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Abstract
Historically, reusable and expendable launch systems have experienced rising and falling tides,
but also variations in approach.

Among reusable concepts, 1st stages combining aircraft and rocket features have been examined less often.

This case includes horizontal take-off and landing (HTOL) craft with wings and air breathing engines;
transitioning to rocket propulsion occurs at subsonic speed (M<1) and stratospheric altitude.

Stage recovery comes after separation of an expendable upper stage at rocket shutdown and subsequent
coast to apogee and descent — heading off ultimately to a runway.

The locally based Stellar J project examines this approach, addressing integration, performance, preliminary
design, missions and markets.

Scalability of the concept is examined based on constraints of hardware and markets.
Several applications prove promising, the most immediate: deployment of small satellite constellations.

As design has matured, aero-thermal and structural studies have become more and more focused and
hardware trades address the specifics of a design distinct in nature.

Triton Systems LLC Houston TX 77058 281 286-3680




At American Institute of Aeronautics & Astronatics “Space 2007” convention in Long Beach, CA Unknown to Dr. Ballhaus
Then Aerospace Corporation CEO & President Dr. William Ballhaus gave the keynote address. Triton Systems, LLC was working

to develop such a vehicle ...

N | : i« & the di .
Reviewing launch system development since Sputnik & the direction The Stellar-] >>

US should take for the next 50 years, Ballhaus recommended:

A partially reusable launch vehicle, concentrating reusability in the 1st stage;
A vehicle with wings, air-breathing jets as well as rocket engines;

Flying frequently, responding rapidly and able to deploy different upper stages
(expendable or reusable) allowing for flexible operations.

.
- @ ] e

% Reusable vs. % Expéndable Hardware

(Thiz example baged on 15 Klb to LED capability)

BIZSFERAoR -

Avoids 64% of ELV's
Expended Hardware (Kilb) expendable hardware

Reused Hardware (Klb) Avoids 69% of RLV's
reusable hardware

RBS has potential for more cost-effectiveness But there was still one key difference...

Triton Systems, LLC

Deskl1Triton@aol.com 3



Current (2008) programmatic references to “hybrid launch” vehicles &
reusable first stages assume vertical launch and horizontal landing.

LY

22" Annual Small Conference on Small Satellites

( August 2008 — Logan, Utah)

Historically this was not always the case.

0rgitol 18.833 Boost-vehicle Configuration
stage

Air-breathing boost vehicles can be designed
either for vertical launch and recovery or for

Expendable
stage

Y

Recoverable
stage
Air breother
(boost ond
recovery)
Soost rockel —=/_ ‘ Fig. 18.16 Horizontally launched air-
Fre. 18.15 Vertically launched breathing boost vehicle,

booster.

Though VTO vs. HTO design controversies
multi-faceted issues, we noted most participants to
Small Satellite Conference arrived in Logan via

HTO craft

due to

- proven operating capabilities,
- frequent launch opportunities,
- convenient infrastructure...

Compared to the VTO Alternative.

From “Air-Jet Propulsion Systems” by P. G. Kappus,
In The Handbook of Astronautical Engineering,
Heinz H. Koelle, editor, New York, 1961.

Triton Systems, LLC
Deskl1Triton@aol.com




The Planning for Partially Re-Usable Launch Vehicles
Was Based on Vertical Take Off

Shuttle derivative & upgrade
studies of the 80s & 90s
Included Liquid Rocket Boosters
to replace existing

Solid Rocket Boosters.

Beside expendable LRBs

In late 1990s, work included

Liquid Fly-Back Boosters

with wings and reusable

rocket engines, cruising back

to launch site in final sub-sonic flight leg
on jet engine power.

Booster power plants featured
newly available long-life, high
performance kerosene-LOX
staged combustion engines.
RD-180 and several alternates.
were rated for numerous starts.

Liquid Fly-Back Booster concepts, systems and hardware
Re-arranged and re-scaled result in the HTO reusable first stage (RFS) described.
But the launch system need not weigh 2000 tons at liftoff.

Triton Systems, LLC
Deskl1Triton@aol.com



100 -

Long Standing
REPRESENTATION

Upper Stage ]
“ . a0
%E%: Options -

The Stellar-J employs "
horizontal take-off and landing 1 | | Altitude
from conventional airfields : ! || (n.mi)
High a Re-entry
Rocket transitions occurs at ' Horizontal Landing 501
subsonic stratospheric cruise. Upper Stage 50,
_ Launch Climb-Out
Vehicle climbs to | From HTO *]

rocket shutdown
at ~150,000 feet
& hypersonic velocity.

Releasing upper stages . X e

ey

carrying payloads to orbit, e -2500 -2000 1500 ~1000 e ’

Time after takeoff (seconds)

The reusable first stage

returns to land & refurbishment. The concept scales for configurations from 35-350 tons take-off weight based on
Available high performance reusable engines.

Market research shows the opportunity for the smallest initial investment & earliest returns:
the small satellite market, payloads ~ 100-Ibs to low earth orbit (LEO).

A standing backlog of ~500 small payloads has remained for decades awaiting
launch opportunities with limited slots and market costs of $20,000 per payload pound.

Triton Systems, LLC 6
Deskl1Triton@aol.com
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Triton Systems

Stellar-]

(Page 5)

www.aiaahouston.org/newsletter/

September 2005
Cover Story, Page 5

BB

Triton Systems LLC Houston TX 77058 281 286-3680
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Launch
System
a
Unicorn?

Is There
Something
There?

Triton Systems LLC Houston TX 77058 281 286-3680




All Metal Construction

Triton Systems LLC

Houston TX 77058

281 286-3680
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X- 34 Nominal Flight Profile

40

30

% o

deg

10

- 10p 300
E : B Pl

E ol 250 |-

o - |

- i N \ — Mach
C L 200 B r._

- of M han

- - Altitude, -

C Mach | g 150

: ar :

: : 100F

Z_ 2 I .}.

C " 50§

- oL

Analyzed
To Fly Like X-15

But Never Flown

T

Note Feature

Time, sac

Fig. 4 WAGIS8D trajectory profile.

Triton Systems LLC

Houston TX 77058

281 286-3680

Composite Materials & TPS

Fig. 1 Artist’s concept of the X-34 configuration in flight.
Coast
Burny —
Q/é Descent
L1011 / TR
Launch  CoTRrBICRR et m
=T
Ignition after Boo S0 Recovery
separation maneuver Landmg__-..,_r -
" Runway
t Down range landing >|
Fig. 2 Typical X-34 flight profile.
10



Shuttle Endeavour over Houston en route
To Retirement 2012

Voici le modele OK-GLI de la navette spatiale soviétique Bourane,
exposée maintenant au musée technique Speyer situé en Allemagne.

Space Shuttle & Buran
Ultimately Launched from Pads
Re-Entry at velocities 4 times >X-15

Triton Systems LLC Houston TX 77058 281 286-3680 11



An HTOL with wings and air-breathing jet engines to return and re-fly the first stage makes sense if...

- The rocket engines are high performance, compact, reusable and economical
( cheaper to reuse than to replace, a lifetime of 20 to 30 re-starts

Dependent on: mg/m, = exp( -AV/(g ls)) for each rocket stage

mg: final mass before rocket burn m, : initial mass prior to rocket burn

AV: velocity change due to rocket burn ( measured in empty space w/o drag \ 3

Isp: Specific Impulse [ ( Ibf thrust/ Ib propellant/sec) units: seconds]

The jet engines and wings pay their own way in combination with the performance of the
rocket engines by reducing the burden of the rocket engines in flight to orbit - and assisting in re-entry.

The RDT&E (non-recurring ) cost and the operating (recurring) costs are competitive.

There are existing missions, markets and customers for such services.

The vehicle is comparatively flexible or versatile enough to go after them.

Triton Systems LLC Houston TX 77058 281 286-3680




Al

Valentin Petrovich Glushko
BaneHTnH MeTpdBuy Mywkod
1909-1989
Chief Designer RD-170
LOX Rich-Kerosene
Staged Combustion Cycle
Rocket Engine
Chamber Pressure: 250 bar
(Successor: Boris Gubanov)

Revolutionary

Products Made
Available in the
US in the 1990s

b

LTy
O ooy W, S
S OB

o4 P i an i
3 Colbgd P sa— . Sk
5 ryt v o a O = o > ) B A

Beside
High Performance I,
High Thrust to Weight

Engines Long-Lived

Nikolai Dmitriyevich Kuznetsov
Hukonan Amutpmnesny Kysneyos 1911-1995
Chief Designer of NK-31, NK-33 LOX Rich Kerosene
Staged Combustion Cycle Rocket Engine
Chamber Pressure(s): ~90 & ~150 bar
Vacuum Thrust ~ 90,000-Ibf

Triton Systems LLC Houston TX 77058

281 286-3680 13




Turbines

Oxidize
Pump

uel
ump

Control
Valves
Oxidizer-rich

Gas
Fuel-rich

Heat
Exanger

Nozzle

Triton Systems LLC Houston TX 77058

PUMP FED STAGED COMBUSTION CYCLE
(SEVERAL VARIATIONS)

Fuel-Cooled Nozzle
Pre-Burners turn Turbines
With “Unbalanced” Exhausts
Run Propellant Pumps

High Pressure Propellant Gas Mixes
Headed to Combustion Chamber

If turbine exhausts were
To be dumped overboard
in separate exhaust,
Combustion chamber
Pressures % to 1/3 less.

Engine volumes increase

Thrust to weight goes down

Low altitude specific impulse decreases
Due to exit pressure in expanded nozzle.

281 286-3680
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What is our answer?...

Triton Systems LLC

Houston TX 77058

281 286-3680
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We are moving toward an HTOL:
(horizontal take-off and landing vehicle
We see it as more versatile than VTOLs
With several physical advantages.

Triton Systems LLC

Triton Systems

Ellington Field or

Houston TX 77058

Any Other Spaceport

TritAn Quctame I RV IQL 2N

281 286-3680
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Stellar-J < 35-ton HTO
< 6-ton Upper Stage(s) & Payload
Isp: 1st St 300;

6 589 254

10 1229 1142
T (<3600-Ibs) ~100-Ibs

Triton Systems LLC Houston TX 77058

281 286-3680

Versatility
Stellar-J can select

- Ascent flight azimuth
like an airplane
with zig-zags or
switchbacks.

- Upper stages
based on mission
requirements or
development phase.

- Landing at launch site
or down range fields.

Ferry itself to launch
sites.

Flight tests without
rocket ignition.




It is our objective in sharing our experience in developing such a vehicle ( The Stellar-J) to relate
- Why do this? Does such a vehicle fulfill any need? Are there any advantages? Based on what?

- The history of development of such vehicles from our perspective
- Basic ideas about our launch vehicle obtained

- Derived from our experience with civil space programs

- Some of our own characteristic approaches to the problem

- Market considerations and how we identified them
- Customers or the Community of Users
-Scalability and Matching Vehicle Variation with Potential Mission, Market and Resources

-  Methods Used to develop the preliminary design
- Launch simulations, Propulsion Analysis, Aerodynamics and Aero Data Bases

- Structural Studies ( In search of the Delta Wing)

- Advancing beyond Preliminary Design
- Selecting components, partners, suppliers, contacting potential customers.

