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NAME | EMPLOYER | EMAIL PHONE
JSC
Jon B Olansen, PhD NASA jon.b.olansen@nasa.gov 281.244.8590
Stephen R Munday NASA stephen.r.munday@nasa.gov 281.483.0383
Jennifer L Devolites NASA jennifer.devolites@nasa.gov 281.483.8300
Jay N Estes NASA jay.estes@nasa.gov 281.483.8379
Thomas A Hoge NASA thomas.a.hoge@nasa.gov 281.483.2834
Jim S Rice NASA james.s.rice@nasa.gov 281.244.2226
Ronny K Gambrell Jacobs ronny.k.gambrell@nasa.gov 281.483.6081
Michael R Clark Jacobs michael.r.clark-1@nasa.gov 281.244.5679
lan CYoung NASA ian.young-1@nasa.gov 281.483.2918
Jeremy J Hart NASA jeremy.j.hart@nasa.gov 281.483.0001
Thomas M Campbell Helios thomas.m.campbell@nasa.gov 281.461.5879
Elisabeth A Gambone NASA elisabeth.a.gambone@nasa.gov 281.483.8285
Wyatt R Johnson NASA wyatt.johnson-1@nasa.gov 281.483.5696
Louis H Nguyen NASA louis.h.nguyen@nasa.gov 281.483.3215
Jacob J Sullivan NASA jacob.j.sullivan@nasa.gov 281.483.7848
Scott Tamblyn NASA william.s.tamblyn@nasa.gov 281.483.3600
Dr. Tim Crain IM tim@intuitivemachines.com 281.520.3726
Eric A Hurlbert NASA eric.a.hurlbert@nasa.gov 281.483.9016
Howard F Flynn NASA howard.f.flynn@nasa.gov 281.483.1198
Hector J Guardado Jacobs hector.guardado-1@nasa.gov 281.483.8539
Patrick McManamen NASA j.patrick. mcmanamen@nasa.gov 281.483.4548
John C Melcher NASA john.c.melcher@nasa.gov 281.244.6427
Robert L Morehead NASA robert.].morehead@nasa.gov 281.244.5670
Joseph G Durning NASA joe.durning@nasa.gov 281.483.4240
Jacob A Collins NASA jacob.collins-1@nasa.gov 281.483.5318
Brian F Banker NASA brian.f.banker@nasa.gov 281.483.7907
Samuel Flores NASA sam.flores-1@nasa.gov 281.244.5552
Humberto Hernandez NASA humberto.hernandez-1@nasa.gov 281.244.1197
Scott Woodard NASA scott.woodard-1@nasa.gov 281.483.6244
Jason R Graika NASA jason.r.graika@nasa.gov 281.483.8648
Christina G Deoja NASA christina.g.deoja@nasa.gov 281.483.7737
David C Swartwout NASA dave.c.swartwout@nasa.gov 281.792.5105
Joel L Busa Helios joel.busa-1@nasa.gov 832.314.3323
Brian T Butcher NASA brian.t.butcher@nasa.gov 281.483.7209
Kent F Dekome NASA kent.f.dekome@nasa.gov 281.483.1453
Robert L Hirsh NASA robert.l.hirsh@nasa.gov 281.483.0496
Kevin McCluney NASA r.k.mccluney@nasa.gov 281.483.0867
Nina H Patel NASA Recently left NASA
Aaron C Brogley L3 aaron.c.brogley@nasa.gov 281.483.7848
Luis R Cordova L3 luis.cordova@nasa.gov 832.226.3956
Ronald K Maglothin L3 ronald.k.maglothin@nasa.gov
Robert J Paul L3 robert.j.paul@nasa.gov 281.244.8182
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NAME | EMPLOYER | EMAIL PHONE
JSC, cont
Robert O Shelton NASA robert.o.shelton@nasa.gov 281.483.5901
T. Scott Simons Jacobs thomas.s.simons@nasa.gov 281.461.5580
Michael R Burlone NASA michael.r.burlone@nasa.gov 281.483.4054
Joseph R Riccio NASA joseph.r.riccio@nasa.gov 281.483.0405
Angel R Alvarez-Hernandez NASA angel.alvarez-hernandez-1@nasa.gov 281.483.5234
Lee Wilson NASA robert.l.wilson@nasa.gov 281.483.8533
Kevin W Dunn NASA kevin.w.dunn@nasa.gov 281.483.8367
Jacqueline A Myrann NASA jacqueline.a.myrann@nasa.gov 281.483.6054
Frederick T Shetz NASA frederick.t.shetz@nasa.gov 281.483.0183
Randall S Wade NASA randall.s.wade@nasa.gov 281.483.0841
Richard L Comin NASA richard.l.comin@nasa.gov 281.483.7167
David W Carraway Anadarko Recently separated
Steven J Daniel Anadarko steven.j.daniel@nasa.gov 281.244.5656
Jessie R Zapata Anadarko jessie.r.zapata@nasa.gov 281.483.2709
Chris A Counts NASA ccounts@nasa.gov 281.483.0794
M. Trent Kite NASA marlen.t.kite@nasa.gov 281.483.2878
Christopher J Zamora S&K chris.zamora@nasa.gov 281.483.8851
Kristopher W Kehe FlexFocus kwkehe@gmail.com
Wendy L Watkins SAIC wendy.l.watkins@nasa.gov 281.483.8316
KSC
Greg Gaddis NASA gregory.gaddis-1@nasa.gov 321.861.9556
Chuck Loftin NASA charles.e.loftin@nasa.gov 321.867.8797
Melissa Duffy NASA melissa.duffy@nasa.gov 321.867.6131
Jonathan Partridge NASA jonathan.k.partridge@nasa.gov 321.867.0093
James Mantovani NASA james.g.mantovani@nasa.gov 321.867.1870
Joel Waters Yang joel.g.waters@nasa.gov 321.867.8186
Michael Downs NASA michael.downs@nasa.gov 321.867.3665
Jamie Peer Technik jamie.b.peer@nasa.gov 321.867.8154
Bill Dearing NASA william.l.dearing@nasa.gov 321.867.3280
Juan Busto NASA juan.m.busto@nasa.gov 321.867.4850
Alan Bunting NASA alan.k.bunting@nasa.gov 321.861.7166
Joe Torsani NASA joseph.a.torsani@nasa.gov 321.861.3806
Brian Karr QinetiQ brian.karr@nasa.gov 321.867.3021
Todd McNamara USAF todd.mcnamara@us.af.mil 321.853.8663
Tracy Young NASA tracy.g.young@nasa.gov 321.867.9284
Don Myrick NASA don.s.myrick@nasa.gov 321.861.1680
Chuck Davis NASA chuck.davis@nasa.gov 321.867.4748
Eric Dirschka NASA eric.dirschka@nasa.gov 321.867.8586
Mark Ross NASA mark.l.ross@nasa.gov 321.861.8581
Kim Shiflett Analex kim.l.shiflett@nasa.gov 321.867.7810
GRC
Denise M Varga NASA denise.m.varga@nasa.gov 216.433.5190
SSC
Andrew W Guymon NASA andrew.guymon@nasa.gov 228.688.1904
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The Morpheus Project began in earnest in June of 2010 as a lander technology development activity
that could eventually support human and robotic missions to any surface. The most visible aspect of the
Morpheus Project is the autonomous, reusable, rocket-powered,
terrestrial vertical test bed (VTB), which provides a platform to
mature, refine, and demonstrate advanced technologies in a
relevant flight environment.

