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I am pleased to provide you with this release of the Athena Mission Planner’s Guide. This guide
provides essential technical and programmatic information to perform a first-order assessment of
the compatibility of your payload with the Athena launch system. The Athena launch system,
and our modular family of launch vehicles have been designed to accommodate a wide range of
small to medium class payloads and to accurately, reliably, and at low cost deliver your payload
successfully to orbit. With these features, I am confident that we can offer you, our customer,
outstanding value and service to meet both your near-term and future launch service needs.

The release of this guide followed the first successful launch of an Athena. Since that time, we
have flown several successful Athena I and II configurations from both our Eastern and Western
launch sites. Although the West Coast launches are addressed in the Athena Mission Planner’s
Guide, the Athena no longer will launch from the West Coast. Athena’s new launch site for high
inclination orbits is Kodiak Launch Complex in Kodiak, Alaska. The description of our new
launch site is supplied in a separate appendix to the User’s Guide. Also, the environments
referenced in the Athena Mission Planner’s Guide are very preliminary, as the guide does not
incorporate data from subsequent Athena flights. Updated environment data can be supplied
upon request.

Following the merger of the Lockheed and Martin Marietta corporations in early 1995, the
Athena program was transitioned to Lockheed Martin Astronautics in Denver, CO. This brought
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Martin’s 40 years of launch vehicle and satellite integration experience.

Many improvements have been made to the vehicle following the transition of the Athena
program to Denver which culminated in a very successful first launch on August 22, 1997. With
our history of mission success, the members of the Athena team are eager to assist you in the
definition and development of your mission and while pursuing our corporate goal of 100%
mission success look forward to many continued successes.

Please call me at (303) 977-4850 for any further information you may require.
Sincerely,
R. L. Malone

Director v
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FOREWORD

This LMLV Mission Planner’s Guide presents information regarding the Lockheed Martin Launch
Vehicle (LMLYV) and related launch services. A range of vehicle configurations and performance
capabilities are offered to allow an optimum match to customer requirements at low cost. Informa-
tion is presented in sufficient detail for preliminary assessment of the LMLV family for your
missions.

This guide includes essential technical and programmatic information for preliminary mission plan-
ning and preliminary spacecraft design. LMLV Performance capability, environments and inter-
faces are described in sufficient detail to assess a first-order compatibility. A description of the
spacecraft processing and launch facilities at our eastern and western launch sites is also included.
This guide also describes the operations and hardware flow for the spacecraft and launch vehicle
leading to encapsulation, spacecraft mating and launch.

This guide is subject to change and will be revised periodically.
For inquiries, contact:

Jerry L. Cobb
Director, LMLV Commercial Launch Services

Telephone: (303) 977-3356
Fax: (303) 977-6177
E-mail: jerry.cobb@Ilmco.com

Postal Address:

Lockheed Martin Astronautics
P.O. Box 179

Denver, CO 80201-0179
MS DC1155

Street Address:

Lockheed Martin Astronautics
12999 Deer Creek Canyon Road
Littleton, CO 80127-5146

MS DC1155
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1.0 INTRODUCTION
1.1 SUMMARY

The LMLV Mission Planner’s Guide 1is
designed to provide current and potential LMLV
launch services’ customers with information about
the operational LMLV family, shown in Figure
1.1-1, and related spacecraft services. A full range
of technical planning data is included in this guide
to allow the user to assess the compatibility of the
user’s payload with the various interfaces of the
LMLV system.
1.2 LAUNCH SERVICES

The LMLV is offered to commercial and gov-
ernment launch services users through the Com-
mercial Launch Services (CLS) organization of
Lockheed Martin. Through CLS, the launch

Development Launch Vehicle Aug 95
LMLV1 Initial Launch Capability Aug 97
LMLV2 Initial Launch Capability Oct 97

003_0052_2.97

Figure 1.1-1 The LMLVI and LMLV?2 provide highly
reliable, low-cost access to space.
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services customer has access to a dedicated team of
technical and management specialists to readily
define the complete and most cost-effective LMLV
launch services solution.

