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Launch Abort Systems
• First, a word from our sponsor (planar state equations for 

launch)
• Apollo launch escape system (LES)
• Discussion of requirements (HL-20)
• Shuttle abort modes
• Orion launch abort system (LAS)
• Dragon abort
• New Shepard abort
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Coordinate System for Launch Trajectories
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from Edberg and Costa, Design of  Rockets and Space Launch Vehicles
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Planar State Equations for Launch Trajectories
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Ancillary Equations for Launch Trajectories
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m(t) = m0 − ·mt; mass flow  ·m =
T

g0Isp

D =
1
2

ρv2cDSref; cD is a function of Mach number

P∞(h) = P0e−h/hs

ρ(h) = ρ0e−h/hs

g(h) =
g0

(1 + h/R0)2



Launch Abort Systems

ENAE 791 – Launch and Entry Vehicle Design

U N I V E R S I T Y  O F
MARYLAND

Free-Body Diagram of Launch Vehicle
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from Edberg and Costa, Design of  Rockets and Space Launch Vehicles
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Dynamic Equations Including Steering

6

mat = m
dv
dt

= T cos(α + δ) − D − mg sin γ

man = mv
dγ
dt

+
mv2 cos γ

R0 + h
= L − mg cos γ + T sin(α + δ)

M − lCGT sin δ + lACL cos α = Ipitch
∂2θ
∂t2

mat = m
dv
dt

= T − D − mg sin γ

mv
dγ
dt

= L − mg cos γ −
mv2 cos γ

R0 + h

For α, δ small...
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Atlas-Agena Launch Failure
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Mercury Pad Abort Test
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Gemini Ejection Seats
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Gemini 6A Pad Abort
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Apollo Launch Escape System
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Apollo Abort Modes
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from Hyle et. al., “Abort Planning for Apollo Missions” AIAA 1970-0094



Launch Abort Systems

ENAE 791 – Launch and Entry Vehicle Design

U N I V E R S I T Y  O F
MARYLAND

Apollo In-Flight Abort Test

13



Launch Abort Systems

ENAE 791 – Launch and Entry Vehicle Design

U N I V E R S I T Y  O F
MARYLAND

Shuttle Ascent Abort Profile
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from Henderson and Nguyen, “Space Shuttle Abort Evolution” AIAA 2011-7245
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Shuttle Return to Launch Site (RTLS)
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from Henderson and Nguyen, “Space Shuttle Abort Evolution” AIAA 2011-7245
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Shuttle Transatlantic Abort Landing (TAL)
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from Henderson and Nguyen, “Space Shuttle Abort Evolution” AIAA 2011-7245
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Crew Egress Following Emergency Landing
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STS Abort Prior to 51-L
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Shuttle Abort Post-2000
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Shuttle Bail-out Certification Tests
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Titan IIIC Blast Pressures
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from Naftel and Talay, “Ascent Abort Capability for the HL-20” JSR v30 n5, Sept-Oct 1993
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Flight Time to 10psi Overpressure Limit
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from Naftel and Talay, “Ascent Abort Capability for the HL-20” JSR v30 n5, Sept-Oct 1993
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Human Acceleration Limits
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from Naftel and Talay, “Ascent Abort Capability for the HL-20” JSR v30 n5, Sept-Oct 1993
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Orion Launch Abort System
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from Sullivan, Bocam, and Ascalera, “Development of  the Orion PA-1 Launch Abort System” AIAA 2011-7129
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Orion Pad Abort Test 1
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Orion Abort Modes
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from Sullivan, Bocam, and Ascalera, “Development of  the Orion PA-1 Launch Abort System” AIAA 2011-7129
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Orion Flight Abort Test
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https://www.youtube.com/watch?v=azZTXOZZ8BQ
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Base Drag Effects at Separation
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from Tartabini, “Integrated Flight Performance of  a Launch Abort System Concept”AIAA 2007-6622
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Orion Pad Abort Trajectory Performance
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from Tartabini, “Integrated Flight Performance of  a Launch Abort System Concept”AIAA 2007-6622
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Orion Separation Distance for Pad Abort
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from Tartabini, “Integrated Flight Performance of  a Launch Abort System Concept”AIAA 2007-6622
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Max Launch Abort System Test
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Effect of LAS Jettison on Payload
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from Tartabini, “Integrated Flight Performance of  a Launch Abort System Concept”AIAA 2007-6622
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Boeing Starliner Pad Escape System
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Original Orion Pad Escape System
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SpaceX LC40 Pad Escape System
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https://www.youtube.com/watch?v=5uCW77-gKnE
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SpaceX Dragon Pad Abort Test
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Dragon Abort Profile
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SpaceX Dragon Pad Abort Test
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Dragon Pad Abort POV
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Boeing Starliner Pad Abort Test
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https://www.youtube.com/watch?v=kImxBEQkGDI
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New Shepard In-Flight Abort Test
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