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The Lifting Bodies (circa 1963 — 1975)




HL-10 at AFRC (circa 2025)

R

] [ hrd




Indian Ocean, circa 1983




158 &7

S
EVIEWED FOR DECLAS
ononeo o someoeer  UNCLASSIFIED

E.O. 13292, SEC. 3.3 AND DETERMINED

UNCLASSIFIED.
AUTHORITY: NASA LARC

ANALYSIS OF THE COSMOS 1445
ENTRY VEHICLE (S)

by

Delma C. Freeman, Jr.
Head, Vehicle Analysis Branch

Director, Go
ASA Headquarter

REVIEWED FOR DECLASSIFICATION
UNDER E.O. 12958, AS AMENDED BY
E.O. 13292, SEC. 3.3 AND DETERMINED ptoan, Virg
UNCLASSIFIED. APR -7 1988

AUTHORITY: NASA LARC - A en
nce sources UNCLASSIFIED N
D y on: OADR N




UNCLASSIFIED
SECHEY

STUDY DEFINITION (U)

() Objective: Analyze the Cosmos 1445 Entry Vehicle and
develop possible mission scenarios based
upon these assessments

(@ Approach: e Use available information and do a systems
analysis to determine weights, volumes and
payload potential

e Use existing lines to estimate vehicle
aerodynamics and performance

¢ Use refined lines to build wind tunnel models
and test over the entry speed range

e Use telemetry data and attempt to reconstruct
the entry trajectory
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(U) ASSESSMENT TEAM

System Analysis:

Christopher I. Cruz
Ian 0. MacConochie
James C. Young

Performance Analysis:

Richard W. Powell
Theodore A. Talay

Aerodynamics:

Delma C. Freeman, Jr.
Bernard Spencer, Jr.
William C. Woods



NASA BOR-4 VEHICLE ASSESSMENT -- 1983

* Weight estimation
— POST Trajectories
— Water displacement analysis
— Booster capabilities

* Center of gravity estimate
— Sling hanging analysis

» Shape analysis
— Photos used to produce
wind tunnel models

Soviet spaceplane exhibited very good shape for entry.
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SUMMARY MASS PROPERTIES (U)

Mass Property Half Scale Full Scale

(@) Injected

wt, b 3425 24,684

c.g., % 60.0 60.0
($) Entry

wt, Ib 2694 10,010

c.g., % 54.0 55.0

w/s, lo/ft? 45.8 43.4
(§) Landing

wt, Ib 2400* 9,987

c.g., % 55.4* 55.0

*Less parachute and parachute hatch
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UNCLASSIFIED

FACILITY DESCRIPTION (U)

Subsonic
M=0.61t00.9 Diffuser Flow Apparatus

RN, =1.75x 10° (NTF Model Tunnel)

Supersonic
M=1.6104.63 Unitary Test Sections | & ||

RN, =2x 10°
Hypersonic

M=20 LaRC 20 Inch Helium Tunnel
RN, =3.4x 10°
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HYPERSONIC/HIGH SUPERSONIC LONGITUDINAL
CHARACTERISTICS (U)

Moment ref = 0.54 L

2 s
D
L/D 4
3
1L CL
02 2
C
<
C 0 v 1
m Hn
\"Q% X
-.02 ] | ] ] |
0 10 20 30 40 0 40
o, deg
NOT Classified by: LaRC Director
Sensitive ources
ethods involved Declassifiy on: OADR
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SUMMARY OF SYSTEM ANALYSIS OF
COSMOS 1445 SPACECRAFT (S)

() ¢ Unmanned, too small (~13 ft length)
(8) e Vehicle weighs approximately 2,700 Ib
(®)

(

e Maximum payload of 300 Ib

e Maximum insertion weight of 3,400 Ib
3

)
(@) e Test vehicle not configured to fly below Mach 2
(@) e Passive stable above Mach 2
(®)
)

@) « Maximum aerodynamic cross range of 1,100 n.mi.

