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Outline

• Background	at	UAH
• Space	Launch	System	(SLS)	at	Boeing
• Overview	of	development	programs	in	general
• Propulsion
• Flight	Termination	System	(FTS)
• Separation	Systems
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University	Student	Launch	Initiative	2012-2013
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USLI	Payload	Experiment:
Dielectrophoresis
(Thanks	Dr.	Blackmon!)
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USLI	Payload	Experiment	Testing

Testing	at	acceleration	test	facility	
Codename:	Space	Shot
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High	Pressure	Lab

Burning	surface	regression	in	X-ray	video	frames

Solid	Propellant	Sample
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“Measurement	of	Solid	
Rocket	Propellant	Burning	
Rate	Using	X-ray	Imaging”
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Space	Launch	System	(SLS)
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https://www.nasa.gov/exploration/systems/sls/multimedia/gallery/SLS_Concepts.htmlhttps://www.nasa.gov/sls/multimedia/gallery/sls-infographic3.html



11https://www.nasa.gov/exploration/systems/sls/multimedia/gallery/SLS_Concepts.html
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https://www.nasa.gov/sites/default/files/atoms/files/sls_lift_capabilities_and_configurations_508_08202018_0.pdf



RS-25	Engine	– Aerojet	Rocketdyne

13https://www.nasa.gov/exploration/systems/sls/multimedia/hardware.html



Stennis	Space	Center	(SSC)

14https://www.nasa.gov/exploration/systems/sls/multimedia/hardware.html
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https://www.nasa.gov/exploration/systems/sls/multimedia/infographics.html
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https://www.nasa.gov/exploration/systems/sls/multimedia/infographics.html



Michoud	Assembly	Facility	(MAF)
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https://en.wikipedia.org/wiki/Michoud_Assembly_Facility



Engine	Section
at	

Michoud	
Assembly	

Facility	(MAF)
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https://www.nasa.gov/exploration/systems/sls/multimedia/hardware.html



Qualification	Liquid	Hydrogen	Tank	at	MAF
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Qualification	Liquid	
Hydrogen	Tank	at	MSFC
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https://www.nasa.gov/exploration/systems/sls/multimedia/hardware.html



Liquid	Oxygen	Tank	at	MAF

22https://www.nasa.gov/exploration/systems/sls/multimedia/hardware.html



Solid	Rocket	Booster	(SRB)	– ATK	/	Northrop	Grumman

23https://www.nasa.gov/sites/default/files/atoms/files/sls_solid_rocket_booster_fact_sheet_final_508_june2018.pdf



Upper	Stage	for	First	Launches	(SLS	Block	1)
Interim	Cryogenic	Propulsion	Stage	(ICPS)	– Boeing/ULA
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RL-10	Engine	made	by	Aerojet	Rocketdyne
(formerly	Pratt	&	Whitney	Rocketdyne)

https://www.nasaspaceflight.com/2017/07/sls-upper-stage-residency-former-home-iss-modules/



Orion	– Lockheed	Martin

25https://www.nasa.gov/exploration/systems/orion/index.html
ICPS Orion

https://www.nasa.gov/sls/interim_cryogenic_propulsion_stage_141030.html

Orion



Final	Integration	and	Launch	from	Kennedy	Space	Center

26https://www.google.com/search?biw=1536&bih=754&tbm=isch&sa=1&ei=x_-mXI-
7DLDI_QbcgKmgDQ&q=sls+at+kennedy+space+center&oq=sls+at+kennedy+space+center&gs_l=img.3...4105.4795..5141...0.0..0.92.541.7......1....1..gws-wiz-img.SzIop5vcGmg#imgrc=LKQlb8QL0HscuM:



Flight	Termination	System	(FTS)
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Safe	&	Arm	
Device	containing	
an	Initiator

