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NESC Academy Training
Participant Manual

Lesson 1: Introduction

Course Goal

The goal of this course is to present detailed case
studies from the career experiences of satellite attitude
control systems expert Neil Dennehy and problem-
solving activities involving satellite attitude control
systems to a new generation of NASA engineers and
scientists, designated contractors, university professors,
and graduate students in engineering programs.

Objectives
At the conclusion of this lesson, you will be able to:
e Understand the objectives of the course.
e |dentify the schedule and course requirements.
e ldentify the faculty and other participants.

e Use the layout and symbols to navigate through
the Participant Manual.

e Provide appropriate feedback using the
participant polling devices.
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Lesson 1: Introduction

Class Schedule

TUESDAY | WEDNESDAY | THURSDAY
JUNE 27 JUNE 28 JUNE 29
Morning Welcome Lesson 5— Lesson 9—
8am.— Engineering Implementation
12 p.m. Orientation Best Practices | Challenges of
Multivariable
Lesson 1— Lesson 6— Control
Introduction Space-borne Systems
GPS
Lesson 2— Navigation Lesson10—
Satellite System Design | ACS
Attitude Technology
Control Development
Systems
Lesson 3—ACS
Engineering
Process
Lunch
12-1 p.m.
Afternoon Lesson 3—ACS | Lesson 7— Lesson 11—
1:00 p.m.— | Engineering Automated Future Trends
4:00 p.m. Process Rendezvous in Satellite ACS
and Docking
Lesson 4—Six Lesson 12—
Decades of Sea | Lesson 8— Wrap-up
and Space Spacecraft
Stories Controls-
(Lessons structures
Learned) Interaction
5:30 p.m. Reception

Course Goal and Requirements

The goal of this course is to present detailed case studies from the
career experiences of Neil Dennehy and problem-solving activities
involving satellite attitude control systems to a new generation of
NASA engineers and scientists, designated contractors, university
professors, and graduate students in engineering programs.

This course will present elements of the following topics:
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e Satellite Attitude Control Systems.
e ACS Engineering Process.
e Six Decades of Sea and Space Stories (Lessons Learned).
e Engineering Best Practices.
e Space-borne GPS Navigation System Design.
e Automated Rendezvous and Docking.
e Spacecraft Controls-structures Interaction.
e Implementation Challenges of Multivariable Control Systems.
e ACS Technology Development.
e Future Trends in Satellite ACS.
Teaching Methodology

The 21 hours 15 minutes of class time break down as follows:

Lecture and Discussion 17 hours 45 minutes
Activity 2 hours

Participant Evaluation and 1 hour

Discussion

Course Evaluation 30 minutes

Neil Dennehy, the lead instructor for this course, intends to maintain
a very high level of technical discourse that focuses on the lessons
learned from a series of case studies.

Mr. Dennehy will provide you with an opportunity to ask questions
and get feedback. You are expected to participate in all classroom
activities and problem-solving exercises.

Course Faculty

The course faculty are NESC Discipline Experts (NDESs) currently
working with the NASA Engineering and Safety Center. Below are
short biographical sketches of the experts who will be involved in
teaching this course.
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Lesson 1: Introduction

Neil Dennehy

Mr. Neil Dennehy currently serves as the NESC Discipline Expert
for Guidance, Navigation, and Control (GNC). He joined NASA
in 2000 as the Assistant Chief for Technology for the Guidance,
Navigation, and Control Division at the Goddard Space Flight
Center in Greenbelt, MD. Prior to being assigned to the NESC,
Mr. Dennehy was the Assistant Chief for Technology for the
Mission Engineering & Systems Analysis Division and served as
the Lead Exploration Technologist within Goddard’s Exploration
Systems Office.

Mr. Dennehy has more than 25 years of experience in the design,
development, integration, and operation of GNC systems for
communications, national security, remote sensing, and scientific
platform applications. Prior to joining NASA, Mr. Dennehy held
engineering and management positions with several aerospace
industry organizations including SpaceCom, TASC, Fairchild
Space Company, EOSAT, Welch Engineering, and the Charles
Stark Draper Laboratory.

