personnel.
As part of secondary payload design, the Secondary Payload Customers can refer to the KNPR 8715.3 Chapter 20, NASA KSC Payload and Cargo Ground Safety Requirements for specific requirements to be addressed as part of ground processing at KSC under GSDO.
Secondary payloads must be designed to maintain fault tolerance or safety margins consistent with the hazard potential without ground crew intervention, in the event of sudden loss or temporary interruption of provided services.
Accidental contact with sharp surfaces or protrusions during ground handling should be prevented by either payload design or the use of protective devices.  Sharp surfaces or protrusions include edges, crevices, points, burrs, wire ends, screw heads, corners, brackets, rivets, braided cable, cable swages, cable strands, clamps, pins, latches, lap joints, bolt ends, lock nuts, etc., which if contacted, could injure ground personnel.
[bookmark: _Toc406574965][bookmark: _Toc333481456]Secondary Payload Coordinate System
<TBD-001>
[bookmark: _Toc406574966]Secondary Payload Static Envelope
The entirety of each secondary payload will be contained inside its deployer. The secondary payload static envelope is the maximum allowable static dimensions of the payload relative to its surroundings. For this version of the SPUG, the static envelope has been reflected a couple of ways: 1) the secondary payload relative to the deployer interface (see Section 5.1) and 2) the integrated secondary payload / deployer unit relative to the MSA interface (see Section 5.2.2). The payload static envelopes are derived using allowances for relative deflections between the deployer and the secondary payload and the MSA and integrated secondary payload / deployer unit, respectively. It is recognized that the secondary payload will deflect outside the static envelope during flight events. If payload dimensions are maintained within these envelopes, there is a high probability there will be no contact of the secondary payload with the surroundings. The payload static envelope is to be used for preliminary payload design. 
[bookmark: _Toc406574967][bookmark: _Toc333481464]Propulsion Systems
Any propulsion system flown aboard SLS must be reported to the SLS Program in accordance with Section 3.11 of NPR 8715.3C, NASA General Safety Program Requirements. .
[bookmark: _Toc406574968]Storage and Handling 
Secondary payload design must be compatible with storage of up to six months under launch site environments while awaiting integration into the vehicle. Storage temperatures can range from 65-85F. Other environmental conditions are discussed in the following sections.  
Secondary payload design must also be compatible with operations that place the payload in horizontal as well as vertical attitudes during ground handling and integration. Access to the secondary payload will not be allowed following integration into the MSA.


[bookmark: _Toc406574969]Environments on secondary Payload 
During launch preparation and flight, the secondary payload is exposed to a variety of mechanical, thermal and electromagnetic environments. This section provides details of the predicted environmental conditions that the secondary payload will experience and must withstand during SLS ground operations, checkout, prelaunch, ascent, and in-space (pre-deployment  operations.  
The environments contained in this SPUG are provided for initial planning purposes only. Environments presented here bound typical expected environments, and are not to be used in place of mission specific analyses. Mission specific environments will be documented in the SLS-SPIE-RQMT-018, Secondary Payload IDRD and referenced in Secondary Payload-Specific ICD(s) for the mission.  
[bookmark: _Toc406574970][bookmark: _Toc333481465]Natural Environments
[bookmark: _Toc406574971]Prelaunch Environments
Table 7-1 provides natural prelaunch environments conditions.  
[bookmark: _Toc406575024]EM-1 secondary payloads should be aware that they will be subjected to prelaunch pad conditions for up to a period one to two months. Table 7-1 Natural Prelaunch Environmental Conditions
	Operational Phase
	Ground Interface Name
	GSDO Baseline
	Media
	Mass Flow Rate
	Max Back Pressure @ Max Flow Rate
(psig)
	Temperature 
(°F)
	Maximum Humidity Ratio
(gr/lb DA)
	Maximum Hydrocarbons
(ppm)
	Airborne Particle Specification
	Comments

	Integrated and Stacked
	ICPS/FWD (MSA)
	Y
	Conditioned Air
	12 
	0.7
	65 - 85
	37
	15
	ISO 14644-1, Class 8
	 

	Rollout
	ICPS/FWD (MSA)
	N
	---
	---
	---
	---
	---
	---
	---
	No ECS during Rollout required for Block 1 MPCV configuration.  

	On the Launch Pad
	ICPS/FWD (MSA)
	Y
	Conditioned Air
	12 
	0.7
	65-85
	37
	15
	ISO 14644-1, Class 8
	 

	
	
	Y
	Gaseous Nitrogen
	14
	0.8
	65-150
	1
	
	
	


[bookmark: _Toc406574973]Humidity, Cleanliness, and Thermal Control
The thermal environment during preparation in the KSC launch facilities is controlled by temperature, relative humidity, cleanliness and contamination. The GSDO Program has standard services that control these thermal environment parameters.  If unique cleanliness requirements are required, the SPIM will facilitate necessary discussions on a case-by-case basis.
[bookmark: _Toc406574975][bookmark: _Toc333481466]Launch and In-Space Environments
[bookmark: _Toc406574977]In-Space
  
