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Orbital ATK Overview Orbital ATIX¢

Aerospace Systems

/]
Orbjzal . = Orbital ATK /) &= AT s

The Partner You Can Count On- ' Innovation... Delivered

* Global Aerospace & Defense Systems Company Established by Merger of
Orbital and Alliant Techsystems in 2015

* Leading Developer & Manufacturer of Innovative, Reliable and Affordable
Products for Government and Commercial Customers

» Launch Vehicles, Rocket Propulsion Systems and Aerospace Structures
» Tactical Missile Products, Armament Systems and Ammunition
» Satellites, Space Components and Technical Services

* More Than 13,000 Employees, Including About 4,200 Engineers & Scientists

Flight Systems Group Defense Systems Group Space Systems Group
; -
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Orbital ATK SSG : _
Model-Based Systems Engineering LineleEl AL

MODEL-BASED “CLASSICAL” SYSTEMS ENGINEERING

* CONOPS Development SYSTEMS MODELING @amEo
« Functional Decomposition Systems Modeling Language (SysML) SYSTEMS MODELER
® Physical Decomposition — - @ ENTERPRISE @

* Requirements Decomposition
e Interface Definition

System-Level Analyses — Systems Budgets | Mission Analysis

Cradle?

Requirements Database

Requirements | Interfaces | Verification Management =

DISCIPLINES/SUBSYSTEMS INTEGRATED VIA MODEL-BASED SYSTEMS ENGINEERING

INTEGRATED DESIGN, ANALYSIS, AGILE SE & ENGINEERING DATA VISUALIZATION CLOUD / PARALLEL
AND OPTIMIZATION MANAGEMENT COMPUTING
PHOENIX  WJIRA L Tmiauer  JpPL e
5 FSOFTWARE CUDA
ModelCenter JIRA Tom Sawyer Open MBEE (JPL) | CUDA ‘

CAD

FEM/A

o S Orbital ATK

MODEL-BASED MECHANICAL ENGINEERING ‘
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MBSE to Cover Waterfront of

A Orbital ATK
System Engineering -

(1] SYSTEMS MODELING ® . ® SE/ENGINEERING MGMT (2
TOOLS: CAMEO, RHAPSODY Orbital ATK TOOLS: JIRA
e Functional Decomposition e Agile SE Management

[E]  REQUIREMENTS & VERIFICATION MGMT
TOOLS: DOORS, CRADLE

Physical Decomposition
Architecture Development
System Behavior
Interface Definition

Design/Analysis Cycle Management
e Engineering Linkage to IMS/EVMS
e Action Items & Issue Tracking

e Risk Management

DATA VISUALIZATION

TOOLS: TOM SAWYER
e \isualize & Review Data Trends
¢ Translate SysML to Standard Views

Requirement Management
Interface Management
Verification Management
Specific/ICD Generation

B INTEGRATED ANALYSIS DESIGN CLOUD/PARALLEL COMPUTING

TOOLS: MODELCENTER (MC) TOOLS: CUDA, OPEN MBEE, MC CLOUD

e Perform Integrated Trades & Probabilistic Analyses e Execute Analysis & Process/Review Data from

e |ntegrated Multi-Discipline Analyses Cloud/Web Interface

e Design Optimization e Parallelization of Analyses/Computations

e Automated Tool/Analysis Execution e Reduce Licenses Need to Access Tools & Data

e Direct Data Exchange Between Models & Tools e |mprove Computing Capability/Reduce Time
NTRACER Established Adopting; Implementing . Exploring; Not Adopted

© 2018 Orbital ATK. All Rights Reserved. 4



Integrated Analysis & Design

* Integrated Analysis & Design

» Multiple discipline tools connected in
single model

» Explore & evaluate large design
spaces, generate robust designs, &
perform/automate complex analyses

* SSG has extensive experience
performing multi-disciplinary
analyses using ModelCenter®

» Integrate & automate analysis
models across different sottware
programs & platforms

» Optimize design with many
optimization methods

» Explore design space sensitivity w/
parametric trade studies & Design
of Experiment tools

» Assess/verify design robustness
with probabilistic analysis tools
(Monte Carlos)

Orion LAS Mission Analysis N?> Diagram

© 2018 Orbital ATK. All Rights Reserved.