Destruct	
Charge

Time	Delay

References:
1. https://www.google.com/search?biw=1536&bih=754&tbm=isch&sa=1&ei=W_OmXMbDC6iwjwTx3Bk&q=rf+antenna&oq=rf+antenna&gs_l=img.3..35i39j0j0i67l2j0l2j0i67j0l3.3790.3985..4247...0.0..0.75.148.2......1....1..gws-wiz-img.C88or3I47tk
2. https://www.google.com/search?biw=1536&bih=754&tbm=isch&sa=1&ei=8POmXLQfi_uPBLzujMgN&q=avionics+box&oq=avionics+box&gs_l=img.3...28030.29472..29572...0.0..0.0.0.......1....1..gws-wiz-img.u0_s7hVDcII
3. https://www.google.com/search?ei=rvWmXIvEJuzIjwSShbDACg&q=accelerometers&oq=accelerometers&gs_l=psy-ab.3..0j0i20i263j0l8.3147.4625..4757...0.0..0.97.1137.14....2..0....1..gws-wiz.......0i71j35i39j0i67j0i228j0i131i67j0i131.TZQnBxBh1h8
4. https://www.eba-d.com/products/time-delay-assembly/
5. https://psemc.com/products/electromechanical-safe-and-arm-device-esad/
6. https://www.eba-d.com/products/flexible-confined-detonating-cord-assembly-fcdca/
7. https://psemc.com/products/destruct-charge/
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Destruct	Charges
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https://psemc.com/products/destruct-charge/



Linear	Shaped	Charge	(LSC)

https://www.eba-d.com/assets/Uploads/AIAA-2003-4436-Separation-Joint-Tech.pdf 29

• Can	be	used	for	Flight	Termination	(destruct)
• Can	be	used	for	separation	of	stages,	fairings,	vent	ports,	etc.



Frangible	Joint	with	Expanding	Tube

https://www.eba-d.com/assets/Uploads/AIAA-2003-4436-Separation-Joint-Tech.pdf 30



Separation	System	Comparison

https://www.eba-d.com/assets/Uploads/AIAA-2003-4436-Separation-Joint-Tech.pdf

Linear	Shaped	
Charge

Expanding	Tube

More	debris Less	debris

More	source	shock Less	source	shock

More	simple Less	simple
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Overview	of	Component	Development
• Understand	the	subsystem	that	uses	the	components
• Write	component	specification,	Statement	of	Work	(SOW),	Test	plans	if	needed
• Send	Request	for	Proposal	(RFP)	package:	60	days	for	suppliers’	responses
• Evaluate	proposals	using	predetermined	evaluation	criteria:	30	days
• Issue	contract	award	to	best	supplier
• Design	Reviews	and	Testing	(iterative	as	design	matures	and	hardware	is	built)
• Delivery	to	Boeing
• Support	subsystem	testing
• Support	integration	onto	the	vehicle
• Support	vehicle	testing
• Support	the	mission
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Component	Specification

Types:
• Envelope	Drawing	(ED)
• Source	Control	Drawing	(SCD)
• Build-to-print	Drawing	with	notes	and	parts	list

Requirements	with	Verifications:
• Functionality
• Environments:	temperature,	loads,	pressure,	vibration,	shock,	humidity,	salt	fog,	
electrostatic	discharge,	etc.
• Reliability
• Safety
• Dimensional	Envelope	(often	includes	a	preliminary	drawing)
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Governing	Specifications	for	
SLS	Ordnance
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https://standards.nasa.gov/standard/msfc/msfc-spec-3635

https://kscsma.ksc.nasa.gov/RangeSafety/reqDocs/DoDlinks



Component	Testing

• Development	Testing
• Qualification	Testing
• Acceptance	Testing
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Component	Reviews

• Pre-Contract	Requirements	Review
• System	Requirements	Verification	Review
• Preliminary	Design	Review	(PDR)
• Critical	Design	Review	(CDR)
• Test	Readiness	Review	(TRR)
• Acceptance	Review	(AR)	or	Hardware	Acceptance	Review	(HAR)
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Questions?

37https://en.wikipedia.org/wiki/Mars