Thermal 
SLS is responsible for providing Secondary Payload Customers environment information up to the point where the secondary payload leaves the shadow of the ICPS.  Secondary payloads can experience a wide range of temperatures in the natural in-space environment. Depending on the post deployment orientation and location of the secondary payload, one side may be exposed to the sun while the other is exposed to deep space. Proximity to the Earth or the Moon can expose the payload to reflected sunlight (albedo) and emitted infrared radiation from those bodies.  All of these have to be taken into account along with the payload thermal design and thermal/optical properties of the surface materials in order to calculate temperatures for the hardware.  With typical cubesat spacecraft, the payload could experience surface temperatures ranging from 200F <TBR-001> with direct Sun on one side to -143F <TBR-001> with deep space on the other side. The thermal environment prior to deployment will be defined in the SLS Secondary Payload IDRD and in the Secondary Payload-Specific ICD(s).  
Ionizing Radiation 
Ionizing radiation total dose effects degrades performance of electronics and materials, which can affect electronics.  Total dose can accumulate when unpowered. Figure 7-1 shows the best range of anticipated radiation environments.



[bookmark: _Toc406575638][image: ]Figure 7-1 Van Allen Belt Radiation Mapping

[bookmark: _Toc406574978]Induced Environments
Secondary Payload Customers may reference the GSFC-STD-7000A, General Environmental Verification Standard (GEVS) for simulated prelaunch and launch conditions.  These are not the final conditions of the SLS vehicle and up to a 30% margin may need to be added to some conditions.  Since SLS is a new vehicle, still evolving, exact conditions are not available to the general public.  Once a payload has been selected and manifested, a SPIM is assigned to the payload and will make available to the Secondary Payload Customers the SLS induced environmental conditions as they are determined and documented in the SLS Secondary Payload IDRD and in the Secondary Payload-Specific ICD for a mission.  The GEVS information is a ballpark representative of SLS conditions providing payload developers with a starting point when preparing their concepts. 
[bookmark: _Toc333481447][bookmark: _Toc333481476]

[bookmark: _Toc406574980]secondary payload Integration
The typical secondary payload integration process encompasses the entire cycle of SLS vehicle and payload integration activities and spans a two to six month baseline.  
The primary goal of the secondary payload integration process is to assemble secondary payloads on the SLS vehicle in a way that optimizes the functional objectives of the mission while also effectively utilizing the physical and functional resources offered by the SLS Program.   
Secondary payload integration (as with primary cargo payload integration) is accomplished in two major phases: analytical integration and physical integration. 
As the direct interface to the Secondary Payload Customer for payload integration, the SPIM coordinates across programs to provide the Customer a "one-stop" service. The SPIM focuses on secondary payload interfaces, flight manifesting, and analytical and physical integration services. The SPIM also coordinates technical support, as necessary, for the SDPS hardware development, production, testing, and integration. 
Mission planning and integration process for secondary payloads will begin at <TBR-002> months prior to launch.
[bookmark: _Toc406574981]Analytical Integration
The analytical integration phase is the planning and preparation, including secondary payload design, analysis and development of the payload hardware.  
For the analytical integration, a series of analyses will be coordinated by the SPIM and the SLS Program in preparation for a specific launch in order to ensure that the launch vehicle will perform the mission within expected parameters and to understand the envelopes of the expected launch environments. 
[bookmark: _Toc406574982]Analytical Documentation
Documentation will be required from Secondary Payload Customers in a timely fashion, as listed in Table 8-1. These documents represent the general types of necessary communication between the Secondary Payload Customers, the SPIM, the Orion Program, the SLS Program, the GSDO Program, and various support agencies associated with the launch. The SPIM is the single point-of-contact (POC) to the Secondary Payload Customer for the mission-specific documentation. 
Table 8-1 lists the documentation that Secondary Payload Customers are required to prepare or assist with preparations.  For instance, documents listed with the responsibility denotation of "Payload-Provided" are ones where the Secondary Payload Customer leads the document development and submittal directly to the SPIM.  Documents listed with the responsibility denotation of "Payload-Assisted" are ones where the Secondary Payload Customer makes an input to the document development, but the SPIM retains primary responsibility of the data product. 
[bookmark: _Toc406575025]Table 8-1 Required Analytical Documentation 
	DOCUMENTS
	RESPONSIBILITY
	TIMEFRAME

	Payload Questionnaire
	Payload-Provided
	At manifesting

	Payload Integration Agreement 
	Payload-Assisted
	At manifesting

	Payload Concept of Operations (ConOps)
	Payload-Provided
	2 months post-manifesting

	Secondary Payload-Specific Interface Control Document (ICD)
	Payload-Assisted
	2 months post-manifesting

	Mass Properties & C.G. Report
	Payload-Provided
	At major reviews (MCR/SRR/PDR/CDR/FRR)

	Risk Assessment Report
	Payload-Provided
	At major reviews (MCR/SRR/PDR/CDR/FRR)

