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United Launch Alliance (ULA) is proud to be a part of the Solar Dynamics Observatory (SD0O) mission with
the National Aeronautics and Space Administration (NASA).

SDO is the first satellite of NASA’s Living with a Star (LWS) program. Its purpose is to examine the sun, the
source of all space weather, which affects not only our lives here on Earth, but the Earth itself, and every-
thing outside its atmosphere including astronauts, Earth-orbiting satellites, and even the other planets. SDO
will help us understand where the sun’s energy comes from, how the inside of the sun works, and how its
energy is stored and released. Better understanding of the sun’s inner workings will also allow us to provide
earlier warnings to protect our astronauts and satellites.

My thanks to the entire Atlas team for its dedication in bringing SDO to launch, and to NASA for selecting
Atlas for this ground-breaking mission.

Go Atlas, Go Centaur, Go SDO!

Mark Wilkins
Vice President, Atlas Product Line
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The Atlas V 401 configuration consists of a single Atlas V booster stage and the Centaur upper stage. The Atlas V booster and Centaur
are connected by the conical and short interstage adapters (ISAS).

The Atlas V booster is 12.5 ft in diameter and 106.5 ft long. The booster’s tanks are structurally rigid and constructed of isogrid
aluminum barrels, spun-formed aluminum domes, and intertank skirts. Atlas booster propulsion is provided by the RD-180 engine
system (a single engine with two thrust chambers). The RD-180 burns RP-1 (Rocket Propellant-1 or highly purified kerosene) and
liquid oxygen, and delivers 860,200 Ib of thrust at sea level. The Atlas V booster is controlled by the Centaur avionics system that
provides guidance, flight control, and vehicle sequencing functions during the booster and Centaur phases of flight. The boost phase
of flight ends 6 seconds after booster engine cutoff (BECO), when the separation charge attached to the forward ISA is fired and eight
retrorockets push the spent Atlas booster stage away from the Centaur upper stage.

The Centaur upper stage is 10 ft in diameter and 41.5 ft long. Its propellant tanks are constructed of pressure-stabilized, corrosion-
resistant stainless steel. Centaur is a liquid hydrogen/liquid oxygen-(cryogenic) fueled vehicle. It uses a single RL10A-4-2 engine that
produces 22,300 Ib of thrust. The cryogenic tanks are insulated with a combination of helium-purged insulation blankets, radiation
shields, and closed-cell polyvinyl chloride (PVC) insulation. The Centaur forward adapter (CFA) provides the structural mountings for
vehicle electronics and the structural and electronic interfaces with the SC. The SDO mission uses the 4-m (14-ft) diameter large
payload fairing (PLF). The PLF is a bisector (two-piece shell) fairing consisting of aluminum skin/stringer construction with vertical
split-line longerons. The vehicle’s height with the PLF is approximately 189 ft.
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The Solar Dynamics Observatory (SDO) mission will be flown from Space Launch Complex 41 (SLC-41) at Cape Canaveral on an Atlas V
401 configuration vehicle (tail number AV-021) with a single-engine Centaur. The payload will be encapsulated in a 4-meter diameter
large payload fairing (LPF) and integrated to the Centaur upper stage using a modified D1666 payload adapter (PLA), separation system,
and electrical harness.

The SDO mission will fly an easterly trajectory from SLC-41. The spacecraft separation event will release the SDO spacecraft into an
inclined geosynchronous transfer orbit at a post-ascending node injection point. The spacecraft will then circularize its orbit using its
own on-board propulsion system and begin its nominal 5-year mission to observe the sun.

Mission telemetry data are gathered by TEL-4, Merritt Island; Jonathan Dickinson Missile Tracking Annex (JDMTA), Antigua, Guam;
Kaena, Hawaii; Thule, Greenland; Cook, Vandenberg AFB, CA; and Patrick AFB, FL Tracking Stations. The Tracking and Data Relay
Satellite System (TDRSS) constellation will also participate in gathering telemetry during the SDO mission.

