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Why Systems Engineering?

 Oil and Gas 
community has 
proven track record 
developing, 
operating, 
maintaining highly 
complex systems in 
harsh and remote 
environments

 Systems Engineering 
offers promise of 
improved cost and 
schedule efficiency 
and reduced defects “Systematic Literature Review:  How is 

Model‐based Systems Engineering Justified?”, 

Ed Carroll, November 9, 2016, SAND2016-11485 

PE, Sandia National Laboratories
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The Systems Engineering ‘Vee’ Model

Mission 

Requirements 

& Priorities

System 

Demonstration 

& Validation

Develop System

Requirements & 

System Architecture 

Allocate Performance

Specs & Build 

Verification Plan

Design 

Components

Integrate System &

Verify

Performance Specs

Component 

Integration &

Verification

Verify

Component 

Performance

Fabricate, Assemble, 

Code & 

Procure Parts

Source: Forsberg, K., Mooz, 

H., Cotterman, H. Visualizing 

Project Management, 3rd 

edition, John Wiley and Sons, 

New York, NY, 2005.
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Background: Orion’s 
Ascent Abort 2 Flight Test

PA-1 Pad Abort 1 Abort from Launch Pad Occurred May 6, 2010

EFT-1 Exploration Flight Test 1 Un-crewed high speed entry flight Occurred December 5, 2014

EM-1 Exploration Mission 1 Un-crewed circumlunar flight September 2018

AA-2 Ascent Abort 2 Un-crewed Ascent Abort December 2019

ETA Environmental Test Article Ground Test February 2020

EM-2 Exploration Mission 2 Crewed high lunar orbit flight August 2021

ETA

AA-2 demonstrates that Orion’s Launch Abort System (LAS) can 

safely separate and maneuver the Crew Module (CM) away from a 

launch vehicle during an abort in near‐transonic conditions.

AA-2 is the only planned flight test of the production Launch 

Abort System (LAS) before flying EM-2 with crew onboard.
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AA-2 Mission Profile 
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AA-2 Flight Test Objectives

Top test objectives:

1. Demonstrate abort capability at the defined test 
condition (between 30,000 and 40,000 feet)

2. Determine the stability characteristics and reorientation 
dynamics 

3. Obtain structural loads data

4. Determine performance of the abort motor and attitude 
control motor

5. Demonstrate and gather data from the separation 
mechanisms

6. Collect instrumentation data on the external 
environment – acoustic, aerodynamic, thermal, 
acceleration, etc.

Articles 

Under Test

LAS (dynamics, 

stability, loads, 

AM/ACM 

performance)

LAS/CM R&R 

Mechanisms

CM/SM R&R 

Mechanisms

CM OML

GN&C Algorithms

CSM Umbilical 

Mechanism

Crew Module / 
Separation Ring 

(CSR) Project 

Abort Test 

Booster 

(Orbital ATK)

CREW MODULE - SAME 

AS MAINLINE ORION

• Shape

• Center of gravity

• Separation mechanisms 

and pyrotechnics

• Abort sequence of events

• Guidance, navigation and 

control software 

(controlling re-orientation)

CREW MODULE - DIFFERENCES

• Built as NASA as Government-Furnished Equipment (GFE) 

instead of by the Lockheed Martin prime Contractor for Orion

• No thermal protection system, no attitude control propulsion, no 

windows, no hatch mechanism, no crew systems

• Primary structure materials and configuration

• Different flight computers, software, power, communications, 

instrumentation

• No parachutes

• Terrestrial only, not designed for space
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AA-2 CSR Project Execution

 Advanced Exploration System (AES) 
has a goal of pursuing lean 
development practices

 Many innovations were established on 
the Morpheus Lander Project from 
2010-2014

 AA-2 CSR on the scale of rigor 

 Rigor and risk posture consistent with 
flight test

 CSR hardware is handled as either flight 
or non-flight (classification)

 CSR flight software is Class B, safety 
critical, and leverages Goddard’s core 
flight software

 PM/SEI

 Leverages PM/SE&I approach developed for the Morpheus lander

 Project executed in collaborative environment

 Integrated and project-level content maintained online (no stack 
of documents for review)