	Various Review Presentation
	Payload-Provided
	At major reviews (MCR/SRR/PDR/CDR/FRR)

	Materials Identification & Usage Lists (MIUL) and Material Usage Agreement (MUA)
	Payload-Provided
	At major reviews & part of verification pack

	Top Assembly Drawing	
	Payload-Provided
	At major reviews & part of verification pack

	Drawing Package 
· Safety Circuits
· Deployed Configuration
· Grounding Diagram
· Other Safety Related Items 
	
Payload-Provided
	
At major reviews & part of verification pack

	Engineering Analysis
· Thermal Analysis
· Venting Analysis
· Radio Frequency Analysis
· Structural Analysis
· Electrical & Bonding   Analysis
· Propulsion Analysis
· Any Unique Payload Analysis
· Pressure Vessel Analysis
	Payload-Provided
	At major reviews & part of verification pack

	Deviation & Waivers
	Payload-Provided
	At major reviews & part of verification pack

	Payload Test Plan
	Payload-Provided
	Prior to CDR

	Safety Data Package
	Payload-Assisted
	At Phase II & III reviews

	Radio Frequency (RF) Application
	Payload-Assisted
	After CDR

	Test Reports
· Vibration testing
· Off-gassing testing
· EMI/EMC testing
· Acoustic testing (optional)
· Shock testing (optional)
	Payload-Provided
	Prior to hardware turnover

	Verification Compliance
	Payload-Provided
	Prior to hardware turnover

	Cleanliness Certifications
	Payload Provided
	At hardware turnover

	Post Flight Report
	Payload-Provided
	3 months after mission complete




[bookmark: _Toc406574983]Ground and launch operations <FWD-001>
SLS ground and launch operations are conducted at KSC. Ground and launch operations include SLS vehicle processing and checkout, payload integration with the SLS vehicle, subsequent transportation of integrated stack to the launch pad, final vehicle integration activities and launch.
SLS and GSDO Program launch operations are designed for minimal complexity and time at the pad. Integration of the secondary payloads with the SLS vehicle takes place in the Vehicle Assembly Building (VAB) prior to transport to the launch pad. Once integrated, the launch vehicle is moved to the pad and readied for launch. To protect the secondary payload during launch site activities (i.e., SLS vehicle integration, launch, and up to the deployment point in the mission), all secondary payloads will remain inserted in their deployers. Secondary payloads are not allowed to be powered following handover to KSC for integration into the MSA and prior to receiving the activation signal from the SPDS during in-space operations.
For secondary payloads during the ground processing / pre-launch phase, the Exploration and Space Transportation Development Office (FP30) is currently expecting Secondary Payload Customers to deliver an integrated payload/deployer unit to KSC.  After handover to KSC, Secondary Payload Customers, via the DD 1149 form, will have no further physical access to their payloads. Any payload “servicing/preparations” desired at KSC prior to handover will be discussed on a case-by-case basis and will require a specific unique agreement.  
The flow of ground, launch, and mission activities the integrated unit will experience is illustrated in Figure 9-1.  
[image: ][bookmark: _Toc406575639]Figure 9-1 Ground, Launch, and Mission Flow
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[bookmark: _Toc406574984]KSC Facilities
Brief descriptions of the SLS launch infrastructure at KSC and expectations of the Secondary Payload Customer, per KSC facility, will be provided in this section.
The Secondary Payload Customer is responsible for delivery of the integrated secondary payload / deployer unit to KSC and physical inspection of the secondary payload and deployer at the launch site. Secondary payloads will be accepted at KSC up to four months prior to launch, at which time they will be inspected and readied for integration with the MSA. Receiving inspection includes review of shipping documentation associated with the specific payload and special documentation is required if the secondary payload contains or involves hazardous materials.
[bookmark: _Toc333481479][bookmark: _Toc406574985]Processing Facility 
Secondary Payload Customers will submit an integrated secondary payload / deployer unit identification placard prior to, or in conjunction with, the integrated unit handover to KSC. Placard information will aid in identifying deployer contents for proper MSA installation and for KSC storage while awaiting launch vehicle integration. 
[bookmark: _Toc406574986][bookmark: _Toc333481481]Vehicle Assembly Building (VAB) 
The GSDO Program will install the combined payload / deployer units into the MSA and then mate the integrated MSA with the MPCV.  Secondary Payload Customers will have no access to the secondary payloads. The GSDO will then stack the MPCV/MSA onto the ICPS and a SLS vehicle assembly checkout will be performed. A mission sequence skit for secondary payload deployment will be loaded, and the SPDS and secondary payload batteries will receive a trickle charge prior to SLS vehicle closeout in preparation for rollout to the Launch Pad.  
For EM-1, stay time in the VAB could be one to two months.
[bookmark: _Toc333481482][bookmark: _Toc406574987]Launch Pad
The typical launch pad stay time is no greater than a month; however, for EM-1 and reflected in Figure 9-1, there are two planned transports of the integrated vehicle to the launch pad where the secondary payloads will be exposed to up to two months. Table 7-1 earlier identified the natural environments exposure for payloads while at the pad. The two planned transports to the launch pad are one rollout as a dry-run, and the other rollout is for launch readiness.  