To relate the way we tie elements together: the effort at integration in design.

Triton Systems LLC Houston TX 77058 281 286-3680
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Stellar-J Elevator Presentation

s~ S

The Small Satellite User Community
Needs an inexpensive , reliable, launch system that can
Deploy satellites & turn around fast,

Grow with user needs,

Cultivate capabilities for the future such as:
Rendezvous & Return Cargo

Triton Systems LLC

The size of the community, both domestic & foreign, is large:
- Small Companies
- Civil & Military Offices
- Private Research Institutes
- Universities & Related Research Consortia

Its backlog stands at hundreds of satellites
in a $20K/Ibm payload market.

Our Approach:
Horizontal take and landing first stage
with wings and jet engines.

Rocket burn from airline cruise to typical booster rocket
staging.

Concept scales from 35 to 350 tons..
Capable of operating at conventional airfields
up to jumbo jet facilities....

Houston TX 77058 281 286-3680 20



Stellar-J Launch System:
Horizontal take-off and landing 1st stage with wings & air-breathing engines
Climbs to stratospheric subsonic cruise before igniting
Rocket engines and ascent to hypersonic high altitude burn-out.

Turbofan flight portion removes ~2500 fps from the rocket equation (1 & 2)
Requirement of ~30,000 fps ideal velocity to obtain orbital flight.

Recovering long-lived high- performance rocket engines & 15t stage elements allows:

- Order of magnitude reduction in first stage recurring costs ( => aircraft costs)

- Quick turn-around and frequent access to flight for payloads

- Self-ferrying capabilities and operation to & from air fields with facilities

- Flexible azimuth and inclination adjustments to launch windows

- Modular vehicle design adaptable to several markets (includes suborbital tourism).

Stellar-J Approach
Takes “Work”
Out of the
Rocket Equation

Triton Systems, LLC
Deskl1Triton@aol.com

1. Velocity Losses with Altitude: 2. Azimuth Velocity Work2 < Work1

Altitude (ft) ~(2 g h)°> Velocity (fps) Contributed by Jet Flight | Constant =mv?+mgh

---------------------------------------------------------- 0.7- 0.9 M at altitude | TE3 (orbit) =KE3 + PE3 =...
10,000 802 < 1000-fps TE2 (flight) =KE2 + PE2 + Work2
35,000 1,500 TE1 (ground) = KE1 + PE1 + Workl

350,000 < 4,745

21




Visible Spectrum - Wavelengths in nanometers

400

Ultraviolet
(LV)

RESEARCH

550 600

450 500

DESIGN
&
ANALYSIS

"If we knew what it was we
were doing, it would not be called
research, would it?" < Albert Einstein.

Courtesy of Professor Dave Garrison

“Now see what happens when
you change this...”

< Engineers who think they know
Where they’re going.

Triton Systems LLC

Houston TX 77058 281 286-3680

650

DEVELOPMENT
&
TEST

“Let’s take a look at the
results and the schedule...”

“Stellar-J to tower...”
< Production.

22




LONCENIrgior -

I asss

Triton Systems LLC

Houston TX 77058

281 286-3680

Those are NOT our vehicles.

NASA Glen Research Center
In 2011 was interested in
Beamed Energy Propulsion.

Concepts were based on

laser installations on the
ground or in space focusing
microwave, visible or

infrared radiation on spacecraft
mirrors or concentrators

to provide propellant heating
without combustion

or nuclear energy.

23




Power Station Acquisition Angle from Zenith

(e.g.,0=6009)
Sweep Angle By for Higher Orbit within Acquisition Angle
(measured from center of Earth)

Sweep Angle B for Lower Orbit within Acquisition Angle
(measured from center of Earth)
Zenith Line from Beamed Power Ground Station

AR : Ground Site to Spacecraft

Ry+H
e o |
.~/
Ry2 + (Ry +H)2-2R Hoos[3=‘\R2 '
0 0 0 ' Ro Earth Radius Y. gpacecraft Altitude above Earth Surface
Initial § at Acquisition 0
AR changes with B(§) =B, ot BEAM SPREADS LINEARLY WITH AR.

© angular rate effected by both orbital rate and Earth rotation

Triton Systems LLC Houston TX 77058 281 286-3680

What did that have to do with
Stellar-J and Triton Systems?

Triton working as a
Subcontractor with the
Orbital Technologies team on

NASA Research and Technologies
Contract for Aerospace Propulsion
Systems

(RTAPS)

researched beam energy and
examined how
Stellar-J Vehicle could be applied

. 27?

24




Out of Plane Spacecraft and Rotating Earth, Initially Circular Orbit "1‘:____,
Nd—7
X, = Beamed Power Ground Site
X, = Orbiting Spacecraft ( assumed circular ( initially)
Xy 0 X /X 1%l = (xyX,+y, ¥, 42, 2)) [ [Ry(Ry + H) ]
Whether laser beam source in space

X, = Ry ( €OS ag, €OS dg, , SiN agy, COS gy, SiN b, ) or on the ground

= R, (cOs A (1) cos ¢E, sin A(t) cOS bg, Sin ) where & =, + og t geometric constraints & attenuation

affect power delivery.
X; = (R, + H) (cos ag, cos iy, , Sin ag,, COS 3y, 8in dg, )
For ground-based case,
orbital window limited by
overflight & nodal regression.

= (R, + H) (cosQ cosh® -sin cosisind*, sinQcos 0" +cosQcosisb®, sin isin0*)

Rotatng Earth Non.Coplanar Orde

g, 85 @ celestial coordinates right ascension and declination
for unit vectors 1 and 2. e
But on ascent, activity Is also
i: inclination . _—
" geographically limited.
Q: ascending node, corresponding to right ascension £
position of orbit crossing northward E Could beamed energy power
- an upper stage?
0" for circular orbit, great circle arc from ascending node 3
-0 X0 "o ‘0 0o X0 X0

Triton Systems LLC Houston TX 77058 281 286-3680 25



Upper Stage Ascent Profiles
High & Low (“Demo) Energy
RLV First Stage Ascents

Single and 2-Stage Expendables
Higher Specifc Impulse (CH4)
Lofts ascent flight path.

Nomlnal RLV Stage

Demonstrator 2 stage Expendable
Nomlnal Slngle Expendable Upper

LCH4 —fueled 2”d Stage

Beamed Energy Constant Thrust
Upper Stage Time-Altitude Profiles
Compared to Nominal Chemical
Engines 350, 400, 450-sec
Specific Impulse .

Beamed Energy Cases:

500, 600, 800-secs.

110 4

Altitude (nmi)

35

..
TAW and Isp o?
1 o?

time (seconds)

0 36ton Nominal + Demonstrator ¢ Nom 1 stage Nom 2-stage »  Demo 2-stage LCH4 340secs Isp

IIB Upper Stage Varied lsp i 722\
Chem 350450 secs; RTL, 500-800 secs W

Start at 1664.secs after Common lIA

e |IA & Guidance Solutions Start

1425 1475 1526 1676 1626 1675 1726 1776 18256 1876 1926 1976 2026 2076

time (secs)

[-o-11B 350-sec ——400 ——450 500 - 600 -+ 800-sec RTL |

Triton Systems LLC Houston TX 77058 281 286-3680

Specific impulse (ISP)
could be higher than
Chemical systems

(500 to 800 seconds

Vs 300 to 450),

buthow much power

is needed for equivalence
in thrust

to a chemical engine?

26




Orbit
Insertion

Launch Site
or
Alrield
. Azimuth
'\ 270°
Entry Altitude h
Higher/Lower Exit
RTL Fower Window
Turbofan
Crulse ’/
- ceet
: Rocket ignition
Launch Site b \ Expendable 1st Slage
ar y - @ee ROUSADIG 181 Stage
o / / / J
800 - Down Range Distance

700 -
600 -
500 -
400 -
300 -
200 -

100 -

With & without Bank Maneuver (180° Turn)

Azimuth (deg)
Down Ranae with Roll Manauver ()

Range Deita (nmi) 'f
Altitude (kft) ¥
| : f
Bank Angle deqg ¥

n.mi., altitude (kft) and degrees

(=]
.

L

anshe

500 1000 1500 2000

time (seconds)

2500

1st Stage winged RLV

(Reusable Launch Vehicle}

Flies out from launch site,
deploys expendable upper stages
with terminal stage flying over
G/S beam energy site.

1st Stage RLV

Time- Altitude Profile
Down-Range Distance
With & without
Banking Turn
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Table 1.3 Stellar-J Terminal Weights Based on 2" Stage Scaling and Isp Variations
Actual Payloads To Be Determined Based on Stage Mass Fraction A,,.»

My, + mpp + mpp Separation Weight: 12,000-Ibs  myp = 4160-Ibs Thrust = 2610-1bf

RESEARCH
Igp: 320 350 400 450 500 600 800-secs
Final; 1602 1772 1929 2095 2238 2478 2811-1bm
Power: - - - - 56.9 68.3 91.1-MW
my, + myp + mp; Separation Weight: 4,000-Ibs myp = 1386-1bs Thrust = 870 For various thrust and
specific impulse levels
Lsp: 320 350 400 450 500 600 800-secs equivalent megawatt
Fillal: 534 590‘ 643 698 T46 826 93?-“)1]:1 Fu” eff|c|ency power’
Power: - - - - 19.0 22.7 30.4-MW
Power received at
Stage IIB I(secs): 320 350 400-450 500-800
the spacecraft
- in blue bold.
Fuel & Oxidizer Kerosene-LOX CH4-LOX LH2- LOX LH2
Receiver technology:
Chemical Combustion X X X &Y
TBD
Beamed Energy X

Triton Systems LLC Houston TX 77058 281 286-3680 28



The preceding account is a “research anecdote” about examining a new vehicle concept.

But it demonstrates possibilities for the launch system based on its versatility and potential adaptability:

1. Capability of launch from a runway and flight out to various headings or azimuths.
This not only allows acquisition of various orbital inclinations and ability to match tracks for rendezvous,
it also allows over flight over specific geographic features.

2. The expendable upper stage system base-lined as 2-stages (II1A & IIB) provides a simple common
boost element (IIA) and an adaptable mission oriented terminal stage (IIB) trading propellant,

payload and bus features.

We will talk more about other features in the following sections.

Subsequent material from presentations

DESIGN Will be re-examined from an instructional perspective.
& - !

ANALYSIS

Triton Systems LLC Houston TX 77058 281 286-3680
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Sequence
Computer Tools: Some Discussion about means developed to obtain initial analyses.
Computer Output in Plots: Vehicle Characteristic Behaviors and Variations

Vehicle Layout: Moving out in all directions from examinations of simple trajectories
elaborating on
- mass properties and transformations in phases of flight
- aero and thermodynamics,
- control systems ( flaps and thrusters) and stability analysis DESIGN
- materials responding to stress and stain &
- hardware selections such as jet engines...