The Morpheus Project was challenged to provide this
vehicle, the necessary ground support infrastructure, and
operations capability to conduct flight tests using a lean
development approach of a small team, rapid testing and
turnaround, innovative partnerships and minimal resources.

Over four years, the project has spanned a total project life
cycle from concept of operations through flight operations and
sustaining engineering, with mult|ple prototypes and iterative
design and development. In p

View from the KSC Shuttle Landing this time, the Morpheus project

Facility at sunrise has built 2.75 nearly identical

prototype vehicles, and

conducted 60 flight tests: 12 static hot fires, 34 tether tests, and 14 free

flights. The final five free flights at KSC successfully reached an altitude

of 245 m and traveled 800 m downrange to a land safely in the hazard
field with the ALHAT components integrated on board.

The achievements of the project are a testament not only to the
dedication and perseverance of the personnel that have made up the
Morpheus team for four years, but also the enlightened attitude of NASA
management to allow appropriate risk-taking and the use of test failures : )
to ultimately succeed. This was best exemplified by the response to the ALHAT Hazard Detection System
loss of the first Morpheus vehicle. mounted on the Morpheus ‘Bravo’

On August 9, 2012, during the 27" integrated test and 2™ free flight vehicle
attempt at Kennedy Space Center, the Morpheus 1.5 “Alpha” vehicle
crashed shortly after takeoff. The entire vehicle was lost, with the exception of a handful of parts that were
recovered for reuse. [Most notably, the HD4 engine injector was recovered and incorporated into the
rebuilt engine currently powering the ‘Bravo’ vehicle, which recently reached 3000 seconds of cumulative

engine firing time.] The cause of the crash was
1m\ﬂ isolated to the loss of navigation data shortly after
- " A liftoff.