[bookmark: _Toc333481500]

[bookmark: _Toc406574988]SAFETY <FWD-002>
The safety review process <TBR-003> for secondary payload integration is currently being developed. Details will be documented in SLS-PLAN-217, SLS EM-1 Secondary Payload Safety Review Process with a summary of the process provided in this User’s Guide.  Until the process is completely defined, the following information is a general discussion of safety as it relates to secondary payloads.
The EM-1 Payload Safety Review Panel (PSRP) and the Ground Safety Review Panel (GSRP) have been assigned the responsibility for conducting safety reviews for secondary payloads.  The EM-1 PSRP will review payloads for safety for all phases of flight operations and on-orbit operations.  The GSRP will review payloads for safety for pre-launch operations. 
The SPIM will interface with the SLS Program on behalf of the Secondary Payload Customer to review the payload for adequate safety implementation and assure that interaction among multiple secondary payloads, and between payloads and the SLS, do not create a hazard.
The implementation of safety criteria by the Secondary Payload Customer will be assessed by the EM-1 PSRP during the safety review process and must be consistent with hazard potential.  The EM-1 PSRP assessment of safety compliance will include a complete review of the safety assessment reports and may include audits and safety inspections of flight hardware.  The detailed interpretations of the safety requirements will be by the EM-1 PSRP and the SLS Program, and will be determined on a case-by-case basis consistent with the payload’s hazard potential.
The remaining section discusses the safety regulations and requirements that govern a payload to be launched on a SLS vehicle from KSC. Regulations and instructions that apply to payload design and processing procedures are included.
All spacecraft are required to submit safety documentation containing detailed information on all hazardous systems and any associated operations. The SPIM will assist the Customer in determining which range safety requirements pertain to the secondary payload systems, and can also assist in completing required documentation. Hazardous systems typically include toxic or hazardous materials, high-power or laser systems, ordnance operations, high-pressure fluids or gasses, or any other system that may present a hazard to human health or safety. All hazardous operations will require procedures that are approved by both the SLS and GSDO Programs prior to execution. 
For systems or operations that do not meet safety requirements but rationale exists for acceptable risk during ground operations and launch, a waiver will be produced for approval by the SLS and GSDO Programs.  Waivers require considerable coordination and should not be considered as a standard practice. The SPIM will assist the Secondary Payload Customer in determining whether an issue should be elevated to require a waiver as the integration proceeds.
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APPENDIX A
ACRONYMS AND ABBREVIATIONS 
[bookmark: _Toc406575009]AND GLOSSORY OF TERMS

A1.0  ACRONYMS AND ABBREVIATIONS 
	&
	and

	~
	approximately

	@
	at

	6U
	A 6 unit or 6U configuration deployer (or dispenser) with dimensions of 10x20x30 cm

	12U 
	A 12 unit configuration deployer (or dispenser) with dimensions of 20x20x30 cm

	ACS
	Attitude Control System

	AL
	Aluminum

	BBQ
	Bar-B-Que (also see glossary)

	BEO
	Beyond Earth  Orbit

	BSL-1
	Biosafety Level 1

	CDC
	Centers for Disease Control and Prevention

	CDR
	Critical Design Review

	CE
	Change Evaluator

	CG
	Center of Gravity

	CoFR
	Certification of Flight Readiness

	ConOps
	Concept of Operations

	CR
	Change Request

	DD
	Department of Defense (also see glossary)

	Delta V
	Delta Velocity

	DRM
	Design Reference Mission

	DRO
	Distant Retrograde Orbit

	DSN
	Deep Space Network

	ECB
	Element Control Board

	ECS
	Environmental Control System

	EM-1
	First SLS Exploration Mission

	EMC
	Electromagnetic Compatibility

	EMI
	Electromagnetic Interference

	ERB
	Engineering Review Board

	ESD
	Exploration Systems Directorate

	F
	Fahrenheit

	FOS
	Factor of Safety

	FP30
	Exploration and Space Transportation Development Office 

	FPPO
	Flight Programs and Partnerships Office

	FRR
	Flight Readiness Review

	ft
	Foot

	FWD
	Forward

	g / gr
	Gram(s)

	GEVS
	General Environmental Verification Standard for GSFC Flight Programs and Projects

	GN2
	Gaseous Nitrogen

	GSDO
	Ground Systems Development and Operations

	GSE
	Ground Support Equipment

	GSFC
	Goddard Space Flight Center

	GSRP
	Ground Safety Review Panel 

	H
	Height

	HDBK
	Handbook

	Hz
	Hertz

	ICD
	Interface Control Document

	ICPS
	Interim Cryogenic Propulsion System

	IDRD
	Interface Definitions and Requirements Document

	IE
	Interface Engineer

	I/F
	Interface

	in
	Inch(es)

	ISO
	International Organization for Standardization

	ISPE
	Integrated Spacecraft and Payload Element

	JSC
	Johnson Space Center

	KeV
	Kilo Electron Volt(s)

	kg
	Kilogram(s)