ANALYSIS

Accommodating Missions and Markets (Optional/Questions)

Establishing Criteria for Trades (Optional/Questions)

Triton Systems LLC Houston TX 77058 281 286-3680
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Home

The Program to Optimize Simulated Trajectories Il (FOST2) is a generalized point mass, discrete parameter targeting
and optimization program. POST2 provides the capability to target and optimize point mass trajectories for multiple
powered or unpowered vehicles near an arbitrary rotating, oblate planet. POST2 has been used successfully to solve a
wide variety of atmosphenc ascent and entry problems, as well as exoatmospheric orbital transfer problems. The
generality of the program is ewidenced by its multiple phase simulation capability which features generalized planet and
vehicle models. This flexible simulation capability is augmented by an efficient discrete parameter optimization
capability that includes equality and inequality constraints. POSTZ supports NASA's Strategic Goal to expand the
frontiers of knowledge, capability, and opportunity in space by directly contributing to expanding our human and robotic
presence into the solar system and to the surface of Mars as well as other planetary bodies.

Others

SORT: Space Optimization of Rocket Trajectories
OTIS: Optimization of Trajectories by Implicit Simulation...
SVDS: (Historical: Shuttle Vehicle Dynamic Simulation: 6DOF & GN&C(C)
We developed a family of our own: For reasons to become apparent
LAUNCH, AEXTRAP... ( Progenitors for ballistic launch, orbital finite burns, propulsion trades)
JETF)...1,2,3,..6,7 - Working tools for HTOL with wings & jet engines

Trajectory Simulations
Concentrate on Paths,
Not Design.

Ascent Simulations:
Numerical Integration &
Optimization Methods,
Largely for

2-Point Boundary
Problems.

Simulations with
Rocket & Jet Engines
(with wings) grew

Up in separate homes.

Multi-Discipline
Optimization?

Research

Triton Systems LLC Houston TX 77058 281 286-3680
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I = FAAI9T12~-1JETFI17.EXE
7 1.

First data case is default.
Enter ## to zelect subsequent cases.

iconf . wgtBi, tmagi. neny . cisp, VEX, g8, akf
tmagrlk, cizpv,., cispsl, wjetf,. rprop,. ustwugt, izp, thest
toffjt. tonrk., toffrk. pitrtc. pitchi. alphae. nrock

iiabh ., fuel 1-3, clmZ2ai, clm2bhi, wisp2hi, thrs2hi, paylodi, »xmril, xmri2, xmrid

icode, wingldi, Wareai, clmbLEi, c¢lmnBTEi, hspani cti, cri, ctce

Mominal 1 NKE-31. 2 BMRV18=. Upper Stage. LsD = .91
i 6BAGAA.A 200668.A 2 7200.AR 25AA.8AA 18%4.80 1 .°A860A

700900.8 335.88 2VE_54 #0AR.A 3JePOA.A 1Z2008.8 3JOA.8 76000
13568.48 13868.4 1435.9 .168d9 i8.9 45 .8 i
i 1 2 1 -856004 BeiY 3Za.AA 13@5.88 IA.AA 2. 60 1.68 2_20@
i 42 .80 1637.004 45 @@ - Ba 420 .04 72._0A 490 .88 -BBEA
Mominal 1 NE-31. 2 BMRY1i8s, Upper Stage. LsD = 5.91
2 nhBEAAE.A 200664 2 720A.AA@ 2580.80 18794.88 1 .0888
00AA. A 335.88 2VE_54 80AR .8 3I6c006.8 EEAA.A 3I06.4 4800 @
13568.48 13868.4 1435.9 .168d9 i8.9 45 .8 i
i 1 2 1 -856004 BeiY 3Za.AA 13@5.88 IA.AA 2. 60 1.68 2_20@
i 42 .80 1637.004 45 @@ - Ba 420 .04 72._0A 490 .88 -BBEA

?

Trajectory Initial. Intermediate & Terminal Conditions

Event Time Altitude Urel Gamma Uinert Height Latitude
Take—0Off : A. 10@. 311.3 A 1645.9 6KBAAA.A 279.880 928,
16,6008 ft: 481 . 18885 . 949 .2 1.787 2284.4 w7213.9 29.880 98,

435,000 Ft: 1168. 35815. 806.8 3I_178 214Z2.9 66462.9 29.880 98,
Ignition = 1388. 40924 . 83.7 3J.583 2841.8 66362.7 27.88 9728,
Shut—down:=: 1398. 106941. 3757.3 22.797 L89B.7 42365.9 279.88 9728,
Apogee : 1464, 165391. 2982.8 216 4247.9 32343.5 279.80 98.
HZ max : 1382, 41138, Y63.8 6.784 2181.8 65V56.8 29.880 98,
25k Start: 2788. 25885 . 962.9 1.325 2299.1 320863.8 29.880 98,
T—final =: 3488. 46848 . 236.7 2.599 22V4.3 31535.8 27.88 9728,

Additional Minima and HMaxima

gqdot down:
Fl

MECO state initiates upper stage sSequUENCcEe.

Az

5]
5]
5]
H
H
5]
5]
5]
H

Qmax : 115. 118%9. 9%64.4 1.818 2297.1 67777.4 29.88 ?78.
Qmax buern: 1343. 8756, 2811.4 19.989 3349.7 547247 29.88 90.8
Qmx entry: 1398. 188393. 3V3I8.4 22.825 5LAV?.T? 42897.2 29.88 9%8.84
gdot up = 138%. 186%41. 3757.3 22.797 LA?8.Y  42365.7 29.88 9%8.H
152@. 135458. 2819.5-18.148 4162.8 32343.5 29.88 8.9

b=

- -
il Nl L f o R

[ERN s = Y O o= T R

Representations of
Nominal Trajectories

1.
PLOT UARIABLES

Altitude <feetr
Alpha

Jet thrust<h,vr
Drag accel

Wdot <lbh-ssec

1 Time <zeconds? P
PLOT L Gam Rel. Cdeg» b

PACKAGE | Eat e T
VARIABLES

Wgt per SFC 18

Q-har (lh-/Ft==2) 22 Q=alpha

sensed accel 26 zens acc. dir.
>> w CFtD iad y (Ftd

ydot <fps> 34 zdot {fp=l

Temp adia wall 38 Temp <R> amh

Qload tot 42 Elevator deflect

Cm{HM.alpha.cgl 46 C1 <mach.alpha

ald3d? 58 Yingload 1h-sft"2

Mach Humber
Weight C(lbs>

3 U—relative <fps> 4
<<L ? Pitch  <(deg> 8

11 Rocket thrust 12 Grav accifps==2)

15 Thrust accel 16 Jet Uex <fps>
1st STAGE 19 Hormal load 28 taccel

TN 1 T

atitude eq phi an

SUMMARY 31 = <ft> 32 wxdot <fpsd

35 azmcfCta 36 Temp eq wall

3?2 Qload wp ¢htus?» 48 Qload down

43 cg in flight 44 Cm C(mach.alpha’

aldi>
n amhient

48 al<2>




H{nmi), Weight{KIb), Thrust{kib)

17Juldd Stellar J 35, 12K Upper Stage

1000 g = o | Hlustrative Flight Parameters
++7F+
* a #"‘H First Stage Ascent Altitude (kft)
80 ff
. (\fﬁﬁ* Exp-endable Upper stage Altitude (kft)
- single stage

60 4

15t Stage Rocket Engine Thrust (klbf)
50 1 1
40 - ﬁ?-b Weight of 1t Stage (klb)

- with & without upper stage
7 - no jet re-start
20 Expendable Upper Stage Thrust (klbf)
01 Expendable Upper Stage Wgt ( (klb)
’ '"'""" 500 '1E;DD '15;;]I] EE;I]I] EEI'rI]D 3000

time [seconds)

—£=—Hstgl ——Hstg2 ——Wqt ==—Thrust stg1 ——Wqgt —Thrus-tstgz|
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Stellar-J 35-ton: Nominal Ascent with Single Upper Stage

Minimal Ascent with Reduced Upper Stage (A& lIB)

6O0000 - e
550000 -
500000 - i
450000
100000 | Stellar-J < 35-ton HTO
< 6-ton Upper Stage(s) & Payload
T 350000 - g Isp: 1st Stage, 300; 2nd 320-secs.
% 300000 - 4 Payload Results
- FoF Lambda: 0.92 0.90 0.875 0.85
200000 - }7} Vo 1-Stage: 1147 906 589 254
150000+ & %, Demonstrator (<3600-Ibs) ~100-Ibs
100000 - F E'"“====_
B0 - . M-.. e R = S
I e Mm. , —HEHeE Booos
, ; . , , ﬁmWH"'-H—H—- ; .
1000 1250 1500 1750 2000 2250 2500 7750 3000

time {seconds)

|—=—35t-:-n Heminal —— Deamonstrator —— Hom 1 stage —— Nom 2-stage ——Denw 2—51nge|

Triton Systems LLC Houston TX 77058 281 286-3680

For the 15t Stage winged, reusable
component of the Stellar-J, climb-out
from subsonic stratospheric flight under
rocket power exerts both mechanical

& thermal loads.

Mechanical loads gather near the
wing roots ( discussed elsewhere).

Thermal loads concentrate at
leading edges and tips.

Results for Thin Surfaces:
Upper & lower tip chord
leading edges of wings
vertical tails and winglets
subject to highest
Temperatures at highest
Thermal fluxes dqg/dt (BTU/sec/ft2).

Upper Stage Separation Wgts
Based on a nominal value.

Margin Dependent on Wing Design

34




350000

300000

250000

Altitude (feet)

100000 4

50000 4

350000 -

300000

250000

]
]
]

Altitude (feet)
@
2
E]

100000

50000 1

wgt 68k, Pl 3ton, Varied bum
04 Dec 2015

(A)

200000 4

150000 4

Principle Flight Variations (C)
-Ascent Burn Times (A)
-Re-Entry Alpha (B)
-Upper Stage Payloads (C)
- Banking Maneuvers (D)

500

(B)

1500 2000 2500 3000 3

time (seconds)

Re-Entry Alpha 45, 35, 30, 25, 20 D
135-secs Burn & 3-ton Upper Stages

500

2000 2500 3000 3500

time (secs)
—B—case 02 ——07 ——08 —=—09 10 ——11]

Triton-Systems-LLC Houston TX 77058

4

Altitude {feet)

n.mi., altitude (kft) and degrees

GOOOM -
550000 -
500000 -
450000
400000
J50000 -
J00000 -
250000 4
200000 -
150000 4
LLLULL IS

50000

800 -

700 -

600 -

500 -

400 -

300 -

200 -

Stellar-J 35-ton: Nominal Ascent with Single Upper Stage

Minimal Ascent with Reduced Upper Stage (lIA& [IB)
e x@\x

Stellar-J < 35-ton HTO
< 6-ton Upper Stage(s) & Payload

Isp: 1st Stage, 300; 2nd 320-secs.