At SpaceCom, Neil was the lead ACS engineer on NASA's first
Tracking and Data Relay Satellite (TDRS) and was a member of
the TDRS-1 recovery team at the White Sands control center.

At TASC, Neil managed the vehicle systems analysis section and
directed the development of Computer-Aided Control System
Design (CACSD) software tools for the engineering analysis and
simulation of GNC systems for advanced national security space
systems.

At Fairchild, Neil managed the vehicle dynamics and controls
interaction section and served as the lead ACS analyst with
responsibility for all the stability and performance analysis,
design, and simulation for the NASA/Jet Propulsion Laboratory
(JPL) TOPEX GNC subsystem.

At EOSAT, Neil was director of technical operations, overseeing
Landsat-4 and -5 flight operations engineering and Landsat-6
development.

At Welch Engineering, Neil served as the executive vice president
and director of systems engineering. In this role, he was
responsible for technical/management activities supporting the
growth of this small GNC products and services company.

NESC Academy

ITAR Restricted PM 1-5



Satellite Attitude Control Systems

At Draper Lab, Neil was the program manager for advanced space
system technology. He is co-holder of a patent for a miniature
attitude sensing suite GNC technology invention.His principal
areas of expertise and interest include spacecraft attitude control
system design; space platform controls-structures interaction
modeling, simulation, and analysis; MEMS inertial sensors; and
the infusion of technology into NASA’s future science and
exploration missions. Mr. Dennehy received a B.S. degree in
mechanical engineering from the University of Massachusetts at
Ambherst in 1978 and an S.M. degree in aeronautics and
astronautics from the Massachusetts Institute of Technology in
1981.

Henry Hoffman

Mr. Hoffman joined the Guidance and Control Branch at Goddard
Space Flight Center in September 1962. As branch head, he
served in design review and as a consultant on many space
programs, including NASA’s unmanned Earth-orbiting satellites,
Skylab, and Apollo. Mr. Hoffman has also worked on many
international programs including the European Space Agency’s
GEOS and Meteosat, Italy’s San Marco, Germany’s Helios and
AMPTE, and programs for the UK, France, Sweden, and India.
Mr. Hoffman holds numerous patents in the electronics and
aerospace control fields.

Mr. Hoffman has received numerous awards, commendations and
certificates from the U.S. Navy, NASA, and ESA, including
NASA’s Exceptional Service Medal, the Navy Civilian Service
Medal, the Skylab Achievement Award, ESA’s GEOS Certificate,
and the Federal Aviation Administration commendation.

Mr. Hoffman received an M.S. degree in electrical engineering in
1952 from the University of Maryland and a B.E. degree in
electrical engineering in 1949 from Johns Hopkins University.
Mr. Hoffman is a proud WWII veteran, having served in the U.S.
Navy from May 1944 to June 1946.
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Frank Bauer

Frank Bauer is the chief engineer of the Mission Engineering and
Systems Analysis Division at the NASA Goddard Space Flight
Center.

Frank started at GSFC as a design analyst in guidance, navigation
and control, serving as a mission systems engineer in the
Spacecraft Systems Engineering Office, and providing leadership
and vision to a team of guidance, navigation and control (GNC)
engineers as the head of the GNC branch and then the GNC
division. His role as the GNC division chief encompassed the
design, development, and qualification of advanced GNC systems
for a wide spectrum of space systems, experiments, and sub-
orbital and launch vehicles at the Greenbelt and Wallops Flight
Facility campuses.

Mr. Bauer’s primary research interests include space-borne
applications of the Global Positioning System (GPS), space
vehicle formation flying, and space vehicle precision pointing. In
his free time, Mr. Bauer serves as the program manager of the
Amateur Radio on the International Space Station (ARISS)
payload, an educational outreach program that allows students to
communicate and interact directly with astronauts onboard the
International Space Station.

Mr. Bauer received his bachelor’s and master’s degree in
aeronautics and astronautics from Purdue University.

Rich Burns

Rich Burns hails from the Adirondacks in northern NY. He earned
a B.S. degree from Notre Dame and an M.S. from Stanford, both
in mechanical engineering. Rich worked for 10 years for the Air
Force Research Lab in Albuguerque, NM, as a member of the
Space Vehicles Directorate. At AFRL, he worked on a variety of
projects including improved orbit determination, high fidelity
simulation, and satellite formation flying.