	KNPR
	KSC NASA Procedural Requirements

	KSC
	Kennedy Space Center

	L
	Length

	LAS
	Launch Abort System

	lbs
	Pounds

	LEO
	Low Earth Orbit

	LH2
	Liquid Hydrogen

	Li-ion
	Lithium Ion

	LVSA
	Launch Vehicle Stage Adapter

	m
	Meter(s)

	MAPTIS
	Materials and Processes Technical Information System 

	Max
	Maximum

	MCR
	Mission Concept Review

	MDP
	Maximum Design Pressure

	MeV
	Mega Electron Volt(s)

	Min
	Minimum or Minute(s)

	MIUL
	Materials Identification and Usage List

	MLI
	Multi-Layer Insulation

	mm
	Millimeter(s)

	MPCV
	Multi-Purpose Crew Vehicle

	MSA
	MPCV Stage Adapter

	MSFC
	Marshall Space Flight Center

	MUA
	Material Usage Agreement

	N2
	Nitrogen

	NASA
	National Aeronautics and Space Administration

	NCR
	Noncompliance Report

	NEA
	Near Earth Asteroid

	Ni-CAD
	Nickel Cadmium 

	NIH
	National Institute of Health

	NPR
	NASA Procedural Requirements

	OD
	Outside Diameter

	OML
	Outer Mold Line

	OPR
	Office of Primary Responsibility

	PDR
	Preliminary Design Review

	PI
	Principal Investigator

	PIA
	Payload Integration Agreement

	ppm
	Part Per Million

	PM
	Project Manager

	POC
	Point of Contact

	psi 
	Pounds Per Square Inch (static pressure)

	psia
	Pounds Per Square Inch Absolute (or Ambient)

	psig
	Pounds Per Square Inch Gauge

	PSRP
	Payload Safety Review Panel 

	rads
	Radiation [absorbed] Dosage

	RF
	Radio Frequency

	SCC
	Stress Corrosion Cracking

	sec
	Second(s)

	SLS
	Space Launch System

	SLSP 
	Space Launch System Program

	SPDS
	Secondary Payload Deployment System

	SPIE
	Spacecraft/Payload Integration and Evolution

	SPIM
	Secondary Payload Integration Manager

	SPIO
	Spacecraft and Payload Integration Office

	SPUG
	Secondary Payload User’s Guide

	SRR
	System Requirements Review

	STD
	Standard

	TBD
	To Be Determined

	TBR
	To Be Resolved

	TIM
	Technical Interchange Meeting

	TLI
	Trans-Lunar Injection

	TNT
	Trinitrotoluene

	T-
	Take-off minus

	T-O
	Take Off

	V
	Velocity or Volts

	V-dc
	Volts Direct Current

	VAB
	Vehicle Assembly Building

	W
	Watt(s) or Width 

	w/
	with




A2.0  GLOSSARY OF TERMS
	TERM
	DESCRIPTION

	BBQ roll
	A popular method of placing a satellite or spacecraft in a roll called the Bar-B-Que (BBQ) roll to evenly distribute the temperature difference and protect spacecraft equipment and crew from environmental effects.

	Catastrophic Hazard
	A hazard which can result in the potential for:  a disabling or fatal personnel injury; or loss of the SLS, SLS primary mission, ground facilities, or SLS equipment. A catastrophic hazard must be controlled by a minimum of three independent inhibits.

	Control
	A control is a device or function that operates an inhibit.

	Critical Hazard
	A hazard which can result in damage to SLS equipment, a non-disabling personnel injury, or the use of unscheduled safing procedures that affect operations of the SLS or another payload. A critical hazard must be controlled by two independent inhibits, whenever the hazard potential exists.

	DD1149
	The Department of Defense (DD) 1149 form is used for invoice, requisition, and shipping of materials

	Element (within the SLS Program)
	The SLS Program Office consists of multiple 
Element Offices that develop, manage, and execute portions of the launch vehicle.  The SLS Elements consist of the Stages, Engines, Boosters, Spacecraft/Payload Integration and Evolution, and Ground Operations Liaison.

	Failure Tolerance
	The number of failures that can occur in a system or subsystem without the occurrence of a hazard.  Single failure tolerance would require a minimum of two failures for the hazard to occur.  Two-failure tolerance would require a minimum of three failures for a hazard to occur.

	Flight
	The sequence of events that takes place between liftoff and landing of a transportation vehicle

	Hazardous Event
	Hazardous events are defined as operational events (e.g., motor firings, appendage deployments, stage separations, and active thermal control) whose inadvertent operations or loss may result in a hazard.

	Inhibit
	An inhibit is a design feature that provides a physical interruption between an energy source and a function (a relay or transistor between a battery and a pyrotechnic initiator, a latch valve in the plumbing line between a propellant tank and a thruster, etc.). Two or more inhibits are independent if no single credible failure or event can eliminate more than one inhibit.