Payload Results
Lambda: 0.92 0.90 0.875 0.85

1-Stage: 1147 906 589 254

Demonstrator (<3600-lbs) ~100-Ibs

time {seconds)

Down Range Distance
With & without Bank Maneuver (180° Turn)

Azimuth (deg)
Down Range with Roll Maneuver (nmi)

No Roll Mar ¢ nmi y.
Range Delta (nmi) ){’
Altitude (kft) ;(

Bank Angle leg F

0 500 1000 1500 2000 2500 3000

281
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time (seconds)
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*—l . Performance Envelope Analysis: Altitude, Q, Velocity, Mach

VTO Max Q Modulated by Rocket Throttle Early Max Q on HTO Alleviated with Jet Throttle
VTO (T/W)o Determined by Pad Clearance Secondary Max Q — No Rocket Throttle Required
HTO (T/W), Lower — Different Engine Out Criteria
65
< Sonic
4 Velocity
59 SHio Nominal VTO {fpg].
Re-Entry Track Re-Entry Region
Ahort Cas es '
Further Right= )
45 - Dyanamic Pressure Contours
{psh)
e 35 | HTO
< Rocket Ignition N T
m I'-
°
2
£ 25 - HTO Ascent
< No Jet Throttle-=
Jet Throttle Cases
15 | Further Left < VTO Max-0
with Throttle
near M=1
5
300 400 500 600 700 800 900 1000 1100 1200 1300 1400

V-Rel (fps)

| =1 e HT ) it TO) e =500 BO0 —e—700 |
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Velocity (fps)

HTO Ascent & Re-Entry
Heating Rate (BTUIft*2/sec) Boundaries

12000 -
11000 - __
pe— Ram!Scra_m Jet 15 BTUM*2/sec s 10 _/5BTURA2isec
Hypersonic RFS
9000 - Reside in

so00 4 High g-dot Regions

L= —_— i,

7000
6000
5000 Low Mach

] Rocket Transition
4000 - Provides Low g-dot
3000 { W10 Ascents Quick Transit

<-HTO Re-Entry
2000 -
1000 4 Aenind
01 : . ‘ ‘ . .
0 50 100 150 200 250 300 350 400
Altitude (kft)

[=5=5 10 15 =s=HT 0 Ascent-ReEntry |

Triton Systems LLC Houston TX 77058 281 286-3680

37



=
~ Strake
T Wing-Strake /
. Fuselage Int ;
/ ntercep Wing Tip
l — Leading Edge |
A} ]

Leading Edges

—

Hpperips

Lower Tip

- W S - :
I /\]—“\Qx Vertlc.al Tail
L 2P \x\Tlp l_

e —

L vV

75

Earlier work examined external wing component geometry, & aero-thermodynamics

Triton Systems LLC

Houston TX 77058

281 286-3680
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Down Range (nautical miles)

1000 -

800

200

700 -

600 +

500

400 -

300

200 4

100

Re-Entry Alpha 45°, 40°, 35°, 30°, 25°, 20°
1350secs Burn & 3-Ton Upper Stage System

Varied Aero Surfaces
Affected by LE Sweep& O

|

PR
,,,,,,,

ARange ~150-nmi

AEntry o ~- 25°

dAR/da = -6 nmi/°

—B—caze 12 +—07 ——08 =09 ——10 —— 11

Tip Chord
Winglet

45°0

o alpha

10
25
35
45

Sweep
45
55
70
80
90

35°

o alpha
0

10
25
35
45

Sweep
60
50
35
25
15

500 1000 1500 2000 2500 3000 3500

time (secs)

RE-ENTRY ANGLE OF ATTACK EFFECTS OVERALL RANGE

Triton Systems LLC Houston TX 77058

Typical Thick Symmetric Vertical Tail Airfoil

281 286-3680
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Stellar-J
Design Reference Mission
Ascent & Re-Entry
Peak Heating Conditions

Aero-thermal Heating

Rad. Equil. Temps. (F)
Swept Cylinders, Turbulent BL
M=6.527, h=208.57Kft., gbar=7.616psf, e=0.9

lllustrative Stagnation Temperatures

80
Associated with Leading Edge Features

Aiglove |
1000° F contour Temperature Selected to

A, wing | 60 illustrate limits at glove (strake) & swept wing.

o

@

% High sweep glove close to fuselage,

& 40 Probably bulged for wing root spars &

% Utilities vs. low required radius.
Outboard taper could bring

o Stagnation temperature to high levels
Particularly close to tip chord &
Winglets.
0

Curves Beg Question:
Are there Empirical Relations?

~

Triton Systems LLC Houston TX 77058 281 286-3680 40



Cl/alpha

1.20 1.20
1.00 1.00
0.80 0.80
0.60 0.60

0.40 0.40 1
0.20 0.20
0.00 0.00 -
-0.20 4 -0.20
-0.40 1 -0.40
-0.60 -0.60

Nominal Stellar-J Selection (+ Trades)

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 -15.0

-5.0 0.0 5.0

Cm/alpha

Cd/alpha

0.02 0.20
0.01 A 0.18 1
J

0.00 0.16
-0.01 0.14
-0.02 0.12
-0.03 1 0.10
0.04 0.08
0.05 0.06
0.06 0.04
-0.07 0.02
0.08 - . 0.00

-15.0  -10.0 -5.0 0.0 5.0 10.0 15.0 20.0 -15.0

Triton Systems LLC

Houston TX 77058

lars for NACA 64-208 (naca64208-il)

Plot  Airfoil Reynolds # Hcrit Max CliCd
Jr] recese20sil 50,000 9 288 ato=4.5
Pz neces4z0gil 100,000 9 45.3 atg=3.75°
PO recessz0sl 100,000 5 428 ato=35°
P[] recseszosl 200,000 9 58.9 atg=3.25°
O receeezosl 200,000 5 533 ato=3
P res=eez0sl 500,000 9 7.8 ate=2.75°
PO recseszosil 500,000 5 60.7 ato=2 5
P recscszosl 1,000,000 9 E0.8 ato=235°
ID nacaB4208-il 1,000,000 5 70.1ato=5°
Reynolds number calculator

281 286-3680 41



Component Weights Available from 1960s Programs W9lght Estimation Process:
Delta Wing Aircraft B-58 F-4B F-102 F-111* Level 0 Estimate | Level 1 Estimate | Level 2 Estimate | Level 3 Estimate
Empty Weight
Total Weight 163,000 43,588 31,263 90,453 Sruchre —
Skin
Wing Group 12,156 4,538 3,000 8,400 Spars
Ribs
Excepting B-58, Wing fraction ~10% of Total Weight. Sringers
Fuselage
Empennage
What drives difference? Landing Gear
Propulsion
Materials, maximum g-levels, technology adapted?... Bare Engine
Nacelle
. . L. Systems
Examining hardware & performance uncertainties, Electrical Equipment
Required wing weights to meet Flight Controls
Mission requirements & thermal environments Avionics
Currently among the least understood or defined. Interiors/Payload
Furnishings
Cargo Compartment
Fuel Weight
Payload Weight
Crew Weight

Triton Systems LLC Houston TX 77058 281 286-3680 42



Spars

1. resist bending and axial loads
2. form the wing box for stable torsion resistance

& 4 @ "\\\ Buslt up web - Sune-wave wed
Qult4p s —
mthntd

k-\' p chareel @ xmr;::r:fg

truss
Frome tryss
3 - rot recommended

Ribs and Frames
1. Structural integration of the wing and fuselage
2. Keep the wing in its aerodynamic profile

Triton Systems LLC

L ongplucingd
slnngoes

Cover Skn

Skin
reacts the applied torsion and shear forces
transmits aerodynamic forces to the longitudinal
and transverse supporting members

acts with the longitudinal members in resisting the
applied bending and axial loads

i niththal e tina.t}

hoop, or circumferential, load when the structure is
pressurized.

L] Stiffener or Stringers

=
=

3

resist bending and axial loads along with the skin

divide the skin into small panels and thereby
increase its buckling and failing stresses

act with the skin in resisting axial loads caused
by pressurization.

stringers

R

Houston TX 77058

281 286-3680 43



MNACA 64-208 as
-SteHar-} Tapered Wing: -

Dithedral & Sweep For a swept wing with spars orthogonal
Sweep ~47°, -

wame | | to the fuselage, spars intercept tapered airfoils

- | Trailing Edge:
pedrlTse At different stations.

Root o Tp: 72/46

- Zussmenased | Making an estimate of maximum span-wise

wsmsowssse || heights across torsion boxes bounded
' ' by ribs becomes more complicated,

but within bounds of analysis.

T Spar | 1007
= Prace i Kk Pt o W N
90" ® . e . . . AS0 . S . :
Createhord. | L n L . T ChedmBIE LB wolchoed | A CemARedw o L A
Py B - — UTS
mf 3 . ﬁh*w W. . . 5 . w R g . .
' Il - . " ot R 5 2487, 100
™ & . Chard Bl & Jda*, 1067 U tigs . . " = \\ . - L.—luq;-qi ]
N : : : E'f:fi'&" : : : : T : Yield stress
..... ™ ' T FoRP - T e T g Fracture stress
. . k]
o A v N z
B - v - e 7t Spar W =
. b 7 0 Gpar V1 . . 1Y ot =
- 145" iplad . \ E
=l Y 0 O O T O o P = g DS e || 8 GN&C types:
M. . L . WO ToRel . . . . \ - e 1] . i= . . . l
s o : =
A . O . w L T This is not a wing!
. . i ; | . . . . b — .
A v ) | = 2 ) il . : \*: e
1
) - . ¢ 1 . . . . AN ) .
o i " |h = - a3
""" e L o '“B':.h;ﬁné o xi_,____________ e s Hall Spanl - ° F. >
. 3 T 5 . I . . . . . . - - -
e F li B a1 i '-1 L :'E . . . \*\‘ ' EHQIHEEHHQ strain
. . . . . 1 3 ‘4 5 & - 7T Il a. 10 .
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UTS

Yield stress

Fracture stress

Elastic Region vs. Plastic

Material bounces back but subject to fatigue over n cycles (~10°)

Spars and Ribs of given alloys behave like springs with
With spring constants “k” related to linear slope dc/dec or
Young’s Modulus E or G for linear or angular stiffness measures.

Engineering stress

— ; -
Engineering strain

This diagram’s characteristics vary with alloy — and ambient temperature.