Rich has worked at GSFC for the past 5 years as GNC systems
engineer, first leading the development of the Formation Flying
Testbed, then transitioning to the GNC systems engineer for the
Hubble Robotic Servicing and Deorbit Mission. He is currently
working on the development of a relative navigation experiment
on the next Shuttle Servicing Mission to HST, as well as serving
on the Systems Engineering and Integration Team for the
Constellation Project.
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Sanjay Garg

Dr. Sanjay Garg is Chief of the Controls and Dynamics
Technology Branch at NASA Glenn Research Center, Cleveland,
OH. He is responsible for the development of advanced dynamic
modeling, health management, and control design and
implementation technologies for current and future aerospace
systems with an emphasis on propulsion systems. Dr. Garg is
internationally recognized for research contributions in the
application of multivariable control technologies to aerospace
vehicles, and for leadership in the application of intelligent system
technologies to propulsion systems.

Keith Hoffler

Mr. Keith Hoffler has more than 25 years of experience in the
aerospace industry. He holds a B.S. and M.S. degree in aerospace
engineering from North Carolina State University. He has
conducted research in the areas of aerodynamics, stability and
control, handling qualities, human factors, piloted and non-piloted
simulation studies, and flight tests. His work has included military
air-combat simulation and flight research, air-transport category
control system, and performance research, including supersonic
transport-type aircraft and general aviation. Mr. Hoffler led the
team that took WSI’s InFlight weather datalink system, the first
successful system of its type, from the lab to market. Mr. Hoffler
left WSI in November 2003 to form Adaptive Aerospace Group,
an aerospace engineering consulting firm. He has continued
planning and carrying out research and development and assisted
various companies in bringing new products to market or
developing new applications for existing products. Mr. Hoffler
currently serves on Radio Technical Commission for Aeronautics
(RTCA) committees, working with industry and the FAA to
develop standards for aviation systems. He has been a private pilot
for 18 years and recently gained 50 hours of “technically
advanced aircraft” time in Cirrus SR-20s and 22s. While Mr.
Hoffler enjoys flying and aviation, his favorite way to spend his
time is with his 14-year-old son who loves baseball and, of course,
has little interest in aviation.

How to Use This Manual

After you complete the course, you can use this manual to help
recall topics covered in the course. During course delivery, you are
not expected to follow along using the narrative in this manual. You
will, however, be expected to review the directions for the activities
it describes.
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Lesson 1: Introduction

The manual has four main components:

Lesson 1 contains the course schedule, evaluation scheme,
mission, and topics. It also explains the layout and
organization of your Participant Manual.

Lessons 2-11 are content lessons.

Supplemental Information provides additional information on
testing, compatibility issues, and the “test as you fly” approach
for ACS.

Slide note pages contain copies of the PowerPoint slides used
in the course and space for taking notes.

Lesson Titles

The lessons that Mr. Dennehy and his colleagues will discuss are:

Lesson 2: Satellite Attitude Control Systems (ACS).
Lesson 3: ACS Engineering Process.

Lesson 4: Six Decades of Sea and Space Stories (Lessons
Learned).

Lesson 5: Engineering Best Practices.

Lesson 6: Space-borne GPS Navigation System Design.
Lesson 7: Automated Rendezvous and Docking (AR&D).
Lesson 8: Spacecraft Controls-structures Interaction (CSI).

Lesson 9: Implementation Challenges of Multivariable
Control Systems.

Lesson 10: ACS Technology Development.
Lesson 11: Future Trends in Satellite ACS.

Lesson 12: Wrap-up.
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Symbols

Throughout this manual, two symbols appear in the left margin of
the pages.

The key shown at left indicates a key concept in the text.

The clipboard shown at left precedes a list of important items
presented in the text.

Course Prerequisites

This course has been designed for NASA scientists and engineers
with 2 to 5 years of experience. You are also expected to have
completed the precourse CD comprehension check with a minimum
score of 80 percent.

Evaluations

This course has two types of evaluation: course and participant. The
course evaluation has three parts: precourse, classroom conclusion,
and post-course. The participant evaluation also has three parts:
precourse comprehension check, classroom informal assessments,
and final check.