The LMLV/CLS organization offers a full
launch service. from spacecraft integration, pro-
cessing and encapsulation, through launch opera-
tions and verification of orbit. The typical launch
service includes:

1) Launch of the LMLYV;

2) Launch operations services;

3) Mission-peculiar hardware and software
design, test, and production;

4) Technical launch vehicle/spacecraft integra-
tion and interface design;

5) Launch facilities and support provisions;

6) Payload processing facilities;

7)  Spacecraft support at the launch site;

8) Range safety and support interface;

9) Mission management;

10) Validation of spacecraft separation sequence

and orbit.

With authority to proceed on a launch services
contract, the LMLV program immediately assigns
a single point-of-contact, the Mission Manager, to
be responsible for program development and man-
agement. The Mission Manager acts as the cus-
tomer’s advocate to the various organizations
within Lockheed Martin, its subcontractors, and
suppliers. The Mission Manager’s primary duty is
to arrange the resources necessary for the success-
ful completion of the launch services contract and
to ensure complete customer satisfaction.

In cases that involve the national security
interests of the United States, such as with the
National Reconnaissance Organization (NRO),
separate integration management resources of the
Lockheed Martin Astronautics organization are
called on to handle the unique requirements typi-
cally associated with the integration and launch of
these types of payloads.

As part of our LMLV launch services contract
support, administrative guidance and assistance
can be provided, when needed, in meeting
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government regulations, including import and
export licenses, permits, and clearances from gov-
ernment and political entities.

The LMLV/CLS organization procures all
commercial and government agreements required
to launch the LMLV and supports the customer in
procuring all agreements required to launch the
spacecraft. The LMLV/CLS organization also pro-
cures all agreements covering payload and LMLV
processing facilities, services, and range support at
Cape Canaveral Air Station (CCAS) in Florida and
Vandenberg Air Force Base (VAFB) in California.
1.3 ADVANTAGES OF SELECTING LMLV

Our launch vehicles and services provide the
following key advantages:
1) Backed by Lockheed Martin, the world’s larg-
est aerospace company, with stable, long-term
capability in space products and services;
More than 40 years of launch vehicle devel-
opment and spacecraft integration experience
enables us to have, in-place, the right person-
nel, procedures, test facilities, and analysis
tools to provide a successful launch;

2)

3) A dedicated Mission Manager supported by
the resources and capabilities of Lockheed
Martin;

A conservative design with flight-proven
components that provides highly reliable,

low-cost, access to space;

4)

5) Proven non-segmented solid rocket motors
with demonstrated high reliability;

A large payload fairing that accommodates
large spacecraft volume and volume growth;
Moderate payload launch environments (€.g.,
loads, shock, vibration, acoustic, thermal and
electromagnetic) that are generally lower than
those of other launch vehicles in this class;
Lockheed Martin’s unique Simulation Labo-
ratory (SimLab) is configured to “fly” the
integrated LMLV mission-specific software
and avionics hardware in-the-loop before
launch;

East Coast launch facilities for launch of
low-inclination spacecraft missions;

6)

7)

8)

9)
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10) Dedicated West Coast launch facilities for

launch of high-inclination  spacecraft
missions;
11) An established mission success organization

dedicated and committed to the success of
each and every mission;
12) The combined resources and experience of
the Titan, Atlas and LMLV teams to meet the
challenging commercial launch services
needs of the future.
1.4 LAUNCH SYSTEM CAPABILITIES AND

INTERFACES

The LMLV launch system is comprised of a
number of hardware and software-based sub-
systems and engineering, manufacturing, and
operations processes that are designed to properly
integrate the spacecraft with the launch vehicle.
The remainder of this section summarizes the
major interface and process components of the
LMLV system. More detailed information can be
found in the related sections of this guide.

1.4.1 LMLV Launch System

The LMLV has been designed to provide
highly reliable, low-cost access to space, primarily
by utilizing non-segmented solid rocket motors.
The LMLV solid fueled propulsion systems pro-
vide advantages over liquid fueled propulsion sys-
tems by providing handling convenience and sig-
nificantly reducing on-pad time by simplifying
prelaunch and launch operations.