Triton Systems LLC Houston TX 77058 281 286-3680
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Alloy Characteristics Loaded into “WingMod” (e.g., See www.matweb.com & www.specialmetals.com)

Stress o  Stress Elong Mod  Poisson Shear Ac,/Atemp AE/AT Temp
Computer Rho Ultimate Yield E Ratio ° Strength Range
# ALLOY Ib/cc kpsi kpsi Fract Mpsi kpsi Kpsi/° R Mpsi/°R °R
1 Al-Li 2090 T84 .0936 76.10 68.20 .0500 10.00 .340 46.40 ? <750
2 Al 221976 .1030 55.00 37.00 .0200 11.00 .340 - ? <750
3 Al-Li 8090 T3 .1030 49.30 30.50 .1200 10.60 .340 - ? <750
4 Al-Li 8090 T81 .1030 63.80 49.30 .1300 11.20 .340 - ? <750
5 Ti6AI2Sn 1.5Zn .1630 151.00 136.00 .1900 16.70 .310 - -.05 460 to1260
6 Ti8AIIMo 1V .1580 171.00 155.00 .1700 17.40 .320 - ?
7 Inconel 718 .2960 199.40 160.00 .2500 25.00 .300 - -.0340 -0.004 460 to 960
8 Steel Maraging .2890 150.00 110.00 .1800 27.60 .300 - ?
Sample Calculations - Fixed Volumes, Number of Spars and Ribs dE/dT & do,/dT
Component Total Volume Alloy  Total Mass Alloy Total Mass exist & <0
# Name (in73) Code (Ibs) Code (Ibs) :
1 Spars 11298.2 1 1057.5 1 1057.5
2 Ribs 12326.8 1 1153.8 2 1269.7
3 Leading Edge 1425.9 1 133.5 5 232.4
4 Skin 5705.9 1 534.1 1 534.1
Total 30,757.8 2878.8 3093.7
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Structural Analysis and Influence Coeflicients

for Delta Wings’

SAMUEL LEVYY
National Bureau of Standards

SUMMARY

A method is presented for determining the siresses and de’

formations in delta wings of multispar construetion havins chord-

wise ribs and thin cover sheets. The spars need not bz parallel,
and the cover sheets can have large cutouts. The individual
spars may be clamped, simply supported, or free at the root.
The method is based on the interaction between the bending
stifinesses of the spars and ribs with effective cover sheet and
the torsional stiffness of the cover sheet. The method 1s well
suited to the use of high-speed computing machines,

The method will be presented in a form particularly
suitable for use with cutomatic digital computing equip-
ment, since such eru,,rzu:qent is finding increased use by
aireroit comnanic t is felt that the use of such
equipment is Lﬂ.p'?:-'?ii‘i.’ﬂ if the caalysis time for highly
redundant structures, such a5 delta wings, is to be kept
low enough to ollow several cltemmaotive conficurations
to ke azalyzed in o reaserzble leagth of time,

PRI . [P, [T

Levy, Samuel,” “Structural Analysis and Influence Coefficients for Delta Wings*,
Journal of the Aeronautical Sciences, Vol 20, July 1953, No. 3, pp. 449-454.

Triton Systems LLC

Houston TX 77058
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Premise of “Analysis of Low-Aspect-Ratio Aircraft Structures”:

Many types of modern aircraft have low-aspect ratio (AR or A) structural components.

Such structures cannot be treated satisfactorily by elementary beam theory;
Consequently, more refined analyses are required.

Analytical procedures development at present (1960), however, restricted by 2 bounds.
1. Analysis of deformations & stresses need sufficient rigor to meet engineering accuracy demands;

2. Computer capabilities place upper limits on the degree of complexity of usable procedures.
(Not necessarily a bad thing!)

An outgrowth of decade earlier work by Sam Levy at NBS referenced above.
(e.g., integration of skin into cross rib and spar cross sectional stiffness)

Triton Systems LLC Houston TX 77058 281 286-3680 48
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Configuration Trade Candidates: 3 upper right of 7 suggested by Niu to adapt to Stellar-J double delta wing OML
Employing varying Rib and Spar Numbers and Lengths.

Considerations: Spar Length (L,) & Thickness in face of Sweep (A) and Taper (A)

Plus point or distributed loads (P,) and cut-outs associated with engines and landing gear.
Constraints: Weight budgets, Airfoil Dimensions, Material Strengths ( E,, I,, G, ) in face of
Aero-thermal, static and dynamic environments of flight.

2/10/2018 Triton Systems LLC Houston TX 77058 281 286-3680 49




Early 1950s
Technology

F-86 Structural
Layout

Swept wings

With 2 or 3 Spars
Ribs Perpendicular
To Sweep

2/10/2018 Triton Systems LLC Houston TX 77058 281 286-3680 50



Argument against “Swept Spars”:

Deflection for loads indicated
Grows to 3 or 4th Power
of beam length.

Nonetheless, swept spars
Can benefit with bases near
Wide portions of air foil.

Max Shear Max Moment Max Deflection Max Beam Slope
1 P2 PL/4 PI> JA8EIL PI? /16EI
2 wL/2 wL*/8 SwL* /384EI wL> [24E1
3 P PL PL}3EI PI? I2E1
4 0 M MI? 2EI B MLJEI
5 wL wL*2 wL? [8EI wI? |6EI
Pa ' Pab Po(L? - b2Y? 2 _ b2 5 o P - b))
% S L Imax =T g BIEI e left 6LEI
_ Pb3L’ —4b%) B o Pa(I* - d*)
Ycenter = W right — 6LEI
M _B3mr 2 G s M
i S M Ymax = 27EI M *T 3 left = ~ GEI
M2 o ML
Yecenter — 16EI right — 3ET

.‘ P
P w
e A §___J
15 2. 3.
2 4N @ ; :

£ § ; ) # g (A
P
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. . [ Wi ] '|' i1 i'zgf . [} 17 W1 i
Analysis of Low-Aspect-Ratio 8 | L z
. WI!I | | I— | . ' Wa
Aircraft Structures' | B e e | I
CHARLES H. SAMSON, JR.,* axo HEINRICH W. BERGMANN ﬁm | | J o AT —F—: fj:;
iy l | EL ZEl |
Convair, A4 Division of General Dynamics Corporation Mo EH T . . | T R I . My
Mg Deflection w | | ol | Ma
VE || | Slope Angle ¢ | S A |
U Moment M R | Ve
. Vi I ! Vi
Journal of the Aero Sciences Vir Shear v P Vi
September 1960 w1 e [
RIB | T L [][%ml];&] i iR
./’/‘/l/ FiG, 14, Typical field matrix.
|
|
BALANCE 4/ J s
X 1 -
] L ™
TEST } 1 l I !
SUPPORT =~__ L L _ .
. T R T SUPPORT <
Fic, 25. B-58 ¥/g-scale model (reference 27).
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Note: Despite
Purple sections,
Nature of

Carry Through
Debatable
Based on

Tech Reports.

53




\

1 L L2/2E, 1, (L3/(6EI,—L/t, h G)] - ;
01 L/E|, L2/2 E, |, Spar “I” Properties !
0 0 1 L, 0 0 0 :I\)}'
0 0 0 1 ) |
|
1L L%/ 2B, 1y (L>/(6Ey 1) — L/t h Gy)] Spar “Il” Properties Z,
01 L/EJ, Li?/2 By I 0 0 Py
0 00 1 L, M,
00 0 1 vV,
: 1oLy L?/2By 0y (3/(6Ey, 1y — L/t h G} 2
Spar “IlI” Properties 01 Lt/ Bl Liu?/2 By Iy 0 G
0 0 0 0 1 L My,
0 0 0 1 Vi
: 4
Spar “IV” Properties 1 Ly L2/2E, I,y [L*/(6Ey 1y — Ly/t, h G)) (|)||\\//
01 Lu/Enliy Ly*/2 Ey Ly M,y
0 0 0 0 O 1 Ly V)
00 0 1
~_ -
Conditions with E,land L Conditions with

rib “i+1” intersection.

Triton Systems LLC

ow:7

rib “i” intersection.

Houston TX 77058 281 286-3680
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Row Hierarchies Matter! Response to Sparse Matrices

Block Matrices behave like individual matrix elements

Matrix A :[a Iﬂ Determinant A of A = ad-bc
C

Matrix A’ =| AB| where A =a,, a,, | B=|b;; b, |, et cetera.
CD dy1 A2 by, by,

If C=G =0,
Det A” = | A( EI-HF) -BDI|
If C=G=H=F,

Det A” = | AEI|

A A = Det [ AD-BC]

Matrix A” = D EF| AA”=|A(EI-HF)-B (DI-GF)+C(DH-GE)|

Off Diagonal Elements Block Elements either O or sparsely populated.
* I not necessarily identity matrix.

Triton Systems LLC Houston TX 77058 281 286-3680
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A(EI-HF)-B(DI-GF)+C(DH-GE)=AEI- BDI

Ra Rm My zihy) Ry Rl Mgy zily) Ram  Fan Mam Zplly)

(1) mA[uy (0} B c Ry P, 0
L) N D B (V) B L) (-Kpn) R P2 o
m w1 o My Py 0
(L8) (0 (L&2)(-Ejl) ZL,) P, ]
------------------ (1 (1) (@ (D) | - R Pg 0
D () HO)  (0) B (D) (R -y F (LTE R Fe o
0y Ly () (D) Man ’ Py ) o
(Ly28io) (L 22-Eyl,) . Z,Ly) Py 0
__________________ M@ @ @ || R P 0
G H o (1 [ (K g Ram Pig o
@ Ly 1) o Mam Py 0
(Lu*/BN0)  (LyP2N-Eqyhy) Zulbm Py o

Py, P, Pg: Functions of point kads Py<3 >, unfom lats wgy<3p-, Fampe cy <3 i, Spars: Roman numerals 1, 11, 1Il...

Ribs: i, i+1, i+#2...
Po. P, Py =0 Loads associated Wil spAngirib reactve forces at poiris Py atend of L L L,

Spring Constant ki

P35, Py, Pyy: Inbagration & of Py, Ps, Pyg i reflect momenis ai bass point (4 ) for each spar, counbered by reactie foroas Ry, ) ) i
' ith Rib stiffness between Spar | & |1

P Py, Py INfEQrabions from moment reliation, z defections at end paints. ZjLy). ZylLy). Zylly)

Triton Systems LLC Houston TX 77058 281 286-3680



Ry Rg My Ell) Ry Rl My, z,iLy) Ram  Fam May ZylLy)

C

M @ P,
A

@ (1) (@ Py~0 ()
0 @yt 1 Py
LF6) (0) (LAR2)P,

Ps 1) (1) (@ (0

D Pg=0 {0} {']']'Eiﬂ] (K *m) F L

Py 0 L) ) (0 .

Py ILYENO)  (L22HE)

Py o e oo o
G  Puwol H L@ M O G
P, | o 1) O

P12 (LyBN0) (L H2)Ep )

Py Fg. Py Functions of point loads P);<a, =, unform loads wipy<a;>, ramps cy <a= ete,
F':. F'ﬁ. P'm: =0 Loads associated with springnib reactive forces at points P'l. at end of L|. L||. LIII_"
Ps. Py, Fyy- Integration s of Py, Pg, Py to refiect moments at base point (A] for each spar, countered by reactive forces Ry

Py: Fg. Fyo: Integrations from moment rellation, z defiections at end points, Z)(Lyh ZyiLy L ZylLyy)

Triton Systems LLC Houston TX 77058

A(EI-HF)-B(DI-GF)+C(DH-GE)

=AEIl- BDI

I Det TM = z(L,)

Spars: Roman numerals 1, I, ...
Ribs: i, i+1,i+2...

Spring Constant ki
ith Rib siiffness between Spar | & ||

281 286-3680
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A=E E 1, [1+k,(L>36+L2L/2)]-k,E,l, (5/6L23+L,L>*/2) “Numerical” or “Analytical”?
2 Cantilever Beams connected by Spring
Deflection z, Moment at A M, Reactive Forces at R, and R,

Analogous to the first torque box of
z(L)={-E, 1, [ P4( 1- L2 P3) +(1/12-2/3P;) P, L, ] +... 2 Spars connected by 1 rib at their ends.