(@) e From an initial orbit of 123 n.mi.
« Maximum plane change of 4 degrees
or
« Maximum orbital altitude of 500 n.mi.
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UNCLASSFIES

SUMMARY OF ANALYSIS OF
FULL-SCALE VEHICLE (U)

3,000 Ib payload
» A maximum plane change of 13°
or
* A maximum altitude of 1,700 n.mi.
from an initial orbit of 123 n.mi.
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Spiral and BOR-4 History

e Russian Spiral OS — (mid 1960’s — early 1970’s)
e 3 main components

e Reusable hypersonic air-breathing launch
aircraft

e Expendable 2 stage rocket
e Orbital spaceplane

* BOR subscale flight tests series (1982-84)
e Unmanned orbital rocket plane
e Hypersonic aero and heat shield materials
testing for Soviet Buran Space Shuttle design
e 4 successful flight tests

e Intelligence photos taken by Australians during
recovery operations




HL-20 LIFTING BODY BACKGROUND

* 1983-86 -- Investigation of Soviet spaceplane; In-house design

* 1986-88 -- Looked at shape as Crew Emergency Rescue Vehicle
(CERV & ACRV) & two-way transport (STAR)

* 1988-89 -- Personnel Launch System (PLS) work begun
* In-house vehicle maturation continuing

* 1989-90 -- Contract with Rockwell for 10-person HL-20/PLS

* 1990-91 -- Further In-house HL-20 studies -- Full scale mockup
* 1991-92 -- HL-20 Skunk Works Study

* 1992 -- Goldin HL-20/PLS cost exercise

* 1993 -- Access to Space - Option 2 -- HL-42

* 1992-2000 -- Utilization of Rockwell & Skunk Works results in
numerous studies/reviews



HL-20 LIFTING BODY STUDIES

e HL-20 versions studied

4 to 10 people

e Station rotation, CERV/ACRYV, servicer, OMV,

lunar crew rotation, cargo, technology testbed

* Boosters from Atlas IIAS to Titan lll and NLS
* Over15-year in-house effort; two major contractor studies
e Extensive full-range wind tunnel, CFD data bases
e Autoland/abort studies, flight simulators, full scale mockup
e Costed numerous times; HQ reviewed

* Briefed to two NASA administrators (Truly, Goldin)



Aerodynamics

. — Mach  Number
Database Development — (M = 0.1 -20) 1 ity oo SIee Typeof test
ey . Full-scale Tunnel 0.1 130 Force and moment
* Longitudinally and laterallly stable across entire Low TubokicePiessire: 09 139 Force s ingimet
range — (M = 0.3 - 20) Tunnel
_ _ - 7X10 High-speed Tunnel 0.348 184 Force and moment
* Neutral directionally stability — (M = 2.5-3.5) CALSPAN 8-ft Transonic  0.6-1.2 244 Force and moment
Tunnel
* L/D Max — (Hypersonic = 1.4 to Subsonic = 4.3) Unitary Plan Wind Tunnel 1645 412 Force and moment
20-in.M=6 Hypersonic 6 126 Force and moment
- Control surface deflections at L/D max Liinel thermal mapping
visualization
* 10 deg. — subsonic CF,; M=6 Hypersonic 6 73 Force and moment
Tunnel thermal mapping
* 0 deg.— (M =0.6-0.9) _ _ visualization
- 3 deg — transonic 31-’1[1‘11.134112'10 Hypersonic 10 83 anrggpn:gt
— visualization
* 0 deg. — (M = 2-20) 22-in, M=20 Hypersonic 20 26 Force and moment
o ; in Tunnel
Work to improve low subsonic — (M < 0.3) SR s ——_ S
« HL-20 A-D testing — (OML shape changes) Tunnel

HL-20 at NASA LaRC



Trajectory Analysis
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* Ascent, abort, entry assessment studies for PLS — (using POST)

« Titan Il launch to ISS — (28 deg. incl, 220 nmi.)