The LMLV family consists of two basic con-
figurations; designated LMLV1 and LMLV2, and
two enhanced configurations;  designated
LMLV1B and LMLV2B. The family has applica-
tion for a range of spacecrafts according to mission
and program requirements. The basic LMLV1 is
capable of delivering up to 1,548 1b (702 kg) to
low-Earth orbit (LEO) and the basic LMLV2 is
capable of delivering up to 4,219 1b (1,914 kg) to
LEO. The enhanced LMLV1B is capable of deliv-
ering up to 1,905 Ib (865 kg) to LEO and the
enhanced LMLV2B is capable of delivering up to
4,355 1Ib (1,976 kg) to LEO. LEO is defined as a
100 nmi circular orbit inclined at 28.5 deg.
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The LMLV1 and 1B and the LMLV?2 and 2B
all use common components and systems, as
shown in Figure 1.4.1-1 to achieve mission
requirements for performance, reliability, and cost.
The modular architecture allows for common hard-
ware, build processes, testing, launch site facilities,
assembly and checkout, ground support equip-
ment, and launch operations procedures.

LMLV1 Description—The LMLVI is a
three-stage vehicle. It has an overall height of 61.9
ft (18.9 m), a maximum diameter of 93 in. (236
cm), and a lift-off weight of 146,100 Ib (66,300
kg). The major components of the LMLV 1 include:
The Castor 120® first-stage motor; the interstage
structure; the Orbus® 21D second-stage motor; the
Orbit Adjust Module (OAM), which includes the
equipment section structure, attitude control sys-
tem (ACS) and avionics; the Model 92 payload
fairing; and the payload adapter.

LMLV2 Description—The LMLV2 is a
four-stage vehicle. It has an overall height of 93.2
ft (28.4 m), a maximum diameter of 93 in. (236
cm), and a lift-off weight of 266,100 1b (120,700

kg). The LMLV2 has a large number of compo-
nents common to the LMLV1. Major components
unique to the LMLV?2 include: The Thiokol Castor
120® second-stage motor; a structurally aug-
mented lower interstage section between the first-
and second-stage motors; and an additional flight
termination destruct package and ordnance for the
second-stage motor.

LMLV1B Description—The LMLVIB is a
variation of the LMLV | that replaces the monopro-
pellant propulsion system in the OAM with a
bipropellant propulsion system. The bipropellant
system operates in a dual-mode utilizing hydrazine
and nitrogen tetroxide, for orbit insertion and/or
trim burns, and hydrazine for attitude control
burns. The bipropellant system increases the per-
formance of the LMLV1 by 357 Ib (162 kg) to
LEO.

LMLV2B Description—The LMLV2B is a
variation of the LMLV?2 that uses the same bipro-
pellant propulsion system as the LMLV1B. The
bipropellant system increases the performance of
the LMLV?2 by 136 Ib (62 kg) to LEO.

Common Hardware Systems

92-in. Payload Fairing
e Aluminum-Lithium
¢ Zip Tube Separation System

Orbital Adjust Module
e Aluminum-Lithium
* ACS (Mono- or Bi-Propellant)

N\ A

___Sta2122
(92" Interface)

Y — 4 Axial Thrusters % LMLV2-Unique
/ — 6 Radial Thrusters Hardware/Systems
» Flight Electronics
|~ Second Stage Castor 120®
orbus® 21D | » Cold Gas/Hydraulic
Sta 2498 /  Electromechanical - TVC Actuators
“ TV
(92" Interface) A | C Actuators -
61.9 ft 4 7 284w
(18.9m) f - Interstage (Upper) =
R e Aluminum 1 Interstage (Lower)
" = e Aluminum
41.8
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/— ¢ Cold Gas/Hydraulic \ 23.2 t
= TVC Actuators '1 (22.3 m)
i
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L— e
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Figure 1.4.1-1 Our use of common components and systems meets mission requirements reliably and at low cost.
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1.4.2 Mission Design and Performance

The LMLV has been designed to provide the
small spacecraft community with low-cost, highly
reliable access to space. The LMLV has the capa-
bility of accurately delivering payloads weighing
up to 4,355 1b (1,976 kg) to orbit. Achievable orbits
range from circular to highly elliptical and cover a
broad range of inclinations, from low, using our
Eastern Range (ER) launch facilities, to polar and
sun-synchronous, using our Western Range (WR)
launch facilities. Section 2.0 discusses the full
range of mission designs and performance capabil-
ities available to the customer.