	MIUL
	Materials Identification and Usage List that lists all materials and identifies any flammability or off-gassing issues

	MUA
	Material Usage Agreement that provides justifications to use materials that do not have good ratings or if the materials are unknown

	Monitor
	Monitors are used to ascertain the safe status of functions, devices, inhibits and parameters.


[bookmark: _Toc406575010]
APPENDIX B
OPEN WORK
All resolved TBDs, TBRs, and forward work items should be listed on the Change Request (CR) the next time the document is updated and submitted for formal review, and that will serve as the formal change record through the configuration management system.
B1.0	to be determined 
[bookmark: _Toc90726806][bookmark: _Toc90726953][bookmark: _Toc90727517][bookmark: _Toc92017500][bookmark: _Toc126654752][bookmark: _Toc127181687][bookmark: _Toc165700709]Table B1-1 lists the specific To Be Determined (TBD) items in the document that are not yet known. The [TBD] is inserted as a placeholder wherever the required data is needed and is formatted in bold type within carets. The [TBD] item is sequentially numbered as applicable (i.e., <TBD-001> is the first undetermined item assigned in the document). As each [TBD] is resolved, the updated text is inserted in each place that the [TBD] appears in the document and the item is removed from this table. As new [TBD] items are assigned, they will be added to this list in accordance with the above described numbering scheme. Original [TBD]s will not be renumbered.
Table B1-1. To Be Determined Items
	TBD
	Section
	Description

	TBD-001
	6-10
	Secondary payload coordinate system input from MSA design representatives requested

	TBD-002
	Appendix C
	Determine the appropriate value for the vibration level to be documented in the Payload Questionnaire.




B2.0	to be resolved
[bookmark: _Toc90726807][bookmark: _Toc90726954][bookmark: _Toc90727518][bookmark: _Toc92017501][bookmark: _Toc126654753][bookmark: _Toc127181688][bookmark: _Toc165700710]Table B2-1 lists the specific To Be Resolved (TBR) issues in the document that are not yet known. The [TBR] is inserted as a placeholder wherever the required data is needed and is formatted in bold type within carets. The [TBR] issue is sequentially numbered as applicable (i.e., <TBR-001> is the first unresolved issue assigned in the document). As each [TBR] is resolved, the updated text is inserted in each place that the [TBR] appears in the document and the issue is removed from this table. As new [TBR] issues are assigned, they will be added to this list in accordance with the above described numbering scheme. Original [TBR]s will not be renumbered.
Table B2-1. To Be Resolved Issues
	TBR
	Section
	Description

	
	
	

	
	
	

	TBR-001
	7.1.2.1.1
	SLS thermal analysis over 10 day deployment window planned to better understand the thermal range that payloads could encounter

	TBR-002
	8.0
	Details of the mission planning and integration process are currently being defined

	TBR-003
	10.0
	Definition of the EM-1 Safety Review Process is in work



B3.0	Forward Work
Table B3-1 lists the specific forward work items identified during this document’s Change Request (CR) review and evaluation. Each item is given a sequential number using a similar format to that for the [TBD]s and [TBR]s. For each item, include the section number(s) of this document that the open work will impact, and in the Description include the specific number of the comment from the Change Evaluation (CE), i.e., CE-10, CE-27. Do not include a placeholder for forward work items in the body of the document; list them only in Table B3-1. 
Note: If there are no forward work items, do not include this subsection in your document.
Table B3-1. Forward Work
	FWD
	Section
	Description

	FWD-001
	9.0
	CE-107 and CE-108

	FWD-002
	10.0
	CE-109

	FWD-003
	Appendix C
	CE-22





[bookmark: _Toc333481510][bookmark: _Toc406575011]APPENDIX C
SLS Payload Questionnaire <FWD-003>
This SLS Payload Questionnaire is designed to provide the initial definition of payload requirements, interface details, launch site facilities, and preliminary safety data to NASA SLS Program. The Secondary Payload Customer shall provide a response to the SLS Payload Questionnaire form in this Appendix in time to support the mission planning and integration. The customer’s responses to the SLS Payload Questionnaire define the most current payload requirements and interfaces and are instrumental in SLS’s preparation of numerous documents including the ICD, Preliminary Mission Analysis, and launch range documentation. Additional pertinent information, as well as preliminary payload drawings, should also be included with the response. SLS Secondary Payload Integration understands that a definitive response to some questions may not be feasible. These items are defined during the normal mission integration process.