15¢ 100
* Abort scenarios examined — (On-the-pad, return-to-launch, ocean
landing with parachute, transatlantic abort, abort-to-orbit) ok ok
* Entry analysis using 5 landing sites (KSC, Edwards, Hawaii, Guam, 5 e
Dakar) assuming daylight landing SF 100}
* Results provided ]
0 200*

* Time intervals for mission and abort success

« Daily landing opportunities — (Entry to primary/sec. sites from ISS) Entry Profiles into KSC

HL-20 at NASA LaRC



Thermal Protection System

TPS selection based on the following

* Protect vehicle structure and crew

* Reusable with minimal maintenance

* Durable within space and ground environments
« Utilize near-term technology

Design driven by peak heating rates & total heat
load — (entry trajectory)

MINIVER Analysis validated and used with
experimental and CFD results

Time history results used in POST

Materials selected
» Advanced Carbon-Carbon — (ACC)

 High-temperature Reusable Surface Insulation —
(HRSI)

» Advanced Flexible Reusable Surface Insulation
— (AFRSI)

" Experimental

O Phase-change paint

~wWW Thermographic phosphor

MINIVER turbulent prediction
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HL-20 at NASA LaRC



Operations and Support

1 Position GSE and support pérsonnel ' — =
1 HL-20 lands at KSC shuttle landing facility Vehicle processing time, manhours
| Sniff check and offload ¢rew and passengers i Shuttle Estimated HL-20 Decreaze for HL-20
1' Tow to safing area Systems orbiter hftmg body compared with shuttle
Deservice propellants and safe pyros N S =
1 Position ground support equipment and support personnel. g;:ahry . 1?&2 6 91%;
Hl Post flight insepctiort ESTahon < =t
i Puige, vent & dram 656 492
I TPS maintenance f 1 o
. : Mechanisms 1,611 1,525—Nobay
B Cabin decanfiguro | Structures/handling 2,932 2472
- A"?nd' and lpnfess, mmtename Thermal protection system 10,636 9,660 — Smaller
I Comm., elect., and iastruments maintenance | Main propulsion/SSME 7012 7,012—No SSME
M Structural inspection and maintenance OMS/RCS 1288 )
B Mechanical systems maintenance Fuel cell/PRSD '343 0
H H M Engine, fael systems maintenance Auciliary power unit 416 416—No APU
Launch B Equipment and fum. maint. and cabin configurati Launch accessories ) 58
integration 1 [Flight cantrols maintenance Pryotechnics 292 260
I Misc. systems maintenarice and servicing : Hydraulics 1.045 1,045~Ng hyd
EE Closeout i ECLSS 1,724 1,024-NOWCS
| Ro}loul horizontal processing facility : Flight crew 208 96
1 Transport 1o pad GN&C 780 604
I: Lift and mate Digital 226 138
EEEE |ntegration testing Commnmications 135 83
\ 8 HL-20 propellant load Instrumentation 76 4“4
S B Ordnance installation Electric power distribution 224 144
| i 1 Titan propellant load Software 80 0
/ i Wl Launch countdown Cargo bay 3336 3.336-No bay
1 week : | Launch Total 34.131 4.708 29519
Maintenance Integration 5§ . g R S e ctant Stos: Distributi
Safe and SSME: Space Shuttle Main Erzine: PRSD: Power Reactant Storage and Dismibution:
= = : Processing and Launch T edvapliees BO ST T ooy % + st
PLS Operations Scenario Deservicing —>—s, ¢ Cclondar days 18 calendar days by hydraukcs: ECLSS. Eaviroamenal Control aad Life Support System: and
S5 day (16.5 work days) (14 work days) WCS: Waste Collaction Systam.

PLS Processing (31 work days) Hands-on Manpower Requirements

Headcount
« Studies of landing, launch, mission operations MU Towl Eog: iTech MASS
Nenilight 1047 86
. . e All flight 7.50 60
» Support defined by manpower, staffing, facilities, Flight specific , 1699 206 144 48 13
Develop operations process reguirementst
H H H Establizh flizht sroundrules and straints?
GSE, maintenance, turnaround processing time Sl A D S Oy SR & 9
Develop mitial flight design and data 3.08 31 22 7 2
. Prepare crew sctvity plan 038 6 - 1 0
° DRM - (to and from KSC, 3 day crew rOtat|On) Prepare mission products & documentation 3.38 34 24 g 2
Perform prelaunch real-ome support 0.25 4 3 1 0
Perform crew and flight controller training 8.13 72 50 17 5
Real time support/simulations 0.27 33 23 8 2
Total mission operations staff 352

"Functions occur infraguently, manpower requirements assumed handled by other functions.

