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Orbital ATK Overview DrbitalATlx¢

Aerospace Systems

A
Orbjzal . = Orbital ATK /) &= QAT s

ThePartnerYouCanCount— I nnovationé Deliver e

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

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

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

A 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 Pl ATE

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

System Engineering Hip A

(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
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Integrated Analysis & Design Orbital ATK

Alntegrated Analysis & Design

a Multiple discipline tools connected in
single model

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

ASSGhas extensive experience
performing multi -disciplinary C——
analyses usingModelCenter ® e

o Integrate & automate analysis &
models across different software
programs & platforms

o Optimize design with many
optimization methods

a EXxplore design space sensitivity w/
parametric trade studies & Design
of Experiment tools

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

Abort/Jettison

Motor Thrust 4 4 .
Profile

(Text File)

Coordinate 5
Transformation
(Matlab/Script)

1. CM Mass Properties
2. LAS Mass Properties 6-DOF 6
3. LAV Abort Initial Conditions (IC’s) stErxy 1

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

i Post-
History
5. Transformed Mass and IC's a P';\Dﬁce“sslljﬂg
6. 6-DOF Analysis Results g (Matlab)

Orion LAS Mission Analysi€ Biagram
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Orion LAS MissioAnalysis in ModelCenter

PHOENIX
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SSG Experience withMBSE & ModelCenter®

ICCS/COTS Proposal

Integrated vehicle sizing & mission analysis.

2005 ‘

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

A Parametric trades to explore sensitivity of vehicle design to
variation in launch vehicle, cargo mass, # of mission§onQOps

e
=3 (UIm_missions fi
= pug_altitud: 216.0
a1 can_aftitude 1939
s deorbit_alt 0.0

[+ |55 _payload Toz0

s deorbit_payload 102%.8

-+ plane_change_type simuft_split
3 can_loiter_duration  10.0

L]

3= mean 157
3= min 0.0
== max 0
== cargo_module_mass 27126
3 structure _mass 5903 .04
2 OhdS_fuel_mass sl

e RCE_fuel_mass 16034
3 Tug_GLOW 17220 5

2= payload_frac_GLOWY 0.36
2= payload_frac_Tug 0.56

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.

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

ot Odessa Visiting Vehicle
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