	PAYLOAD INFORMATION

	General Information Explanation
	Payload Customer Input:

	Use payload full name & acronym in parentheses.
	Payload Name & (Acronym):

	Name of the organization sponsoring the payload.  This may be an international partner or a NASA research integration office or other.
	Sponsoring Organization:

	Need contact name for future payload resource questions.
	Principal Investigator (PI):                                                                                                                                                         Project Manager (PM):                                                                                                                                                          Interface Engineer (IE):

	Contact e-mail address and phone number, including area code.
	E-mail Address:                                                                                                                                                                                Phone Number:

	Contact address to include street, city, state, & zip code.
	Mailing Address: Payload Classification/Category: 

	Can be Astronomy, Astrophysics, Exploration, or other.  Please denote as manned or unmanned.
	Payload Classification/Category:

	Briefly describe the payload in its deployed and stowed formation.  Include brief listing of key subsystems.
	Payload Description (general):

	Briefly describe the objective/operation of the payload.
	Mission Description:

	List any foreign partnership/participation.
	List:

	Is any part of the payload or data proprietary?  Explain.
	Yes or No:

	Name of person who completes the questionnaire, if different from PI.
	Applicant:

	Date questionnaire is completed.
	Date:



	PAYLOAD PHYSICAL PARAMETERS (STOWED)

	Resource
	Definition
	Units
	Payload Needs

	L x W x H
	Length and Width (or diameter) and over all Height, in its stowed configuration. (to one decimal place)
	in. x in. x in.
	

	Weight
	Weight of stowed configuration including any propellants and expendables. (to one decimal place) 
	lbm
	

	Center of Gravity
	Estimate the stowed payload center of gravity with the reference plane starting at the base of the payload. Coordinates of X, Y, & Z with X being along the centerline of the vehicle. (to on decimal place)
	X = in.                                              Y = in.                                                            Z = in.
	

	Cube Class
	3U, 6U, 12U, larger, or different class
	xU
	

	Unit Count
	Number of deployable objects within payload (cluster or swarm)
	1, 2, …., x
	

	Transmission Frequency
	Identify what frequency your payload will use to communicate with ground or other.  Stipulate difference between receiving and transmitting frequencies.
	MHz &  Watts
	


	PAYLOAD GROUND TRANSPORT TO KSC

	Resource
	Definition
	Units
	Payload Needs

	Power
	No power in transport, acceptable?
	Yes or No
	

	Temperature
	Ambient Environment (45° to 100°F), acceptable?
	Yes or No
	

	Vibration
	Define, if any, shipping "g" limits?
	g
	

	Shock
	Define, if any, drop shock limits?
	g
	

	Environment Monitoring
	Does the payload need thermal /vibration limit/shock limit / humidity monitoring during ground transport?
	Yes or No:         If Yes, List Environments to be Monitored
	

	Other
	List any other needs or resources to the payload.
	Optional
	




	PRE/POST PAYLOAD INTEGRATION IN MSA (AT MPCV FACILITY OR AT VAB)

	Resource
	Definition
	Units
	Payload Needs

	Power
	Is 28Vdc trickle charge [TBR] needed?
	Yes or No
	

	
	If yes, what amperage?
	Amps
	

	
	If yes, how long is trickle power needed?
	hours, days, or weeks
	

	
	List type & power size of battery in payload.
	NiCad, Li ion, etc.                     Volts & watts
	

	Environment Restrictions
	Are there any environment restrictions (temp., humidity, etc.)?
	Show Appropriate Unit
	

	Facility Support
	Will you perform any test & check-out before payload/deployer installed in MSA?
	Yes or No                         If Yes, brief description of activities.
	

	
	List needed services.
	Power, N2, etc.
	

	
	List needed equipment.
	Table, lighting, etc.
	

	Other
	List any other needs or resources to the payload.
	Optional
	



	PAYLOAD ON THE PAD (PRELAUNCH)

	Resource
	Definition
	Units
	Payload Needs

	Pad Dwell Time
	Can payload handle 2 months on pad without services (i.e. trickle charge)?
	Yes or No                   If No, what is maximum dwell time?
	

	Dry N2 Purge
	Can payload handle a 6 to 12 hour dry nitrogen purge during vehicle tanking, prior to lift-off?
	Yes or No
	

	
	Can payload handle a temperature range of (-100°F to 80°F)?
	Yes or No
	

	Other
	List any other needs or resources to the payload.
	Optional
	



	PAYLOAD DURING ASCENT (LAUNCH THROUGH MPCV DEPARTURE & DISPOSAL BURN             (~4 TO 5 HOURS)

	Resource
	Definition
	Units
	Payload Needs

	Ascent
	Can payload handle maximum vibration level of [TBD-002]?
	Yes or No
	

	
	Can payload vent air during ascent at the rate of x.x psi/sec?
	Yes or No
	

	
	Does the payload contain any pressure vessels or trapped gas enclosures?
	Yes or No            If Yes, then describe volumes & pressures.
	

	
	List any other needs or resources to the payload.
	Optional
	





	PAYLOAD DEPLOYMENT (POST ICPS DISPOSAL BURN, PRE SECONDARY PAYLOAD SYSTEM SHUTDOWN)                                                                                                                                                        FIRST DEPLOYMENT OPPORTUNITY IS L+ 4 TO 5 HOURS.  MOON WILL BE 3.5 TO 8.5 DAYS AWAY DEPENDING ON LAUNCH WINDOW.                                                                                                      LAST CHANCE FOR PAYLOAD DEPLOYMENT WILL BE 8 TO 9 DAYS [TBR] DAYS AFTER ICPS DISPOSAL BURN.