Operations Staffing



Subsystems

Subsystem Rockwell baseline  Lockheed baseline Rockwell Lockheed
Weight, Weight,
Landingg=ar— Aerosurface sctuators EMA Same Component Ib b
Parchulz Insalation -, \. Landing gear Figher-type F-5E modified
ECLS syaem - v OMSYRCS JP4/H;0; MMH/N;04
Aviceics bary — \ . Avionics Wing group 1869 1782
Fightdetk —, - | |- {ji-—AtRec modue Processing system ASCM/MDM Same Center fin 69 69
! G S _~OMSengnes GN&C GPS/INS Same Body group 3502 3502
Commmications Telemetry. voice, Same Themmal protection 2124 2166
?L-fm"%a% air traffic control Landing gear 1161 027
rgpore Vehicle health Dual redundant Vehicle management Propulsion 1366 076
Forwerd e moxnitoring DIOCessors systam Drime power 2880 2605
banery packs R Software lines of code 290k 206k Electrical conversion
Fawar RGS - 111 ECLS RCRS Lithium/hydroxide and distribution 1226 1170
At Baery packs =/ i Persommel ) Seats/ladder; Same Actuarors 172 268
Propusiansysiam tankage acconunocdations no head or galley Avionice 1337 078
DPower supply Silver/zinc batteries Same ECLS 2070 161
Power dismribution 28 Vdc Same Crew accommodations 1434 1180
Thermal control Heat sink Same Recovery and suxiliary 1961 1830
Adsprer Large (ALS)/heavy Small (Titan 111)/light Hi.20 c;w skt & "—_l 73 19170
e enl : = - 21,175 17
su bsYStem LayOUt e S baoses Fo i b Percommel and provisions 2415 1953
Fluids and residusals 727 318
Baseline Selections HL-20landed weight 24315 21,441
Consumsbles 038 2045
HL-20 launch weight 20,353 25,486
Adapter/LES 0348 (TianIV) 6699  (Titan 111)
+ Subsystems developed to maximize efficiency and minimize costs g e S PN S
» Both concepts using current technology with flight heritage — (Shuttle) Mass Properties

* No subsystem technology breakthroughs required for PLS concept
* Both designs focused on ease of maintenance

« Similar selections by both designs and subsequent results gives creditability to
PLS concept

HL-20 at NASA LaRC



HL-20 Mockup Construction

» Construction by NC State through NASA Grant - (1990)
* Built for Systems and Human Factors evaluation
» 48 cross sections created from 90000 data points

» Generic structure created using layup technique of epoxy with dacron
cloth within polystyrene molds — (up to 5 plies)

» Plywood used in bulkheads, longerons and flooring
« Landing gear from Piper Navajo using aluminum shafts

* Interior — (23 ft. length, varying 4 to 6 ft. height, 560 ft*3 volume)

HL-20 at NASA LaRC



Human Factors

Study goals

* Anthropometry — human size related to job function ability
* Internal / Equipment layout / Crew seating

» Crew ingress and egress with Shuttle suits

* Acceptability — (2 hr. time intervals)

Full scale mockup constructed by NC State
35 person study — (10 person crew teams)
* Horizontal, vertical, and pilot view testing
* 5%-95% size for Japanese females / American males
* 4’9" to 6’ 3" height and 116 to 235 Ibs.
Results
» Safe design for ingress/egress regardless of vehicle pos.
* Reasonable acceptability for full crew — (volume, proximity)
* Pilots field of view deficient — (possible nose reshaping)

* Redesign cockpit — (5’ 77 max, more usable volume)