 Distributed authority and responsibility

 Prototype development key to mitigating risk (hardware/software 
integration)
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SharePoint List Example

Every record stamped 
with who changed it 

and when

Fields and views 
are customizable Every item gets 

an owner

Fill in what 
you can

Any list item 
can have 

attachments

SharePoint Lists are a cross between Excel and an online database, with some features of each.
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Balancing Power and Accessibility
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AA-2 CSR Major Tasks/Products in 
SharePoint Collaborative Environment

Requirements and 

Plans Design and Analysis Development T&V Flight Operations

Data over whole 

life cycle (not tied 

to phase):

Level 3 Req

(incl. I/F)

Level 4 Req. 

(incl. I/F)

Verification 

Requirements

Reports

Flight Test 

Procedures

Tech and Mgmt 

Plans

Design

Actions

CSR LCCs and 

Flight Rules

Design 

Reviews

RIDs

Master Equipment List

Schedule RisksCalendar

Software End 

Items (Flt and 

Ground)

Configuration Management / Master Product Library

Discrepancy Tracking

Assembly and 

Integration

Hazards and Hazard Controls

Displays

Ops Consoles

AI&T Plan T&V Plan

RIDs

Hardware End 

Items (Flt and 

Ground)

Hardware Test Preparation Sheets

TRRs

Acceptance 

Records
Analysis 

Reports

Decisions Issues

Test Proc. 

Procedures

Records

Facility RequirementsRequirements 

Reviews

Cost

Technical 

Performance 

Measures

FMEA/CILs and 

Single Point 

Failures

Design 

Analysis 

Cycles

Managed in SP for CSR

SP Option

KEY

Note: this is just a partial list of project tasks and products. 

Integrated 

Products

Meetings
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AA-2 CSR Collaborative Environment – Data and 
Linkages (Requirements Centric Perspective)

L3
Requirements

Test/Verification 
Activities

TBDs

RVTM

Master 
Equipment List 

(MEL)

Hazards and 
Controls

Specified by 

Verification 
Approach

Verification 
Results 

Parent 
requirements 

Allocated 
To

Implemented by 

Tested By

Safety Verification 
Closures

L4
Requirements

Verification 
Implementation Or

Timeline 
Diagrams

ETPS 

Interfaces

CSR System 
Functions

Standards

PBS AA-2 
Architecture 
Descriptions

CSR VRM

Discrepancy List

`
Environment 

Definitions

Detailed ConOps 
List

Technical 
Performance 

Measures

Feedback &
Assessment

Accessibility 
Requirements

Assumptions
CSR Design 
Health and 

Status

FDIR

Risks

Verification Results 

Verification 
Planning



14

A
A

2
 C

re
w

 M
o
d
u
le

/S
e
p
 R

in
g
 I

P
T

Example Thread – Functional Requirements 

Functional Analysis using Cradle and MagicDraw Models Resulted in List of Functions in Sharepoint
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Example Thread – Functional Requirements 

Functions List Drives Requirements, which are traced to Parent and also generate TBDs

F
u

n
c
ti

o
n

 L
is

t
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Example Thread – Functional Requirements 

Requirements are satisfied by Verification Requirements which are 
implemented by Test/Verification Activities

R
e
q

u
ir

e
m

e
n

ts
 

L
is

t
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Example Thread – Functional Requirements 

Test/Verification Activities are implemented by Electronic Task Production 
Sheets.  Completed ETPS become evidence of requirement satisfaction 

R
e
q

u
ir

e
m

e
n

ts
 

L
is

t
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Conclusions

 SP environment selection based on need for 
collaboration across a larger team, with geographic 
and organizational diversity
 Lean development, team integration, high level of 

collaboration, and still have SE discipline

 SP strengths have paid off – demonstrated by our 
requirements products, on-line milestone reviews, 
extensively linked data, and nearly full engagement by 
100 person team
 Recommend that this collaborative environment be 

considered along with other commercial tools

 Challenges:
 Lack of true ‘relational database’ is a challenge that 

continues to be worked – requires continued assessment 
and some ‘back-office’ development 