Course Evaluation

The precourse evaluation uses Zoomerang, a Web-based tool that
presents a series of questions. It takes only a few minutes to
complete and provides valuable information to the course
designers.

The classroom conclusion evaluation consists of your daily
comments on each lesson.

Your comments will be recorded electronically on the last day of
the class using the participant polling devices (PPDs) that you will
learn more about later.

Several weeks after you complete this course, you will receive a
post-course evaluation e-mail asking for your reflections on the
course. Like the precourse evaluation, the post-course evaluation
will use the Zoomerang Web-based tool. It will take only a few
minutes to complete. Your feedback is appreciated.

PM 1-10

ITAR Restricted NESC Academy



Lesson 1: Introduction

Participant Evaluation

The comprehension check built into the precourse CD is a short,
automatically scored multiple-choice quiz. When you earn a
passing score on the quiz, you can print a precourse completion
certificate. You can take the quiz as many times as you choose.

During the course there will be a number of classroom informal
assessments to provide you with feedback on your participation in
activities and discussion. Your responses to questions will be
evaluated by Mr. Dennehy and his colleagues.

The final check at the end of the course will be a multiple-choice
test. Your responses will be gathered with participant polling
devices. Your course certificate of completion will be awarded on
the basis of those results.

Photographs and Other Media

All photographs, drawings, illustrations, schematics, animations, and
videos used in this course are courtesy of NASA, unless otherwise
noted.
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Individual/Small Group Activity 1-1

15 minutes
Polling the Participants

Purpose

This activity is designed to give you an opportunity to
tell the faculty and other participants about your
background and interests. It will also introduce you to
using the participant polling device (PPD) as a method
of increasing interaction within the class. In addition,
it will offer you an early interaction with the course
content.

Directions

1. You will use your participant polling device
(PPD) that you were issued at the beginning of
class in this activity.

2. When you use your PPD, make sure to position
yourself so that you have a clear visual path to the
receiving unit.

3. You will be asked two sets of questions:
background questions about yourself and
questions to stimulate your thinking about the
engineering challenges of satellite attitude control
systems.

4. When you answer a question on the screen, note
that your PPD number will change color on the
screen to indicate that your answer has been
recorded.

5. Answer the remaining questions as the instructor
presents them.
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Summary

This lesson has identified the objectives of this course, acquainted
you with the course requirements and schedule, introduced you to
the faculty, explained how to use this manual, and described the
course feedback mechanisms. The next lesson will give an overview
of satellite attitude control systems.
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r—- _""
&Y Whois your current

employer?

NASA
Contractor
University
Other

oo oy

——————————————

Slide 1-13
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Where are you currently
employed?

Ames
Glenn
Goddard
HQ
Johnson
JPL
Kennedy
Langley
Marshall
Other

T T Se@-meoo0Tw

—————————————

Slide 1-14
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What is your primary
reason for attending?

Satellite ACS (Historical Overview)
Technical Development

CsSl

Multivariable Control

Best Practices

AR&D

GPS

Slide 1-15
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What is your primary
background?

a. Control systems— attitude
control/stability and control

Navigation systems
Guidance systems
Systems engineering
Other

® oo o

I
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oo oy

How many years of work
experience have you had
since college?

1-2
3-4
5-6

> 6

Slide 1-17
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Who wrote the following about Attitude
Determination and Control Subsystem
(ADCS) discipline:

ADCS “... is often considered to be
the most complex and least intuitive
of the space vehicle design
disciplines...”

Werner von Braun
Henry Hoffman

Mike Griffin

Charles Stark Draper

oo oe

——————————————

Slide 1-18

PM 1-32 ITAR Restricted NESC Academy



Lesson 1: Introduction

Does your organization
have an ACS
engineering process?

a. Yes
b. No

Slide 1-19

NESC Academy ITAR Restricted PM 1-33



Satellite Attitude Control Systems

Are you familiar with the
Integrator Windup
protection (IWP) problem?

a. Yes
b. No

1-20
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Summary

* You are now ready to discuss ACS
overview

to its best advantage & keep your
evaluation notes handy

Slide 1-21

 Remember to use your Participant Manual
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