Vertical Position



HL-20 LANDING SIMULATION

LANDING SIMULATION PILOTS

Name/Affiliation

Bob Cabana/JSC-Astronaut

Bill Dana/DFRC-Lifting Body Pilot

Mike Foale/JSC Astronaut

Bob Harper/CALSPAN-Flying Qualities Expert

Steve Ishmael/DFRC-Test Pilot

Bill Lenoir/Headquarters AA for Space Flight

Rob Rivers/LaRC-Former STA Instructor Pilot

Richard Truly-Astronaut/STS-2 and STS-8

John Young/JSC-Astronaut/Commander STS-1

MANUAL LANDING CAPABILITIES
e Crosswind up to 30 knots demonstrated

o + 25% off-nominal energy approaches
demonstrated

o Consistent sink rates below 5 fi/sec

e Consistent touchdowns within 20 knots

e Good flying qualities (HQR Level 1)




COMPARISON OF HL-20, X-24 AND HL-10
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Effect of Lift-to-Drag on Pilot Rating

U o S o A A A i A A N

X-3B ??76 O Pilot A

© ™~ - Pilot B Objectionable
5, > PilotC Deficiency > Level 2

Curve Fit
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SpaceDev Partnership (2005)

e Edwards AFRL meeting — (George Harting, 7/26/05)
® Hybrid rocket propulsion — (history, technology issues) Cf,.,.,:n....:..c..,.. @

100 NASA Road
Hampton, W 23681.2199

¢ Potential for C&I Proposal Oscemb 2005

-y

e Centennial Challenge

Jim Beasoe, CEO

» SpaceDev Dreamchaser project — (X-34, NASA ARC)

Selvect:  Lewer of Cormniment for Sugpoet in Comreercial Orbial Trsaspornaion Servioes (OOTS)

e NASA Ames recommends HL-20 concept Stce Fighe Domsesruions Solkcsaicn

. . The System Asalysks and Cooosps Direosrms (SACD) of NASA Langley Research Comer (LaRC),

° G d g k h S p with vepport from the iLessarch 0d Techmology Directorae (ITD) and $yxersa Bagincering Directueae
- Harding makes contact wit aceDev (SED), i plessed 4 pride chaicalaxoerticn nd dats i eppeet f the developest of 8 cerpeisve

peoposal S he NASA solicitation entited. “Coeretercial Orbial Tronsportatien Services (COTS) Space

1'hght Demonsradions ™

.
F I rst S a Ce Dev Te I eco n - 8/10/05 Basad on your abyectives and plass for COTS fight demonsrations, we were very plaased win your
proposed wse of the NASA LaBC - developed HL-20 space vwhichs conzept with a plarnad development
of 3 Spacelev commercial space trraporteson system saing hybeid rochet progulsion. Afier overa

decade of resenrch and developensat of NASA LaRC, the Exploration Coecepes Branch, with other
imporsant LalC organizations, bas dh requiste knowledge szd expen ence, sualysn capabilitior snd

Several telecons on HL-20 — (9/05) e g

Insddticn, spon mscessfid OOTS selection, NASA LaRCSACD will ester into 3 NASA mslti-celer
Space Act Agreameat with SpaceDev for the purpoe of providing sverall NASA 1ochinical massgonont,
systems enalysis sappert, md relevant dscipline expenise fom SACD, RTD and STID. This letier serves

Original Commercial Orbital Transportation Services ot St 0f NASA LSKCSACD) o ecprcn, sty s perenel oo

n sccordasce with the conditices of e COTS scliciteam aad proposad NASA Space At Agretment

solicitation released — (10/28/05) A o o e b it s ey T A

Official visit, flight simulator/Hangar Mockup tours, and kﬁ.,llg.*@h,‘,

presentation to Directorate — (11/15/05) St Ay o

Ercicare

SACD Letter of Commitment signed — (12/6/05)

15 April 2006 SpaceDev Dreamchaser / NASA LaRC



Why was SpaceDev Interested in HL-20

Microsatellites m—

CHIPSat (Cosmic Hot Interstellar
Plasma Spectrometer Satellite)

Hybrid Propulsion

Hybrid Rocket Propulsion System:
SpaceShipOne 2004

SpaceDev Team 6/2004

-~ | >
Ve — « 3 -
— 3 S iy
\ -, W
) s
g

SpaceDev /Starsys Merge
10/26/2005

SNC Acquires MicroSat System
1/10/2008

SpaceDev/Starsys Acquired by SNC
12/16/2008

SpaceDev SS1 Motor Firing 7/2003



How did SpaceDev Start the Dream Chaser Journey:
S90k California Space Grant Part 1: 12/2004 to 2/2005

— —

First Dream Chaser was based on X-34
Initially for Suborbital Flights 12/2004
Then 2/2005 We Changed to Orbital...Why??