	Resource
	Definition
	Units
	Payload Needs

	Deployment
	Describe point when payload is to be deployed.  Link to time after MPCV departure.
	hours or days
	

	
	Can payload accommodate a 4.6 ft/sec. min. deployment rate?
	Yes or No
	

	
	If other rate desired, specify.
	ft./sec.
	

	
	Does payload deployment coincide with another payload?
	Yes or No
	

	
	If yes, identify other payload & state order of deployment.
	Brief Description
	

	
	Does payload deploy or expand beyond its stowed configuration?
	Yes or No              If Yes, give final dimensions           ft x ft x ft
	

	
	Can payload delay expansion process by 5 to 10 seconds from deployment?
	Yes or No
	

	Pointing
	Does payload need to be deployed in a particular direction?
	Yes or No
	

	
	If yes, describe target direction (moon, Earth, other, etc.)
	Optional
	

	Trigger Signal
	Does payload need a trigger signal prior to deployment?
	Yes or No
	

	
	If yes, how much time before deployment?
	minutes
	

	Communication
	State method for communicating w/ground or other points.
	Brief Description
	

	
	How long after deployment will payload start transmitting data?
	sec., min., hours
	

	Other
	List any other needs or resources to the payload.
	Optional
	

	Disposal
	What is method of payload disposal?
	Earth reentry, crash on Moon, deep space, other
	









	OTHER INFORMATION: OPTIONAL
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PAYLOAD INTEGRATION AGREEMENT

The Payload Integration Agreement (PIA) documents the agreements to manage and execute the roles and responsibilities of the technical integration requirements, processes, services, and resources between the Secondary Payload Customer and the Exploration and Space Transportation Development Office (FP30) for secondary payloads launching on the SLS vehicle. The PIA is jointly signed after iterative Technical Interchange Meetings (TIM) to discuss and document the Secondary Payload Customers’ needs specified in the SLS Payload Questionnaire.


PAYLOAD INTEGRATION AGREEMENT TEMPLATE FOR {PAYLOAD NAME}
Appendix D of the SLS Secondary Payload User’s Guide is to implement a co-signed Payload Integration Agreement (PIA) between the Secondary Payload Customer and the FP30/Exploration and Space Transportation Development Office as the binding agreement for meeting and implementing the latest technical integration requirements and management processes required to fly a secondary payload on the Space Launch System (SLS) vehicle.
This PIA is applicable to all secondary payloads that will be integrated into the SLS stack. The PIA defines the management agreements by both parties and results in: (1) a co-signed PIA that will address management agreements; (2) the PIA becomes a separate standalone document; and (3) the PIA provides direction to applicable documentation so that the Secondary Payload Customer shall be in compliance with the latest requirements. 
The sections below are preliminary and require further definition but aim to initially introduce and address potential sections of the PIA.
PURPOSE AND SCOPE
The Payload Integration Agreement (PIA) documents the agreements to manage and execute the roles and responsibilities of the technical integration requirements, processes, services, and resources between the Secondary Payload Customer and the FP30/Exploration and Space Transportation Development Office for transportation services via the SLS vehicle. The effectivity of this co-signed PIA commences upon the last required signature of this document and continues through payload deployment from the SLS vehicle. 
REQUIREMENTS
It is the responsibility of the Secondary Payload Customer or the FP30/Exploration and Space Transportation Development Office to verify compatibility of secondary payload/deployer physical and functional interfaces with the applicable SLS interface agreements and documents. FP30, on behalf of the SLS Program, however, intends to provide maximum flexibility in determining the manner or method to be used to accomplish this verification. All secondary payload/deployer physical and functional compliance shall be accomplished prior to installation for flight. 
PAYLOAD DESCRIPTION
The Secondary Payload Customer provides a top-level description that describes the basic function(s) and research objectives of the secondary payload.
UNIQUE AGREEMENTS, CONSTRAINTS, OR SERVICES
The Secondary Payload Customer or FP30, on behalf of the SLS Program, provides any unique deviations required from the management responsibilities or technical agreements.
FURNISHED EQUIPMENT
The Secondary Payload Customer lists the required/requested equipment to be furnished by SLS Program for the secondary payload. This includes any furnished equipment required to support the flight integration and support operations required to be performed on the SLS. 
GROUND AND FLIGHT RESOURCE REQUIREMENTS
The Secondary Payload Customer lists the ground and flight resources required, the need date, duration and location for resources.  Requests for non-standard services must be assessed for cost and schedule impacts prior to approval. Any costs for non-standard services will be the exclusive responsibility of the Secondary Payload Customer. 



PAYLOAD INTEGRATION AGREEMENT 
FOR {PAYLOAD NAME}
FOR MISSION {EM-1}



Approved by:


_______________________________				_______________
Payload Sponsor Name							Date
Organization
Job Title



_______________________________				_______________
Office Manager or Mission Manager Name				Date
NASA/Marshall Space Flight Center
FP30/Exploration & Space Transportation Development Office 					



Approved for Public Release; Distribution is Unlimited.
The electronic version is the official approved document.
Verify this is the correct version before use.
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