Orbital ATK

1. CM Mass Properties

2. LAS Mass Properties

3. LAV Abort Initial Conditions (IC’s)

4. Abort Motor (AM) & Jettison
Motor (JM) Burn Rate and Thrust
History

5. Transformed Mass and IC's

6. 6-DOF Analysis Results

I Inputs from Lockheed Martin
[ Data from Motors Vendors
[1 Orbital Products

Abort/Jettison
Motor Thrust 4

Profile
(Text File)

Coordinate

5

Transformation

(Matlab/Script)

6-DOF
(STEPX)

’6

Post-
Processing
(Matiab)

Orion LAS Mission Analysis in ModelCenter
Ll

Temp_Sigma_Factgr

-

-
Coord_Transform

STEPX_6DOF

=)

Post_Processor

PHOENIX




SSG Experience with MBSE & ModelCenter®

2005 ‘ ICCS/COTS Proposal

Integrated vehicle sizing & mission analysis.

* Optimization of spacecraft design with FSG/SSG trajectory tools
(Matlab) & SSG spacecraft sizing tools (Excel)

* Parametric trades to explore sensitivity of vehicle design to
variation in launch vehicle, cargo mass, # of missions, ConOps

ISS Space Tug
Concept

Step A Transfer Space Tug to canister start orbit and dock with canister.
Step B: Take Canisterto 1S5 nominal orbit and berth with 155,

Step C: Detach from 155 and transfer to canister release perigee. v, f.

Odessa Visiting Vehicléwrf k4

Step O: Detach from canister at release perigee and retum to canister
orbit.

|
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2006

SSG Experience with MBSE & ModelCenter®

Orion LAS PA-1 Flight Test Validation & Verification

Optimization of abort motor thrust profile | v meacceterton e

6-DOF trajectory analysis for all capsules,
abort conditions, & motors performance

Validation & verification Monte Carlo

analysis

Results linked to Cradle requirements

database

7 = . - .

CLV Trajectory

7 = . .

Mass_Properties_607

3 - . o
Temp_Sigma_Factdr

A~

Coord_Transform

Lo

STEPX_6DOF

=)

Post_Processor
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PHOENIX

—Vacuum Thrust Upper Bound
=——Vacuum Thrust Lower Bound

/

+— Hot Motor, +30 Limit

LAV Min Acceleration
For Max Drag Abort

Maximum Ramp-Up Time

LAV Minimum Sustain
Acceleration For Max Drag
Separation Distance

Orion Pad Abort-1 (PA-1) Flight Test




SSG Experience with MBSE & ModelCenter®

Antares Launch Vehicle Performance Analysis

* POST 3-DOF trajectory analysis
(Fortran) integrated with mass
properties (Excel) & upper stage
motor ballistics (ASCII)

* Parametric trades to explore
sensitivity of payload performance
to variation in orbit altitude,
inclination, & launch site.

2008 ‘

P

Orbit_Calculations
Mame Y

=1 homePath o

T2_POST_MPSOL_2Stage

N |

Post_Processar

‘J
Payload Mass (kg)

Altitude (km
{lem) © 2018 Orbital ATK. All Rights Reserved. 8



SSG Experience with MBSE & ModelCenter®

CCDev2 Proposal Abort Black-Out Zones

* POST 3-DOF analysis integrated with LV trajectory (Matlab), LAS
mass properties & abort motor performance (Excel)

* Calculated abort impact points & crew load limits

e Parametric trades to evaluate abort simulations at intervals of the
LV trajectory to determine Black-Out Zones

A

LY _Data_Extractor

) /f - -
LS /E’ 2/ 2
o - Z_;ﬁ e CC_POST_Ascentibort
¢ Xxxx"‘
= 2o
U M et (/ +Gz: NASA STD-3000 Crew Loads Limits for sustained or short term plateau i
5 e 100 : =] L7
40 == =Designl entgenty ] il
= — Bes\:n :\ d/:\\imu:eyd crew [| #
- o CC-LAS-005 Abort at 190 sec H Post_Processor
<)
£ 35 I
3 o A e SR
H S
€ e ~— el
‘ N
-y %
g ‘\\ g,
ﬁ:\i -
) P
0 -80 -70 -60 50
Lo
0
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SSG Experience with MBSE & ModelCenter®

2010 ‘

NASA Heavy Lift Launch Vehicle Study

* POST 3-DOF trajectory analysis integrated with stages & fairing
sizing (Excel) for optimization of 30* LV configurations

* MBSE processes used with integrated analysis to define
requirements & provide traceability