+k. [L(1-P,L, [1+(1+P./2)L, +L,3/6 P.+1/6(1-P.)L,P, +L,5 P.P./12]...
L s b [1H{14P5/2)Ly +1,/6 Py+1/6(1-P3)Ly Py +1,° PyP3/12] PRELIMINARY & PROVISIONAL

BUT ILLUSTRATIVE

P, (P,/3L,2-1/6 (P,P, +P,+P,P,L,*- P,P,L,7)}/ A

zy(Ly) = {-E/ | [ Pg-Ps-P7 L) -Py L /2-P, L2 /2 1/ A

My, = (L2 +L,2)P,{ E 1), [1+4L,°P3(Py-1)

-k, ,[1- L,3/6(L, + L) P;-2P; +P1P,P.L,2/2]}/ A \ Rib 1
Spar Lengths Y
Spar | Spar |l
My, =E I E I, P,/ A L, = (y)1-Yip)/cosA, z,(L,) z,(Ly)
Ra=E L Eyly [Py +kp (PiPgt Pg)] /A Ly = ( Yur-Yio)/cosA, 7 " | F,@B, =k [z,(L,)-z(L)]

Rg; = -k E L Ey /A
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What about 3 Spars & 2 Ribs Analytical solution?

FRa  Rm
(1 :IA
oy (1)
(0 (L

(L316) (0)

A(EI-HF)-B(DI-GF)+C(DH-GE)=AEI- BDI
Ma  Zib) Rapg Rl My Zily) Ream  Fan Man 2l

0 (0] | B | C R P, 0
LN L () Ra P o
1} (0} My, P 0
(L2} (-El)) 1 i_ ZiL,) P, o
________________________ mowoe e | R || e 0
(k) E[Ul @ B ik K i F LT R P 0
i[na L (@ PR B S R
![Lua"ﬂ:'m] Ly 2)-Eyly) ! Zylly) P o
________________________ T T @ @ || R s 0
H @ (1 (o I (K gr-m) Rau Fig o
| L L) I R B (1) M P o
! b Ly BND) (L A2y ZulL Py o

Triton Systems LLC Houston TX 77058 281 286-3680 59



e Maxima (command line) =

-1, [Di=Li=li-6, B., Li=Lil-2, -E=I12>;
A A

bttt F E e T Y]
[N R S T Sy -y

C%1%> determinantim?

; 5 Caveat:

(oD
(2i18) determinant<m); Even with Sparse Block Matrices

N grows large for series & factors.

3
B.. P21, [B., 14, 1., P31, [Li=li=Li-3, B.. Li=L2-2, P41>;
: P1 iz not an infix operator

. P11 Don’t try this at home

.. B.,. P21, 8., L1, 1., P31, [Li=ld=li-6. B., Li=Li1-2. P41>; : H H
8 pil Without MathCad or similar tool.

or
Without annual license S.

Ll b Lt b e L B o B ]
[ S T

Note: Macsyma now available
Via Source Forge...




What about the deflection of segments as a function of (T) Element Temperature?
dA/dT =d/dT{ E I, E,I,[1+k,(L>3/6+L2L/2)]-k,_E,!, (5/6L3+L,L%/2)}

=( dA/dEI)( dE,/dt)+ dA/dE, dE,/dt

dz(L)/dT =d/dT{{-E |, [ P,( 1- L2 P;) + (1/2-2/3 P;) P, L > ] +... + k,,, [ L, ( 1- Pg L;;2 [.... }/ A}
=( dz,(L))/dE,)( dE,/dT)+ (dz(L,)/dE,,) (dE,/dT)
dz,(L,)dT =d/dT{{-E, | [ Ps- P:-P, L2 -P,L3/2-P,L2/2}/ A}
=( dz,(L,,)/dE,)( dE,/dt)+ dz,(L,)/dE, dE,/dt

Spring or Rib Properties? Spar Length or Sweep...
dA /dk,, =.... dA/dk,, = .. dz,(L,)/d L dz(L)/dT ..

....Pretty soon we are talking about optimization subject to constraints.

Chain Rule
for
Derivatives

Triton Systems LLC Houston TX 77058 281 286-3680
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Some Very Helpful Books at this Design Stage - Plus Used Book Store Price Quotes

Aircraft Dynamics and
Automatic Control

Nzf e Aghisraa

ena) Urabam !
R 0 c k e t 3 3 JACK D. MATTINGLY
- WILLIAM H. HEISER
L Propulsion DAVID T. PRATT
el

- _// \.‘ y— AIRCRAFT ENGINE DESIGN

f;' ‘:‘; Elements SECOND EDITION

o ’

GAIAA.

0SCAR BIBLARZ

Second Edition
BARNES W. McCORMICK

$24.33 + $3. $3963 e $71.41 L.
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Aircraft Dynamics and

Automatic Control

No® v AsMisraas
o] UYrahamm

A-4D

Appendix A

Listings for
Numerous

Aircraft

—
P s |
ne=t L0 L r'; _,\:/~,—

Triton Systems LLC Houston

Table A3 (Continued)
15, Longntudmal daimensional derivativies
D ;'7;;)11 condition
| ‘ 2 3 4
h () 0 | 17|7 [— 0 15,000 !7.'7._(»“4) !
I .2 0.4 (.85 0.4 o6
A 0001347 00002497 ) O.000052 0000225
0.0513 .01558 ‘ 00308 ‘ 001476 0(,012588
A"TC"aft Descripficfyse | —shi | —xoe | ~gu | -
: | IX!:' 'I Il;ll |1| 0.004382 ‘ Hoss2 | u.;u),'c'\‘l (l(::b".l | u_(;T”]&
01442 0. 1134 01518 0.1012
phases/Modes bf Fllght forn O34 | 015 | 0012
Zol—) TR 0.002 | 000382 (0.001385 nmltflh
i ll\l : ) racd | E ?4:: (ll(:'l‘ 158 1‘: 22 ':-i ‘:h\'l‘z
L. lGeometrlcal\ & Inertial Parameters oo oo
( (D(l) 0 Q000 LR = 000468 ot
P4y ‘Longitudinal Dlmen5|or1al erivati vé‘::‘;:;
—00L988 | . —2.W 0.67 1.07
3 uLateraI Dimensiona Deriv tlves‘t | i

4. Elevator/Elevon Longitudinal

Transfer Function Parameters

[ 0.000] |81

Flight

vondhitio

5. Aileron Lateral Transfer Function Parameters’
6\4 Rudder Lateral Transfer Functlons

(NEAD

L

7 Lateral Coupllng Numerators (Two ConTroIs) “

|| { l.‘ oN | =
" sl a8 | ]
!, (slag 16,450 I %0
/¥ T AN "M ’
/ Lt 20 My 'y 29y
{ 111 mat) L4106 1.1
20 .25 LR
| (BT L Y] 0.4
| 0 )




Design Activity
Stellar-J Descriptions

Phases/Modes of Flight for

1. Geometrical &
Inertial Parameters
2. Longitudinal Dimensional Derivatives
3. Lateral Dimensional Derivatives
4. Elevon Longitudinal

Transfer Function Parameters

5. Aileron Lateral Transfer
Function Parameters

6. Rudder Lateral Transfer Functions

7. Lateral Coupling Numerators

(Two Controls)

Engine Trades

Triton Systems LLC

Ea EE EC ED
primary units units
Srefwing ft2 fr2
bspan k2 fr2
Crehord inches  inches
Ctechord inches  inches
taper
sweep Le deg deg
sweep Le deg deg
Cbarm inches
g
pi
Secondary
horizontal tail ftz2
elevan ftz2
elevatar drz
aileran drz
rudder ftz2
speed brake fr2
body flap fr2

bircraft  Seellar-J 35 names

arameters

umber name urits
0s ref area  ft2
0b span fr
0= chaord me fr
0 gammal fpa deg
1h alt ft
2 Mach
3 a sound  fps
4 rtho density  sluglftd
LRRT 1] tanweloc fps
B q dunamic b2

Standard Atmaos

BE BF B EH Bl EJ =

wiloglove
1317 1317 137 1317 1317 1317 1317
T0O TO TO TO T0O Ta Ta
430 430 430 430 430 430 430
T2 T T T2 T2 T T
01463 01463 01dE3 0146933 01dE3 0146333 014894
45 45 45 45 45 45 45
] ] ] ] ] i i
33282 33282 33287 332811 FE2E2 3328161 332816
32 47d 32174 3z2ATd 32174 3217d 32174 32174
3146 31dE e 3533 316 314533 314453

0

Under Construction
[Jaminal flight
0 1 z 3 dq 5 [
I D.I 10000 250000 35000 45000 E0000
0.3 07 0e 0.85 03 12
e T 10774 106 97314 962,08 965,13
00024 0008 107VE-03 00007 4.62E-04 2.26E-04
23501 7412 2128 82717 871272 1e1e2
12344 49928 3522223 25247 175458 152266
Quartic Roots | R ... (#) 1

Houston TX 77058

281 286-3680

EM

1317

i

430

T

0. 14554
45

0
J32.516
J2.174
314153

EL El
1317 1317
i 0
430 430
T T
01453 0.146333
45 45
0 1]
J32.82 332.58161
J2.174 Jz17d
31416 5141553
T g
100000 To0ao
35 2.5
36515
1.40E-04
0 242045
0 403.5354

45000
12
37314
4.62E-04
NET.77
315,135

(=]u]

137

Ta

430

Te

0. 14554
45

1]
F32.616
J2.174
314153

10

25000
0.3

s
1.07E-03
4.4
445,73

EF

137

Ta

430

Te

0. 14554
45

1]
F32.616
J2.174
314153

11

5000

0.5
10371
2.05E-03
243,55
305234

64

=r!

1317
Ta
430
T
01453
45

J32.82
J2.174
31416

12

nz
e 7
0.0024
223.34
53,303



Many aerospace publications similar to McRuer, Ashkenas and Graham’s
Aircraft Dynamics & Automatic Control, but this is a particularly thorough

. . : . . Aircraft Dynamics and
treatment of linear theory with an abundance of aircraft illustrations. \ .

Automatic Control
Ncfoier Ashisras
’ TRl L

Search on line indicates that NASA Ames and other agencies in the 60s-70s’
examined 50-100 aircraft in detail. In addition to control — structural design.

The charts provide
- 4t order longitudinal & lateral transfer functions, plus
- Selected c ontrol response features ( open or closed loop). !

Also

- Approximate solutions for 4 sets of roots with varied natural frequencies & damping ( or lack thereof).

Triton Systems LLC Houston TX 77058 281 286-3680
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When no external forces are present (i.e. when Fegy = 0), this can be rewritten into the

form

d’z dz
E %+ 2(0)05 +w02z = 0,

where

wp = i is called the 'undamped angular frequency of
V m

the oscillator' and

C=L
2v/mk

is called the 'damping ratio'.

The value of the damping ratio { critically determines the behavior of the system. A

damped harmonic oscillator can be:

Le \ ...... . 2 Y SR
".' I.' '\..

oS

=
0a = § =~
- - }»

05

“145 3 i 3 i 15

Dependence of the system
behavior on the value of the
damping ratio¢

Play media

Triton Systems LLC Houston TX 77058

281 286-3680
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The “classical” theory of aircraft dynamics in cruise flight identifies

4 Basic Systems of Harmonic Oscillators in
2 sets of separable Differential Equations ( approximated by constant coefficients)

revised for phases of flight.