Prior to beginning Morpheus flight tests,
; i damage or loss of test hardware was pre-declared
o 2 as a potential test outcome, not a more formal
> “mishap”, and this risk had been well communicated
up through the NASA management chain. As a
result, Agency leadership immediately recognized
the test nature of the failure and reiterated their
endorsement of the project. NASA Administrator
Bolden discussed the “fail forward” nature of
Morpheus and its benefits in an open letter to
Agency personnel on April 19, 2013. “No one likes to
lose equipment, but we recognized that failure is part
= of the price of learning and acted accordingly. As
Morpheus ‘Alpha’ vehicle Free Flight 1at ignition; long as we ensure that our people are protected we
and Free Flight 2 after it crash landed. can manage and tolerate failures as part of the price

of progress.”

With leadership support, the team gathered at the crash site the next day and began to forge their
forward path. Within two months, 70 design upgrades were developed, reviewed and approved for
implementation in the buildup of the “Bravo” vehicle, associated ground support equipment, operations
and test facilities. Some critical hardware and instrumentation would get redundancy, more advanced
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fault detection and response algorithms would be

incorporated, a flame trench was designed and deemed

mandatory, and numerous other ground systems and

operations procedures would be modified. Rebuilding %
efforts began in earnest in October 2012, with the first =
integrated hot fire test completed six months later. The
knowledge gained in testing the ‘Alpha’ vehicle
significantly improved the performance of the ‘Bravo’
vehicle once its testing began. A series of progressively
more ambitious free flights were successfully completed
at KSC between December 10, 2013 and May 28, 2014. '

For Morpheus, lean development has been a rapid Morpheus rises above the KSC SLF during FF13
prototype development and test philosophy that
emphasizes learning through frequent test activities. Off-nominal performance in a test would yield design
improvements to hardware, software or operations that were quickly implemented and tested to see if
they indeed improved performance. As a result, since April 2011 the project has executed sixty propulsive
flight tests with two vehicles, yielding advancements in design, integration and operations, while
generating copious amounts of data for continued analysis.

\ e A key to lean development is accepting appropriate risk; the

" project must manage appropriate and acceptable risk,
acceptance of “failure”, and expectations of “success” in
technology development. Heading into free flights at KSC, it was
important for the project to maintain a consistent risk posture.
From the very beginning, Morpheus vehicles were built as single-
string, vertical take-off and landing prototypes. That approach
enabled the project to pursue lean development and make
advances in design, testing and operations in a more rapid
fashion than many traditional projects. However, there are
inherent risks to the vehicle using this approach. The project put
forth significant effort in identifying and mitigating single-point
failures that could cause loss of vehicle prior to heading to KSC.
That included substantial subsystem-level testing, tether testing, and system-level protoqual testing.

To be clear, this risk acceptance applies only to technical performance of the vehicle system.
Hazards to personnel safety or infrastructure are managed at a much higher level of rigor, commensurate
with all other activities done within the Agency. The primary exception to the single-string philosophy
included safety measures in subsystems such as pressure systems and range safety. Pressure systems
have redundant pressure relief components built in. The dual-redundant thrust termination system (TTS)
on board the vehicle includes two independent valves in the propulsion system, either of which could cut
engine thrust, each commanded by an independent range safety radio link. This exemplifies the project
emphasis on safety, even while accepting additional risk to the test vehicle itself.

Engineers learn best by doing, by working hands-on with hardware and software, by designing,
building and testing systems on an integrated flight vehicle. In just a few years,
Morpheus and ALHAT have provided a prolific training ground for engineers
and technical and project leaders. Lean development, rapid prototyping,
emphasizing testing over analysis, allowing engineers to fail-forward to
success—these tenets can enable not only lower costs and faster schedules,
but, most importantly, more capable employees.

The dedication, innovation and “dare to try” reduced life-cycle methods
this team utilized are atypical for human spaceflight development and allowed
rapid improvements of the Morpheus and ALHAT systems that, now
developed and tested, can be leveraged for future agency missions and
objectives. With Morpheus, we have sought to balance risk with the
opportunity for rapid advancement of technologies that will benefit the future of
human space exploration. The spectacle of the free flights at KSC is evidence
of the benefits of such an approach!
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Morpheus Control at KSC during FF4

Morpheus liftoff