NASA HLS BAA
NASA HLLV Study :>

NASA SLS Goals

n
Provides Traceability During Trade Study

© 2018 Orbital ATK. All Rights Reserved. 10



SSG Experience with MBSE & ModelCenter®

Cygnus Mission Analysis & Propellant Usage Modeling
* Integrated analysis tools from LV, Flight Dynamics, Propulsion,
GN&C and Systems

* Optimize propellant usage during the CRS missions & validate
Cygnus propellant load

* Used for CRS missions & CRS2 development

OA-7 Cygnus Spacecraft

FostProcessor_XLS © 2018 Orbital ATK. All Rights Reserved. 11




ISS Cargo Resupply with Cygnus  Orbital ATK

Dec. 6, 2015

Oct. 17, 2016

* Cygnus carries crew supplies, spare
equipment & scientific experiments to the
International Space Station (ISS)

* 20 mT of cargo delivered to ISS in 8 flights
* 3 CRS flights from 2018 to 2019
* 6 CRS2 flights starting in 2019

© 2018 Orbital ATK. All Rights Reserved.




Cygnus Mission Performance
Optimization Process

Orbital ATK

Assumptions & Dispersions Spreadsheet Integrated Analysis N? Diagram

. Cygnus Total Mass after Each Maneuver : ?udgf)t
i Excel

Antares |+ Launch Mass Mis\s,gzézma' 2 L2 2 3 4

* Insertion Orbit Parameters (VBScript)
PSS * DVE & REA Propulsion Parameters ity B A 5 5 6

» Pressurant & Residual Propellant Data Integrated AnaIysis of (ﬁ;laﬂab)
GN&C + Effective DVE + REA Isp vs. CG End-to-End Mission : 5 .

+ 6-DOF propellant usage distributions for . Phasing & Ascent AV

attitude control, slews, JOPS, Aborts, Performed using (Matiab)
. E';?I Dlgﬁfr:t,l:\rleorithm Inputs/Models across 1. Insertion Orbit Parameters : .
Y 9 C Subsvst 2. 1SS Orbit Parameters PE@nERETy AY
- ygnus subsystems (Matlab)

FDS + ISS reference trajectory 3. Cygnus Cp and Area — |

+ Ascent Phasing Plan 4. Cygnus Operating Mass, Cargo Mass N G By A 7

+ Deorbit/Reentry Trajectory Plan 5. Phasing Orbit Altitudes and # Orbit Revs ! (Maﬂab})' —e
Systems |+ Mass Properties 6. Maneuvers AV and # Orbit Revs 3

+ Mission Cargo Manifest ; Orbit Decay AV i 8 Cygnus Prop

9

. Propellant Usage for Each Maneuver

Post-Processing

Implemented into ModelCenter for (Excel)

Integration & Probabilistic Analysis

=2 Fle Edit View Tools Component Project Window Help
R e

g -

Orb-4 Propellant Budget

Maneuver mean | +30

A HPPD

Propellant Budget
Calculated from
Probabilistic
Analysis Statistics

(1000+ runs)

A &

Ascent Propellant

Prox-Ops Propellant

Deorbit/Reentry Propellant

Residual Propellant

Total Mission Propellant

% w  ow w0 w

PHOENIX
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Cygnus Performance Integrated
Analysis with ModelCenter

Orbital ATK

=2 File Edit View Tools Component Project Window Help =
DUH. =pb@elZeDEiE. > S .
=2 Cygnus_Frop_Bu.. Cvonus Pron Budoet

Component Tree L L = o

MNarme

5
ProbabiisticAnalysis

disH 32D

robahilisticAnalysis
#- =l Fun_Counter

- [ Antares_|nsertion

#- = Mission_|nitial_values

+ t!l Early_Burns_GNC_C..

+ cﬁ Ascent_Phasing

+ 4\ Deorhit_Reentry

e 4\ Orhit_Drag_Injection

o\ Orbit_Drag_EBT

=-<f\ Orbit_Drag_EB2 b

+-<f\ Orhit_Drag_DW1 T Tz

=\ Othit_Drag_Dv?2 g

=<\ Orbit_Drag_Dv3 !
&\ Orbit_Drag_Div4 : oot e

try
# o\ Qrbit_Drag_PC i i [ |
+-E SMA_alte : .