1. Longitudinal: Pitch ( 0), Axial ( X) and Normal (Z) motions
Providing Harmonic Oscillator Roots for

Phugoid and
Short Period

In Other Words:
Stability and Control Analysis is
A Way of Surveying Overall Design

2. Lateral : Roll ( ¢ ), Yaw ( '¥) and Side (Y) motions
Providing Harmonic Oscillator Roots

Dutch Roll

Secondary
Simpler and More Complex Systems Can Be Derived for Special Flight Regimes ( Coast and Accelerated).

Roots are derived from Mass Properties ( Inertia Tensor, Aerodynamics and Equliibrium Forces
Controls are sized and modulated in forcing functions with System Dynamics analysis.

nnnnnnnnnn

T C 4 11~ L] 4 T\
TTTLUTT SYSTETITS LT TMUUSCTUIT TA
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But to obtain the values which provide the roots, we need to
compute, measure or estimate a host of vehicle features
which change during flight ( sector the results)

There is joy in the house each time
One of those entries is obtained — especially when
A derivation method is obtained as well.

Solution to the “handling problem” serves as evidence of a cumulative

effort crossing several design disciplines:

- Aerodynamics,

- Structures,

- Mass Properties,
-Propulsion,
-Thermal

- Flight Performance.

350000 -

- -
g g 2
g 8 8

Altitude (feet)
2
2
8

mmmmm

-Entry Alpha 45, 35, 30, 25, 20

Re-
135-secs Burn & 3-ton Upper Stages

Also, we need to evaluate solutions obtained in light of

mission requirements,
cost, efficiency &risk.

... Now why

do this at all?

Overall Layout

A
-
Cockpil

Jet Engine
Y 4

Engines

%

Delta Wing
with
Vertical

Rackst
Engine Enagines
Protection

(T - o

Yiinglet

=

SJ-35 SII-2T & SH-3T

Z unit or inches

Air Foil NACA 64-208
Internal Layout Guide

0 50

100 150 200 250 300 350 400 450

X unit or inches

8-CR ~—+—y=RadiusF ~o0-y=02 —a-y=04 —x-y=086 —o—y=half span

500

Triton Systems LLC

Houston TX 77058

281 286-3680
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With Roots of the Longitudinal and Lateral Dynamics Evaluated for Flight Segments (Phases or Major Modes)

Beside Jet & Rocket Engines, Aerodynamic Control Effectors Include:

A & B )Elevons for Pitch and Roll ( Y and X axes), inboard & outboard respectively

C) Vertical Tail Rudders for Yaw ( Z axis), outboard winglet rudders ( TBD) D).

Body flap( E), elevon and split rudder initial settings for “trim” for flight phase or major mode.
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Stellar J
Defined as a rigid body
With changing
Center of Mass

Changing Moments &
Products of inertia

N
nhy=1I,= (ka (v} +Zf,)) y
k=1
N
Igg =1, = (Emk ($i+zi]) 3
k=1
N
Iy =1, = (Z my, (z} + yi)) ,
N
Iy =In = Iy = - (Z mkﬁkyk) )
k=1

N
Iy =1In =1, = - (Z mkirkzk) ,
k=1

Iy = Iy = I, = —

Triton Systems LLC Houston TX 77058 281 286-3680 71



Center of Gravity Management in Flight
Includes System of Baffles & Propellant Transfer

Triton Systems LLC

Houston TX 77058

281 286-3680
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Overall Layout

/
? Jet Engine
' Housing
Jet o
Engines ol
Raocket
Engine Engines
% Protection
Fuselage —
L Specific Yet Modular
S To Examine Trades
Cockpit
Delta Wing
with

Vertical

Viinalet

SJ-35

Triton Systems LLC Houston TX 77058 281 286-3680

Expendable Upper Stage
System [IA & IIB
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Modularity: Wing Elements

Plan to Trade Out:
— | E“"“‘RE______‘_:_F_ - Airfoil,
[ <~ -Leading & Trailing Edge Sweep,
AN -Root & Tip Chord,

- Main Spars, Ribs, Cut-Outs & Flaps

NACA 64-208 (naca64208-il)
NACA 64-208 - NACA 64-208 airfoil

z unit or inches

Air Foil NACA 64-208
Internal Layout Guide

Triton Systems LLC Houston TX 77058 281 286-3680 74



Based on Mission or Development Phase As with Aircraft Capacities for
Expendable Upper Stage System IIA & IIB AvGas Load for Range
Vary in Diameter, Length & Mass Upper Stage Weight

Matched to Mission Requirements

Triton Systems LLC Houston TX 77058 281 286-3680 75
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s s Triton Systems Stellar-J
Sepacation + 2 Tramlason Reaction Control System -t

S 1.1.2.2 Design and Developmen!
2.2 2. Propulsion
22

wB
11
1.1 2.5 Reaction Control System

1st Stage

Bipropeilant Ethanol and LOX
Cold Gas

Thruster Configuration
Pressunzation

Link to Main System

2 Thrusters
« Rl » Pich

3 Theunters -
whon » 2 T
Separ Z Transiation . Pach

Sepanaten « 2 Tramskaton

3 Thrusiers + Yaw

Corvmotnt ts 10| Pasart
for okt e BT AT

2 Thrusters 45 degroe Cane
+ Piach. + Roll Forward

3 Thvustens - Yow

2 Theunines 45 Sagree Cant
* Pich, - Roll Forward
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Reference Upper Stage
Configuration

Three Basic Expendable Upper Stage Types

EXPENDABLE 1ST STAGE LIQUID BI-PROPELLANT
2ND OF 2 EXPENDABLE STAGES

SOILID ROCKET MOTOR

“IIA & 1IB”
llA Standardized
IIB Adapted to Mission

PAYLOAD BUS  PAYLOAD

LIQUID BI-PROPELLANT FIRST LIQUID PROPELLANT
2ND OF 2 EXPENDABLE STAGES

PAYLOAD BUS & PAYLOAD

LIQUID BI-PROPELLANT SINGLE UPPER STAGE

PAYLOAD BUS AND PAYLOAD

00+

T REUSABLE FIRST STAGE -

STELLAR-J LAUNCH VEHICLE
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Space Shuttle Orbiter Aero
Applied to Stellar-J
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1105.9 Aft c.g. limit
P i

Split elev

300
x°-235 400 500 tl'm
xoPayloadbay 58|2

|

Payload-bay station 0
i) '

00 1000 1200 1400
IC76.7 Fwd c.g. limit

0 20 20 40 0
L 1§

CS

Orbiter CG Limits

Entry Interface, M=3.5, & Touch-Down
1076.7 to 1109.0 inches (32 inches)
Abort (RTLS) & Post ET-Sep 1079 to 1109

Nominal

ET Sep
El
M=3.5
D

Sample Pre-Flight (1990) Estimates™

F35 F37

1106.3 1116.5
1081.8 1090.8
1080.5 1089.3
1081.9 1090.9

F39

1110.4
1082.0
1080.4
1081.8

FA0

1100.3
1087.4
1079.7
1081.1

Orbw

2/3L= 910

= 1365 inches
X, = 1145 inches

Nominal Moment arm: 36” to 69”

How do dispersions affect control surface trim?

*Shuttle Systems Weight and Performance
NTSTS-09095097, June 19, 1990, NASA JSC
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FRHT M PAITT AMT

-

IO [ FIRST STAGE G, &

IO | LECRTH WTHICLE ASM. Gh 4

TOEDNA 9 | PG, TAL, Gk

IR |FARRG, RO G

3| 3] =

A "

xMar

162"

—E.9

| —— B9.8

372

0.2

1

137

23 a4

+/

\J

Base of root chord

At aft end of Stellar J

Reference System Coordinates
X,Y,2:965, 0, 180

This is required to connect

Aero calculations based

On aero center — cg divided

By mean chord.

Calculations used in determined
Static and dynamic stability.

e
S
—

Root Chord along x axis.

Tip chord at end of span or y = half
span.

-

Reference Area for Shuttle based on same
Convention of integrating simple chord as function of y from tip to tip given fixed leading and trailing eglzges.



angle of attack (deg) o

Finite Wing Angles of Attack ] ]
C, 460" AR 3.15 “Flying Wing Case”
No fuselage
12 - NACA 64-208 airfoil C, , , ) )
1 /
10 - Linear C,, (stall) Limit
g 9.4°
B
e
6 7 6.3°
B 4
4 4.3
///}// f,/
—
2.9°

5000

10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60000 65000 70000 75000

Altitude (feet)

—=—Mach =04 ——0.5

——06 ——07 ——0.8 ——09

Max Wgt =70,000 |b = Lift
L=1/2p(h) v2SC,

=% p(h) (a(h) M)?2C_, @

C =

Lo

agAr/ [ag/T +( Ag/cosA, ;, P+(ag/m)?- (Ag Mine)? )1/2]
A = Aspect ratio chord to tip (b?/S)

= 2-D air foil zero Mach ¢,
Ayjp= (M =A)/2

Reference atmosphere densities, temperature
& speed of sound.

NACA 64-208 airfoil

Triton Systems LLC Houston TX 77058

281 286-3680
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0° Angle of Attack — Without SIIA/B

Frontal Area: 32662 in?
Perimeter: 2809 in

Base Area w.r.t. “Center Line”:

Stellar-J 226.8 ft"2
Orbiter 436.7 ftN2
Ratio: 0.51935

Srer Wing Reference Area

Stellar-J 1697.8 ft"2
Oribter 2690.0 ft"2

Ratio: 0.6312
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Jet Engine Trades
Rolls Royce & Other Candidates
Images, Parameters &Analysis Methods

Select the Best Jet Engine (Combination) for Stellar-J Configuration & Mission
Based on Performance, Constraints, Costs,
Using Saaty’s Analytical Hierarchy Procedure (AHP)

Analogous to a Family Selecting a New Car
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Choose the best car for the Jones family

ALTERMATIVES SUBCRITERIA CRITERIA -

AHP hierarchy for the Jones family car buying decision. The goal iz green, the criteria and subcriteria are

57

vellow, and the alternatives are pink. All the alternatives (zix different modelz of Hondas) are =hown below the lowest

level of each criterion. Later in the process, each alternative (each model} will be rated with respect to the criterion or

subcriterion directhy above it.

— Accord
=] = [E

Accord
Hybrid

Pilat
suv

CR-V
sSuV

Element
sSuv

Odyssey
Minivan

Triton Systems LLC

Houston TX 77058

Family

Car Purchase

2. Safety

3. Style

4. Capacity

Stellar-J
Jet Engines
Criteria or Sub Criteria

1. Climb to High Altitude
&/or High Mach (<1.0)

2. Low Installation Weight
3.Low Fuel Consumption
4. Low Cross Section

5. Operating Life

7. Cost

8. Range after Re-Entry

9. Restart Behavior &
Reliability

281 286-3680
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Aircraft Velocity (fps)

1000

700

500

400

25

Vehicle Drag (6 & 5 KIbf) &Engine Thrust (6KIbf)

30

—#—"ehicle drag 6000 |bf

—h—Vehicle spey 6000

35 40
Altitude (Kft)

—a—Vehicle drag 5000
—B—"ehicle tay 6000

45 50

—t—Yehicle engine 1 6000
—8—Vehicle br 700 710 6000

55
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Engine Data : Two Engine Trades - Gulfstream 1V/450 Baseline to allow margin for drag

Name Spey 511-8 Tay 611 8C BR 700-710
Type Axial Flow Fan Axial Flow Fan Axial Flow Fan
Dry Wgt — Tail Pipe (lbs) 2483 2951 3520

Max Length (inches) 110 95 87

Max Diameter (inches) 32.5 44 52.9

Overall Pressure Ratio at Max Power 18.4 15.8 25.5

SFC at Max Power 0.8 0.69 0.39

Bypass Ratio 0.6 3.2 4.0

Max Power at Sea Level Thrust (Ibf) 11,400 13,850 14,000-17,000*
Combustor Type Can-Annular Can-annular Annular
Number of Turbine Stages(Low, High Pressure) 2,2 2,3 2,2

Number of Fan Compressor Stages 5,12 1,3,12 1,12
Application Gulfstream lI&Ill  Gulfstream IV/450 Gulfstream V/550
Max Cruise (knots/mach) 500 488 ?