Key Personnel

1. Dan Rasky NASA Ames

2. Phil Smith - California Space Grant Foundation

3. David Kinney - NASA AMES (Not Shown)

X-34 Assets stored at North Base Edwards

* Al: airframe is air drop vehicle only, no TPS, no propulsion

* A2:95% assembled, fuel system, no motor, 67% TPS covering airframe, Circa parts are in boxes

tr !
\_ ey | %
o
p
. =

SpaceDev Jan to March 2005

M"l" w [

o) |



COTS Initial Rumors 2/2005
Space Grant Part 2: 3/2005 to 7/2005 + Increase From S90K to $110

Commercial Crew & Cargo Proglramyiiiter s,
Johnson Space Center ¢

" 5. G - 2/2004 NASA Awarded Kistler Aerospace $227 M for K-1 Launch Vehicle
LfEee s ® - Elon Musk Protested and NASA withdrew contract after GAO ruling

" CSO: JSC/NA Mark Erminger
Med/Heallh: JSC/SA Jefl Davis ..
¥

— - COTS Rumors of a pending proposal 2/2005

SpaceDev Pivots from X-34 to HL-20 3/2005
Based on Recommendation from David Kenney (NASA Ames):
“You very heard about HL-20” + Thermal Analysis on Re-Entry of X-34 vs HL-20

SpaceDev Final CA Space Grant Briefing to NASA AMES 7/2005

NASA COTS Key Personnel:
Laura Segarra
and
Valin Thorn

- _ ©2005 SpaceDev



LaRC H’L 20 |V|0Ck -Up 4/2005: Jim Benson + Frank Taqur

John Martin

Glenn Bobskill

Bruce Jackson

Dream Chaser — Based on HL-20:
Developed on the Previous Efforts of
NASA LaRC in 80’s and 90’s
Per Walt’s Earlier Presentation

Additional LaRC Personnel Who Supported HL-20 to Dream Chaser:

- David Glass, David Dress, Walt Engelund, Tom Horvath, Dale Reed, Jason Chenenko
- Kelly Murphy, Karen Berger, Bruce Owens, Chris Giersch, Ajay Kumar

- Clayton Turner, Lesa Roe, Long Yip, Judy Ward, George Ware, Kay Wurster

- Charles Cockrell, Mike Kirsch, Wally Vaughn, Andrew Carnell, Brian Barmore

- Stan Smeltzer, Max Blosser, Chuck Leonard, Ernie Mackley, Allen Wihite

- Julie Fowler, Melinda Cagle, David Piatak, Martin Sekula, Vince Zoby

- Matt Rhode, Tom Wolters, Bill Woods, Chris Cruz, Wallace Harrison



SpaceDev Dream Chaser Journey COTS I:
1/2006 to 9/2006

N#52  COTS Participants ‘ ‘ - b‘ .,,u

Received 21 proposals from 20 companies across the fulrs . A’ ¥
industry S i

D e e s negoliations = NASA COTS Proposal Announced 1/18/2006
Fes Proposal Submittal 3/2/2006
S e oribi il Finding (#1 to #5) 6/2006 to 7/2006
A, Final NASA HQ Briefing 8/2006
Down Select to (6) on 5/2006 Award 9/2006 to SpaceX + Rocketplane Kistler
Award 9/18/2006 “First Phoenix Moment” |
SpaceDev COTS | Proposal Team Jan to Aug 2006 Om

"~ -




2007 - 2009
JSC/SPDV Un-Funded SAA Milestones

Milestones Completed:

1.  Outer Mold Line Definition 6/2007

2. Suborbital Flight Test Plan 9/2007

3. Hybrid Rocket Motor Preliminary Design Review 12/2007

4. Hybrid Motor Firing 9/2009

88,000 ft MSL
Mach 1.3

Acquire Glide \\
path E! : T
- 7000 ft — __i _;?‘r.-a ___—_,:r—--i‘r-—:- ??"7
/\250. KEAS 5‘% g °
L] -
4 \4