1.4.3 Environments

All environments specified for the LMLV
(e.g., loads, shock, vibration, acoustic, thermal and
electromagnetic) are based on engineering analy-
ses and have been thoroughly validated by test and
flight telemetry data. LMLV instrumentation
enables the telemetering of high-frequency mea-
surements concerning the spacecraft interface and
environments. These measurements allow verifica-
tion of the interface control document (ICD) flight
environments for each LMLV mission. Section 3.0
discusses the environments to which the spacecraft
is exposed.

1.4.4 Spacecraft Interfaces

Lockheed Martin has developed simple, reli-
able mechanical and electrical interfaces that allow
the spacecraft to be integrated to the launch vehicle
quickly and with minimal risk. Our standard Model
92 payload fairing and five standard payload adapt-
ers, available for LMLV missions, are shown in
Figure 1.4.4-1.

Payload Fairing—Lockheed Martin pro-
vides a large 92-in. diameter payload fairing (PLF).
The PLF provides a thermal and acoustic enclosure
that protects the payload from prelaunch opera-
tions through atmospheric ascent. Portions of the
external surfaces of the PLF are insulated with cork
to limit temperatures to acceptable values. Non-
contaminating thermal control coatings are used on
internal surfaces to reduce incident heat fluxes to
the spacecraft. Low out-gassing parts and materials

are used inside the PLF to reduce spacecraft con-
tamination.

Payload Adapters—Lockheed Martin pro-
vides five standard payload adapters (P/A); the
Model 24, 37, 38, 47 and 66. The P/A supports and ‘
mechanically connects the spacecraft to the launch
vehicle. Each P/A is designed to assure that the
proper clearances are maintained for an unob-
structed separation. Standard separation systems
and connectors are available for the Model 24, 37,
38 and 47 payload adapters. Other payload adapt-
ers and separation systems may be specified or pro-
vided by the customer. Positive spacecraft separa-
tion is detected through continuity loops, installed
in the electrical separation connectors, and teleme-
tered to the ground. This system provides near
real-time, positive confirmation of the spacecraft
separation event.

Mission-Peculiar Items—In addition to the
P/A and separation system, Lockheed Martin pro-
vides launch vehicle mission—peculiar (LVMP)
items to support the spacecraft during the launch
vehicle mission. LVMP items include payload fair-
ing access doors, acoustic blankets, and other hard-
ware that the payload may require as mis-
sion—unique standard or nonstandard services.

Section 4.0 describes our launch vehicle and
ground system interfaces with the spacecraft.
1.4.5 Spacecraft and Launch Facilities

Upon arrival to the launch site, most space-
craft require the use of payload and/or hazardous
processing facilities for final checkout and pro-
cessing of on-board systems before launch. Section
5.0 summarizes the payload processing facilities as
well as the operational capabilities and interfaces
of the launch facilities used by LMLV in operations
at CCAS in Florida. Section 6.0 summarizes the
payload processing and launch facilities used by
LMLYV in operations at VAFB in California.

1.4.6 Launch Campaign

The LMLV Jlaunch campaign processes
require the involvement of the launch services cus-
tomer and the spacecraft contractor. Section 7.0
provides a first-order overview of our operations
processes and discusses issues that the potential
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Figure 1.4.4-1 Standard payload fairing and payload adapters available fbr LMLV missions.
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launch services user may wish to consider early in
the mission integration process.