Launch begins with RD-180 main engine ignition, approximately 2.7 seconds before liftoff (T-2.7 seconds). Liftoff occurs at T+1.1 seconds.
Shortly after the vehicle clears the pad, it performs its pitch/yaw/roll program. Maximum dynamic pressure occurs at approximately 92
seconds. Booster engine cutoff (BECO) occurs at approximately 243 seconds.

Centaur separation occurs 6 seconds after BECO; Centaur main engine start (MES1) occurs 10 seconds after the separation event and
payload fairing jettison takes place at 8 seconds after MES1. A little more than 15 minutes into the mission, the first main engine cut-
off (MECO1) occurs.

After reaching the guidance-determined optimum position for injection, Centaur reorients itself for its second main engine start (MES?2).
The second Centaur engine burn lasts a little less than 3.5 minutes at which point Centaur main engine cutoff (MECO2) occurs. After
MECO2, Centaur reorients its attitude for SDO separation. The SDO spacecraft separates about 3 minutes after MECO?2.
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Image Courtesy: NASA/Goddard Space Flight Center Conceptual Image Lab
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SDO will study the sun, which is still a great mystery to scientists. SDO will help us understand the sun’s energy production
mechanisms, the interior workings of the sun, and the ways in which energy is stored and released in the sun’s atmosphere. Improved
understanding of the sun and its function will enable better prediction and forecasting of space weather and earlier warnings to protect
astronauts and satellites as they perform their missions.

SDO will collect huge amounts of data, enough data to fill a single CD every 36 seconds. Because SDO has no on-board recording
system, SDO will be placed in a geosynchronous orbit (GSO) such that it maintains a constant position directly above Earth’s equator
that allows constant communication with its dedicated ground station in New Mexico.

SDO carries instruments that allow it to measure the extreme-ultraviolet spectral irradiance of the sun at a rapid rate. Other SDO
mission objectives include measuring doppler shifts in oscillation velocities over the entire visible disk, making high-resolution
measurements of the longitudinal and vector magnetic field over the entire visible disk, making images of the chromosphere (the thin
layer of the sun’s atmosphere just above its visible surface) and the inner corona (the outer layer of the sun's atmosphere) at several
temperatures at a rapid rate, and making those measurements over an 11-year solar cycle to capture any solar variations.

The Helioseismic and Magnetic Imager (HMI) looks at billions of tiny ripples that resemble earthquake waves. HMI will measure the
ripples and the magnetic field on the visible surface of the sun (the photosphere) using different colors (wavelengths). HMI will use color
to measure the sun’s magnetic field. SDO investigators will attempt to use HMI's data to model the activities inside the sun that
produce the observed effects.
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The Atmospheric Imaging Assembly (AIA) will image the corona at temperatures from 20,000 to 20 million °Kelvin with high time
resolution and a view that covers the entire visible hemisphere of the sun. Using AlA, energetic solar events can be followed from the tiniest
instabilities through the ejection of billions of tons of material into space, to the bright flaring in the corona as the magnetic field
reconfigures itself in the biggest explosions in the solar system. Four telescopes, each with two passbands, will provide eight full-disk
images every 10 seconds.

The Extreme ultraviolet Variability Experiment (EVE) monitors the sun’s extreme ultraviolet (EUV) spectrum. Because EUV rays are
completely absorbed by Earth’s atmosphere, they can best be studied from space. The brightness of EUV light from the sun varies along
its magnetic field. EVE will measure the sun’s EUV spectrum to determine the strength of light in different EUV wavelengths. EVE will
measure the sun’s EUV spectrum every 10 seconds. These measurements will help scientists predict the amount of EUV coming toward
Earth at any time based on the activity of the sun’s magnetic field.
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Centaur Parking Centaur MECO2: SO Separation:
PLF Jettison: Orbit Coast MES2 + ~ 195 sec MECO2 + 169 sec
MES1 + 8 sec P S — S S e g
o Centaur MECO1: Centaur MES2: \
. [ g (Guidance Based ~T + 6,160 sec
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% | BECO + 16 sec | Centaur Second Burn N
I End Collision and
BECO: Centaur First Burn Contamination
T4~ ' _ Avoidance Maneuver:
+~ 243 sec Booster Jettison: SC Separation + 1,000 sec
BECO + 6 sec
Mach 1: T + = 81 sec
Max Q: T + ~ 92 sec Launch:
Flight Azimuth: 93.6°
Orbit at SC Separation:
Perigee: 2,500.0 km  (1,350.0 nmi)
Apogee Altitude: 35,355.0 km (19,090.0 nmi)
Inclination: 28.5°
RAAN: 200.3°
_ Argument of Perigee: 39.9°
Liftoff: T+ 1.1 sec