Release

13,000 ft
Horizontal MSL
Landing

"\4 <200 KEAS




MileStone #1: Develop OML: HL-20 Wing Tunnel
Model to Dream Chaser Baseline OML - 6/2007

Modification #1 to Physical HL-20 Model

Included:

- Incorporated Wing Airfoil from LaRC
Aero [L/D from 3.5 ish to 4.1 at Landing]

- Windshield

- Tip Fin Changes

Airfoil cross section Tip Fins replace slab Tip Fins

Scanned data was paramaterized and lofted
into a useful ProE surface model by
surfacing expert Roger Hayes and Modified

by SpaceDev’s Jeff Hickerson Cateye windshield replaced with sloped,
5 facet windshield similar to full scale mockup

Transonic wind tunnel model was digitized and
output as a point cloud

Roger Hayes  Jeff Hickerson



COTS-2 Competition 10/2007 to 2/2008

COTS-1 ARGTUS

Rocketplane Terminated 10/2007

#

o B

Conrtainer

Transfer
COTS-2 Competition _ i \,

10/22/2007 RFP released
2/19/2008 Awarded to Orbital
Second Phoenix Moment

+

Andrew Space CSl/Loral Orbital Taurus Il PlanetSpace

« SpaceDev vs 9 Others:

. SpaceDev’s Dream Chaser™ is a
Andrew Space Reusable - Piloted Lifting Body

f)f) r) Derived from NASA HL-20
L Over 1200 hours of NASA wind tunnel testing
Seven years of development

® CS I/Lo ral Low Re-Entry Deceleration Loads (< 1.5 g)

Large Cross Range (1600km) — Frequent Landing
QOpportunities

d Orbital SCience Low Impact Recovery (conventional runwa: '
anding) : SpaceX Dragon T-Space

Exceptional Crew Safety; (Non-explosive space
® Planets pace vehicle propulsion)

Onboard hybrid propulsion & high lift provide

flexible abort options

® S pace H a b Designed for Commercial Transportation Service:

Simple-Maintenance, Quick Turnaround

. SpaceX SpaceDev Dream Chaser™ launch
vehicle options:

° T-S pa ce Sub-Orbital Hybrid Booster
Orbital Hybrid Booster Space Dev’s

? 7 ? Atlas V Booster 3
=" Ares Booster + Hybrid ; 0"" res Booster ¥ Dream ChaserTM




SpaceDev/SNC Internal Funded Efforts 2007 to 2009

ULA Key Personnel:

Bernard Kutter, Mike Holgu'in, Jeff Patton Project Description SpaceShipOne
] *Program to initialize development of the Dream 2004
Chaser for a NASA Human Commerecial ]
Transportation System to the ISS 16 kibf SpaceDev hybrid)

Technical Objectives

*Develop system requirements for human
transportation system to International Space Station
*Define the baseline configuration of the vehicle
*Establish orbital launch vehicle launch vehicle
configuration and interface

* Initial trajectory analysis for orbital flights Spa ceShipTwo
*Business case definition for suborbital flights and
other markets 2008
(70 kibf SNC hybrid)
Jim Benson

*  Founder of SpaceDev
* Company CEO from 1997 to 9/2006

SpaceDev at Space Symposium * Sold 2 successful software companies and became a retired
4/2008 millionaire (Compusearch and ImageFast of McLean Virgina)
Buzz Aldrin * Famous line: “Onward and Upward”

* Founded the ... Benson Space Company - 2007
* Died of brain tumor in Oct 9, 2008 at the age of 63




CCDev1 Proposal/Award 2009 to 2010

The Announcement was released on August 10, 2009. It divided the proposals into
three sections with one appendix, all due on September 22, 2009. Section 1 was an
Executive Summary, Section 2 was the Commercial Crew Capability Maturation
Plan, and Section 3 required Company Information. The appendix contained a
proposed Space Act agreement. Proposals were received from the following