= (& Cygnus_PropBudget . rbit_Drag_Injectior
: 3
kS

g ghelrel-o

& 2

ot

+ 5_14 Propellant_Cornverger
+-[= PostProcessor_®LS

Orbit_Drag_EB1
N

m

7
Orbit_Drag_EBZ
'

Orbit_Drag_DW1
¥

Orbit_Drag_OW2

Orbit_Drag_DW32

7

 Performance integrated analysis model
within Phoenix Integration’s ModelCenter®
collaborative design environment A

Orbit_Drag_PC
=

* ModelCenter integrated analysis o

[ L3 H * .
performed for every CRS mission to O @

validate the Cygnus propellant load

PostProcessor_XLS -

-a'v_]_

4 1L} 2
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Integrating with SysML Modeling Orbiral ATK

bdd [Package] Mass Budget [ Mass Eudgetﬂ

ablocks
DAC-1

constrats

amis s ion:Requiements
Launch Mass

Id = "BRE-BAA 54"
Notes=""
source =

"PPE-BAAL4PPE-110"
Text="ThePPE shall have a launch mass of less than or
equal to 7500 kg including the Payload Adapter.”

«mis s ion:Components

H2H4

mess_che - mass kilogran]
rmess_mev : mess [kicgram]
rmess_unc - Real

| SC Dry Contingency - mass[kilogram] |
|

sc_dry_cont,

$ - arsfines
- |
. -
«Character zations asatsfys - |
—i Mass Summary P «5ons raints
par [Bhck] DAC-1 [ i DAC
i sc_rolup_ 1) B ( \
Flight System -_rolup_s 5 f:ensvamb- mass Margin:  Mass Summary TS
“Jmass_mev - mass[kilagram] <o rolup P - "i'““; . o iy che P =S dogram ] 4 -calc_mass_summary
= - so a sc_dry_che = sc_rollup_cbe - n2h4 - xe - p g sc_dry_dbe
imass_unc : Real :| B v s e v P - e pla} [ :| fso_w et mev = sc_dry_mev +xe £ n2h4
fmass_une = round{msss_unc 2j} | Moo ] = 50_launch = so_w et mev + pla
_sbe : [kilogt s0_margn_kg = sc_mpv - sc_launch
scllary_mev = sc_margin_per = i
[ Dry Mass MEV :mass (kilogram] | N . margin_per = so_margin_kg/(sc_mpv-sc_margn_kg)
n O i 255 i 1ogram] odn v Sc_dry_cent kn = sc_drymev - o_dry_cbe
q sc_dry_cont_per = so_dry_mewisc_dry_cbe-1}
propellant.hzH4 - N2Ha ] iy
B i 3
mass_cbe :mass[kilogram] —__m] ! R = T | ! |
NZHA Load - il
propellant Xe : Xenon o] = ]
mass_cbe :mass[kilogram] MKenon_Load -m as=lkaogram] | o
LV LV | Spacecraft Wet Mass < m ass[kilogram | L so_w et kv n
Fayload Adapter : SLS Paylead Adapter | SC_Mass_Launch : mass[kilogram] | sc_laufgh M
|
mass_cbe : mass[kilogram]
| SC_Mass_MPV :mass[kilagram] | = i
J
mass_mev :mass [kilogram]
mass_unc:Real ]
[SCugi msatiognt | N A
| SC Dry Contingency Percent : Real | aarcon b
|

r

e Utilize ModelCenter to

involve existing analysis

tools with SysML
parametric models

© 2018 Orbital ATK. All Rights Reserved.
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Integrating PLM Metadata Orbital ATK

 Utilize ModelCenter to pull metadata = @wer — e
from Product Lifecycle Management :
(PLM) databases like Windchill

. "' . ey ®
* Metadata can be used for integrated «& windchill
analyses in ModelCenter Part #1

1( Mass: _ kg

A Coord_Sys: CS1, CS2
Part #2

1( Mass: _kg

i Coord_Sys: CS3, CS4

Component & Coordinate
System metadata rendered in
ModelCenter geometry view

© 2018 Orbital ATK. All Rights Reserved. 16



Summary & Continued Efforts DrbitalAT@

Summary

* MBSE # SysML: MBSE is also managing integration of
engineering efforts, providing capabilities to visualize data &
information, and improve the performance & capabilities of
engineering tools/processes.

* SSG has extensive experience performing multidisciplinary
integrated analyses using Phoenix Integration ModelCenter

* ModelCenter integrated analysis performed for every CRS
mission to validate the Cygnus propellant load

Continued Efforts
* Integrating parametric analyses & trades into SysML models

* Extracting metadata (IGES files, coordinate systems, mass, etc.)
from Windchill directly into integrated analysis models

© 2018 Orbital ATK. All Rights Reserved.
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