Max altitude (ft) 45,000 45.000 51,000

* 15,385 Ibf with G-550




T EEEE &

AHP hierarchy for the Jones family car buying decision. The Criteria have been pairwise compared, and their &2
new priorities are shown. (Before the comparizons, each Criterion had a default priority of 0.250.) Note that the
prioritie= =till total 1.000, and the priorities for the subcriteria have not changed. The family has =aid that Cost is quite
important to them, Style is relatively unimportant, and Safety and Capacity are each roughly half ag important as Cost,

with Safety having a slight edge over Capacity. Family members can look at these priorities and see how they feel about
them. If they are uncomfortable about something, they can redo their pairwise comparisons.

Choose the best car for the Jones family
1.000

. //m
= Cost Safety Style Capacity
x 504 237 042 217
z ,/‘%\ /\
= Purchase Fusl Maintenance Resale Cargo Passenger
= Price Costs Costs Value Capacity Capacity
@ 250 250 250 250 500 500
vl
:
=

Triton Systems LLC Houston TX 77058 281 286-3680

Jet Engine Selection
Similar, but Different

1. Capability to deliver
High altitude with heading
Speed to reduce Delta V.
2. Weight of Engine

3. Fuel Consumption

4. Range after Satellite
Deployment

5.Cost per Unit.

6. Reliability (Re-Start)
7.0perating Life

Inter-Related? ... Yes.

Weight and normalization?
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% Market Research

For 21 years Utah State University has hosted the
Small Satellites Conference
A 2007 Summary:
62 exhibitors included
- satellite & component vendors, satellite users,
- large and small aerospace companies,
- university, government & private research units
domestic and foreign
- /8 presented papers represented
with 137 cited organizational units Cicero Spacecraft

-Broad Reach Engineering reported on CICERO: a constellation of 100 30- kg satellites.
CICERO will perform radio occultation measurements of earth’s atmosphere for weather and
hurricane prediction. Discussions with the vendor about this 3rd generation project indicates:
Hardware is in assembly, but no launcher is signed on for deployments over the next decade.

- World small satellite leader Surrey Satellite Center (UK) described several similar prospective
programs. About a dozen universities reported on individual satellite programs...

Annual satellite launch rates (monitored by Futron Research) do not match systems introduced.
Satellite backlogs (~500) with introduction of new satellite concepts would go even higher.

But some waiting for launch slots or low cost opportunities will eventually fade away;

Research and development teams, organizations and sponsors will eventually move on

-Unless more rapid, lower cost means of satellite launch are made available.

The need for such a launch system is a recurring conference theme.

Triton Systems LLC Houston TX 77058 281 286-3680
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Satellite Market

In 2004 Triton Identified 8 Primary Markets for 4 Vehicle Systems

Vehicle Types and Configurations

LEO Satellite Payvloads (1bs):

Mission Model for Revenue

. Sounding Rockets

. Sub-Orbital Tourism

. Micro-Satellites

. LEO Satellite Constellations
. LEO Space Platforms

. Rendezvous Payloads

. Sortie and Return Payloads
. Rescue Standby

0 ~1 & h kW

100-200 1,000 2,000 10-20,000 -
A B C D
Demo 35-ton 70-ton 350-ton + Orbiter
X X
? X X
X X X
X X X
X
X .4 X .4
X X X X
X X X X

Primary Markets Missions (1-8 and Subsets)
Graded on Scale of 1 -5 with 8 Parameters
(Red X: High return on low initial investment )

1. Market Maturity
2. Market Demand
3.Price Margin over Mission Cost
4.Potential Volume

5. Mission Procedural Complexity

6. Mission Hardware Complexity

7. Regulatory Barriers

8. National Economic &/ Strategic Security

Triton Systems LLC Houston TX 77058 281 286-3680

91



Triton Systems LLC Houston TX 77058 281 286-3680




Backup Notes

Triton Systems LLC Houston TX 77058

281 286-3680
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Overall Study or Launch System Design

Moe Miller would often tell us
Project issues boiled down to

Performance, Schedule & Cost

Goal llar-J Reusable
Winged First Stage
Criteria
Cost Performance Schedule Risk Extensibility
Alternatives ton Lift-off 5-ton Lift-off 5-ton Lift-off
ach 6 Staging ach 4 Staging ach 4 Staging
ton Sep Stage ton Sep Stage -ton Sep Stage
Subsystem Study ---
(Example)
Goal Select Attitude Control for
Stellar-J RBS
Criteria
Cost Performance Schedule Risk Extensibility
Alternatives GOX
GOX -Ethanol LOX-Ethanol Kerosene Cold Gas N,
Thrusters Thrusters Thrusters Thrusters

Triton Systems LLC

Houston TX 77058

281 286-3680
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POST2 (History) was developed from the original POST software starting in 1995 -

the 2006 NASA Software of the Year Runner-Up.

POST development began in the early 1970’s in partnership with the Martin Marietta Co. as a space
shuttle simulation program. ..Improved with capabilities added w.r.t.

vehicle modeling,

, , , Considerations Here for Constrained/Iterated Paths of Defined Vehicles
trajectory simulation,

Not Constrained /Iterated Vehicle Designs

targeting and optimization.
3- and 6-DOF POST can optimize & target ascent, entry, and orbital trajectories since the early 80’s.

The ability to analyze only one vehicle within a single simulation is insufficient to properly study advanced
launch vehicle concepts such as a multi-stage to orbit vehicle with fly-back boosters. {....???)

Traditionally POST users had to do several trajectory simulations and optimize the problem external to POST.
POST Il can solve this problem within a single trajectory simulation.
Example: determining where launch vehicle expended stages or jettisoned portions of entry and orbital

vehicles impact the attracting body while including the primary vehicle in the simulation permits faster
evaluations such as is necessary to support spacecraft and launch vehicle operations.

Triton Systems LLC Houston TX 77058 281 286-3680
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Deflection

Moment

Shear

{ ] +ﬂ +.Prfl"$ Rl'ml] {J
€I )= o
i W S B, 6 E-L,
W 3
—[ﬂl}ﬂ.}-[ﬁ B (2 —a) )
(@)=L
Mlz)=|—uylz)|-F-T_
dax” J
d.fi-
Viz)=|—uyl(z)|-E-I,
da’

For the segments of Spars & Ribs,
Loads we will refer to generally as P; P,, Ps,..

Forces applied at specific spar or rib points
Represented by “Singularity Functions” at point “a”

Uniform loads begin at “a” and end at “b”
Same true of ramped and other functions.

In force, moment & deflection equations,
Integrated & differentiated as implied.

Triton Systems LLC

Houston TX 77058

281 286-3680 96
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Corporate Assets and Organization

Triton Systems, LLC

Technical Services

Triton Aerospace Corporation

Concept, Design, &
Product Development

Y

CAD, 2D drawing,

Design, Development
& Analysis

Mass properties
Dimensions

Y

[ Process, dynamics &

Meodeling &
Simulation

Trajectory tools, in-house
& industry standards

Y

Stellar-J Launch System

L

Aerodynamics,Chemical,

Engineering & Physics
Specialties

Aero-thremal, Structures,

]

Propulsion, Avionics, GN&C.

Business & Cost Modeling

LCC, Revenue Streams,
Business Plan

Y

35-350 Ton Systems
Reusable HTOL 1st Stage
Expendable Upper Stages
Orbiter and Spacecraft
Concepts

Requirements, Safety

System Engineering

Risk management

¥

[ Trades on systems &

System Integration

subsystems, evaluation.

SBIR Concepts

|

Y

Additional Services

Russian Translation,
Technical Writing,

System Admin, IT, [Tsec

Triton Systems LLC

17000 El Camino Real Suite 210A
Houston, TX 77058

Located by NASA Johnson Space Center
& Houston’s Ellington Field
Incorporated in 2004.
Veteran majority-owned

Triton Systems LLC

Houston TX 77058

281 286-3680

97



Introduction

On September 4, 2013 in an auditorium adjacent to the NASA JSC,

The directors of Houston Airports , Rice University’s Space Institute and
6 former astronauts representing commercial space firms

Met to speak with the public about space enterprise.

“Rice Space Institute, Houston Airports,

Bay Area Houston Economic Partnership (BAHEP),

Commercial Spaceflight Federation (CSF) and 5 Firms

Present Panel Discussion on Commercial Spaceflight and a Spaceport”

Ironically, it was one of the 6 astronaut speakers (Chris Ferguson)

Whose duty it was to call in the last report from a Space Shuttle flight deck:
“Houston, wheels locked.” after Shuttle Atlantis mission STS-135 landed at
KSC on 21 July 2011.

Yet despite the retirement of the Space Shuttle, the director of the
Houston Airport System chose this evening to promote Elliington Field,
Houston’s “3' Airport” as a Spaceport.

Mr. Diaz, in assessed the current commercial space industry as
a $256 billion global enterprise with a growth rate ~5% annually.

And despite the gathering of space businesses,
None addressed operations at Houston-Ellington
Nor the most accessible services, identifiable customers or markets!

WE WILL.
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NOTES
Development Snap Shot
- As the Design Matures, Useful Engineering Textbooks Include...
- Other Areas Not Well Documented ( Ascent Trajectories, Especially Air-breathing)
- Delta Wings ( more and more cantilever and intersecting spars and ribs) though structures books abound.
- Current Effort Defining Aircraft Dynamics & Control through Major Modes
History HTOL Launch and Related Matters — from Our Perspective
- Due to my age, | discovered spaceflight before Star Wars..
Captain Video, Tom Corbett — Space Cadet, Sputnik and Robert Heinlein...

Why Do This and What Do Customers Want?

Consider Professor Van Allen of lowa State Pioneer of Spacefligtt with Explorer |

To read his opinion pieces, the only reason to build a rocket is to study magnetospheres...

At the other extreme are friends and colleagues of Elon Musk, they are preparing to settle Mars.

Analysis Topics

-Trajectories with and without Wings

-Performance Analysis

- Jet engines, wings, effective ISP and the removal of DV ( principally work) from the rocket equation

-Reusable Systems, especially propulsion ( do or can they pay for themselves)

- Lessons or data from previous programs ( Shuttle and its derivatives — Liquid Booster Engines, aero, conventions)
- The X-34, the little reusable that never flew.