A : ystoms
* Overall System
Design and Flight

Operations \ « Primary Structure
* Launch Vehicle Integration  « Mission Analysis
* Vehicle Propulsion

\ + Vehicle Integration NASA

* Integration to Launch NASA Research Center
Vehicle AMES Research Center

A + Aerodynamics

» Green RCS

* On-orbit GNC
+ Avionics

« Systems Engineering

« CFD and Aerodynamic Analysis
+ Atmospheric GNC

«TPS

» Systems Engineering

&)
« Human Rating
+ Aerodynamics Scale Model

SNC CCDev 1 Proposal Team 2009

companies (participants):

Ad Astra Rocket Company
AlphaSpaces

Andrews Space

ARES

ATK

Ball Aerospace

Bigelow Aerospace

Blue Origin

Blue Smoke

The Boeing Company

Dii Aerospace Laboratories
Exploration Partners, LLC
Firestar Engineering, LLC

Odyssey Space Research

Orbital Qutfitters

Orbital Sciences Corporation

Orbital Technologies

Paragon Space Development Corporation
Planetspace

S.T.A.R. Systems

Sierra Nevada Corporation

SpaceED - U.C. Davis

Space Exploration Technologies (SpaceX)
Stone Aerospace

The Expanding Universe, LLC

Thomas Lee Elifritz

Global Outpost United Launch Alliance (ULA)

HMX, Inc. Universal Space Lines

IE Group, LLC Universal Transport Systems

KT Engineering Vivace

Oceaneering Space Systems XCOR Aerospace
Blue Origin $3.7 million
The Boeing Company $18 million
Paragon Space Development Corporation $1.44 million
Sierra Nevada Corporation $20 million
United Launch Alliance $6.7 million

% % KA /2~ §-0f

Geoffrey T.Yoder Date

Selection Authority



CrEWEd Dream Chaser 2010 to 2014 Modification #2 to Dream Chaser OML

Included:

CCDeV1 -+ CCDEVZ - CCiCGp/CPC - Wing Airfoil Change

- Elevon Size

- Lower Body Flap Size

........

Integrjted WinthunneI Moldel: ETA — Engineering Test Article ETA — Engineering Test Escape6l>/£(())tlo; Firing
crewed Dream Shaser on Atlas ¥ Airframe - 2011 Team Article 6/2012

STR. BEDFELLOWS IN MILITARY ROTORCRAFT
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Dream Chaser Team
ETA Captive Carry Testing - 8/2012
Aviation Week Cover - 10/1/2012

“ Dream Chaser Team ‘Dream Chaser Team
CCiCap 10/2013 Termination of CCiCap 8/2014
Third Phoenix Moment Fourth Phoenix Moment



Cargo Dream Chaser - Tenacity 2015 to Now
CRS2 Contract Award 1/14/2016

Modification #3 From Crew to Cargo

Included (2015) SNC Funded:

- Added Cargo Module

- Solar Arrays

- Remove Windshield

- Folding Wings

- TPSTile on Upper Surface

=8 - No Escape Hybrid Propulsion ETA Displayed at Space Symposium
2 - RCS Changed from N20/Ethane to Eren & Fatih Oz4n/12ecr)11;VP Mike Pence

2 Peroxide/RP-1

- Launch Vehicle — ULA Vulcan

Rebuild of ETA 2014 to 2017
Successful ETA Landing 11/11/2017

Uncrewed Dream Chaser (DC100) e ‘ /
Pressurized Wings fold : '."“ . P Lot L
Cargo Storage inside Fairing o \
Powered ‘_‘
Payload
Capabilities
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% ze ) b S Tunnel/CFD 2019

15 g1 : ’ e’ Pressurized \ SR 4 % Tenacrty Test|ng - % N

Y: 9 . ;
“w .} 4 / A
Cargo Storage

L= Unpressurized - . A at Armstrong 2024 N\ RN Dream Chaser Team Tenacity 10/2023

Cargo Storage




Frank W. Taylor's
Linkedin URL

Thank You:
Frank Taylor
720-646-6023
frank.w.taylorl@gmail.com
https://www.linkedin.com/in/frank-taylor-84008ba8/
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