1.4.7 Mission Integration and Management

The mission integration and management pro-
cess is designed to effectively use the engineering
and production talents of Lockheed Martin Astro-
nautics as well as those of the spacecraft contrac-
tors organizations to integrate the spacecraft with
the LMLYV. Section 8.0 provides an overview of the
mission integration process and launch services
management functions in place for both commer-
cial and government missions. Our 24-month inte-
gration schedule, typical for most spacecraft mis-
sions, is discussed. Our management approach and
a summary of integration analyses tasks are pro-
vided to enable the customer to have full confi-
dence in the mission integration process.

1.4.8 System Enhancements

Section 9.0 provides insight into Lockheed
Martin’s plans for enhancing the LMLV to meet the
high end launch services needs of the small launch
vehicle community. Some of the enhancements
include:

1) Orbus® 21G;

2) Orbus® 21HP;

3) 120 in. Payload Fairing;
4) Alternate Launch Sites.
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1.4.9 Supplemental Information

The following three appendices are provided
to address various issues in more detail:
1) Appendix A discusses the heritage of the
LMLV and provides a more detailed descrip-
tion of its stages, components and sub-
systems;
Appendix B provides details of our mission
success philosophy and quality assurance
process firmly in place at our facilities and at
our subcontractors and suppliers;
Appendix C defines the desired exchange of
technical data requirements to support the ini-
tial mission development process. In addition,
a discussion of the type and format of techni-
cal data needed is summarized to provide
insight into the exchange of information
between the spacecraft contractor, launch ser-
vices customer, and launch vehicle contractor
that occurs during the typical mission integra-
tion process.
1.5 CONCLUSION

The members of the LMLV team are eager to
assist in the definition and development of future
LMLV missions. The Foreword of this document
contains information to allow the potential launch
services customer to contact the appropriate CLS
representative.

2)

3)
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2.0 MISSION DESIGN AND PERFORMANCE

This section describes the performance capa-
bilities of the LMLV family of configurations.
Together these configurations have the capability
to accurately deliver payloads weighing up to
47355 1b (1,976 kg) to orbit. Achievable orbits
range from circular to highly elliptical, and cover a
broad range of orbital inclinations, from low, using
launch azimuths available from our launch site at
the Eastern Range (ER), to polar and sunsynchro-
nous, using launch azimuths available from our
launch site at the Western Range (WR), all with a
high degree of accuracy for spacecraft position and
attitude at spacecraft separation. Performance to
geosynchronous transfer orbits (GTO) and plane-
tary missions are also described in this section.

2.1 MISSION DESCRIPTIONS

Data for five representative inclinations is
provided: Two ER mission profiles, low-Earth
orbit (LEO) launches at 28.5 degrees and 50
degrees; and three WR mission profiles, LEO
launches at 70 degrees, 90 degrees and 99 degrees.
These cases were selected because they bracket the
range of launch azimuths and orbit inclinations
most commonly used from each location. These
cases well represent our performance capabilities
and provide the basis for interpolation to meet the
initial needs of most users. Please contact Lock-
heed Martin for specific mission data that is not
covered here.

2.1.1 Launch Sites

The launch sites that presently accommodate
launches of the LMLV family are: Launch Com-
plex-46 (LC-46) located at the ER at Cape Canav-
eral Air Station (CCAS) on the Atlantic Coast of
Florida, and Space Launch Complex-6 (SLC-6) at
the WR at Vandenberg Air Force Base (VAFB) on
the Pacific Coast of California. Figure 2.1.1-1
shows the range of azimuths and inclinations avail-
able from both of these sites. Lower inclinations
than those in the range shown can be achieved by
using “dog-leg” trajectory maneuvers, although
these maneuvers may result in significantly less
payload weight-to-orbit. Also, there are some azi-
muth and trajectory restrictions that are launch-site
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peculiar as related to stage impact, debris fallout,
safety and security reasons. Trajectory maneuvers
can be used to compensate for these restrictions
although these too may result in significantly less
payload weight-to-orbit. Please contact Lockheed
Martin for range safety related details concerning a
specific mission inclination. Both ranges are
readily accessible by rail, air, and road transport,
and are well-equipped to support the full range of
spacecraft customer needs.