Ignition: T - 2.7 sec
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List of Events
MES1 = Centaur Main Engine Start 1 (00:04:19)
MECO1 = Centaur Main Engine Cut Off 1 (00:15:17)
MES2 = Centaur Main Engine Start 2 (01:42:43)
MECO02 = Centaur Main Engine Cut Off 2 (01:45:57)
SDO Sep = SDO Separation (01:48:46)
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-00:00:03 RD-180 Engine Ignition
00:00:00 T=0 (Engine Ready)
00:00:01 Liftoff
00:00:02 Full Thrust
00:00:18 Start Pitchover
00:00:56 Begin Zero Angle of Attack Flight
00:01:21 Mach 1.0 (Speed of Sound)
00:01:32 Maximum Dynamic Pressure
00:04:03 Atlas Booster Engine Cutoff (BECQ)
00:04:09 Atlas Booster/Centaur Separation
00:04:19 Centaur First Main Engine Start (MES1)
00:04:27 Payload Fairing Jettison
00:15:17 Centaur First Main Engine Cutoff (MECO1)
01:42:43 Centaur Second Main Engine Start (MES2)
01:45:57 Centaur Second Main Engine Cutoff (MEC02)
01:48:46 SDO Spacecraft Separation (SDO SEP)
01:48:50 Begin CCAM Turn
01:50:01 Begin Telemetry Playback
01:53:46 Begin CCAM
02:23:46 End Telemetry Playback
02:46:19 End Hydrazine Depletion
02:51:46 Centaur End of Mission (EOM)

*Values Approximate
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Countdown Timeline

F-1 Day - MLP TRANSPORT TO PAD

T-11:30 T-11:00 T-10:00 T-9:00 T-8:00 T-7:00 T-6:00 T-5:00 T-4:00 T-3:00
étart Couni Weather Brief T Status Check : Weather Brief Tt Status Check
MLP Hard Dow31
* H
MLP MLP Transport Preps MLP Roll MLP Connect
GC3 & .
RF / FTS Transport Preps / Pad Connections
Flight .
Control Flight Control Preps
Atlas RP-1 Tanking
RP-1 (If Required)
Atlas/
Centaur Transport Preps Pneumatic System Preps
Pneu, Prop
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Countdown Timeline (concl’d)

F-0 Day - LAUNCH
T-6:20 T-6:00 T-5:00 T-4:00 T-3:00 T-2:00 T-1:00 T-:45 T-:30 T-:15 T-:04H
Start ., Weather Brief * Fstatus check Weather Brief+ Status check+
Count E i
. , , . l |
Flight Power Application, System Preps, Flight Control/Guidance Tests Flight Control
Control & Countdown Preps Final Preps £
2
]
g
GC3 & Open Loop Test & Monitor Preps Open/Closed Loop Tests ;
RF / FTS S
ECS ECS GN2 Preps
All Systems
on GN2 LAUNCH
Atlas/ .
Centaur Centaur LH2/L09 Preps Atlas Pressurize
Pneu Propulsion/Hydraulic Preps Chilldown &
Prop Storage Area Chilldown Tanking

16



UL/

A
United Launch Alliance




Copyright © 2010 United Launch Alliance, LLC. All Rights Reserved. Atlas is a Registered Trademark of Lockheed Martin Corporation. Used with Permission.