2.1.2 Mission Profiles

The mission profiles provided illustrate how
the vehicle will fly to obtain the required orbit from
lift-off through orbit insertion. Figure 2.1.2-1 illus-
trates a typical LMLV1 profile and its key events.
Figure 2.1.2-2 illustrates a typical LMLV2 mission
profile and its key events. For most missions, the
ascending LMLYV injects into a transfer orbit with
apogee at the target altitude. The LMLV adjusts the
trajectory loft and coast period to achieve the
required velocity for transfer orbit insertion using
the Orbit Adjust Module (OAM) for vernier con-
trol. For the LMLV 1, the OAM provides additional
energy to achieve orbit and trims the final velocity
for the required orbit. For the LMLV2, orbital
velocity is provided by the Orbus® 21D (Stage 3)
and the OAM trims the final velocity for the
required orbit. In both configurations, the OAM is
used to raise perigee and circularize the orbit.
Orbits achievable using the LMLV family range
from circular at altitudes to 700 nmi or more, to
those that are extremely elliptical, depending on
the mass properties of the spacecraft. Payload
weight-to-orbit capability varies as a function of
the amount of energy needed to attain the orbit and
altitude required.

2.1.3 Launch Trajectories and Sequences
of Events

Typically, the launch commences upon certi-
fication of launch readiness given by the range con-
trol authority. Commensurate with that authority,
the LMLV family can be launched at any time of
day, any day of the year, to accommodate even the
most restricted launch window. The events that fol-
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Figure 2.1.1-1 Possible Launch Azimuths and Orbit Inclinations from the Eastern and Western Ranges

low first-stage ignition are sequenced to implement
the mission-unique trajectory designed for the
spacecraft.

‘Figure 2.1.3-1 illustrates a representative
LMLV1 trajectory. Shown are the elapsed time
from launch, velocity, altitude, and range for sig-
nificant launch events typical of a 100-nmi (185-
km), 28.5-degree inclined orbit launched from the
ER. For an LMLV1, the Castor 120® first-stage
motor burns for approximately 90 seconds. During
this phase of flight, attitude control is provided by
the first-stage thrust vector control system. Follow-
ing first-stage burnout the vehicle coasts under the
control of the attitude control system (ACS). The
duration of this ascent coast period is determined

by the desired orbital parameters. The payload fair-
ing is jettisoned during the ascent coast at nomi-
nally five seconds before second-stage ignition.
Second-stage ignition and separation from the
first-stage motor occur simultaneously. The

~Orbus® 21D second-stage motor burns for approx-
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imately 148 seconds. During this phase of flight,
attitude control is provided by the second-stage
thrust vector control system. After second-stage
burnout, the OAM and payload separate from the
Orbus® 21D and coast for a duration determined by
the desired orbital parameters. The OAM then
burns to achieve the final orbital velocity. The
spacecraft can be separated or allowed to coast,
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Figure 2.1.2-1 Typical LMLV1 Mission Profile

attached to the OAM, until within view of a ground
telemetry station.

Figure 2.1.3-2 illustrates a representative
LMLV?2 trajectory. Shown are the elapsed time
from launch, velocity, altitude, and range for sig-
nificant launch events typical of a 100-nmi (185-
km), 28.5-degree inclined orbit launched from- the
ER. For an LMLV2, the Castor 120® first-stage
motor burns for approximately 90 seconds. The
Castor 120® second-stage motor ignites immedi-
ately following burnout of the first-stage motor.
During first-and second-stage burns attitude con-
trol is provided by the respective stage's thrust vec-
tor control system. Following second-stage burn-
out, the vehicle coasts under the control of the
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ACS. The duration of this ascent coast is deter-
mined by the desired orbital parameters. The pay-
load fairing is jettisoned during the ascent coast at
nominally five seconds before third-stage ignition.
Third-stage ignition and separation from the sec-
ond-stage motor occur simultaneously. The
Orbus® 21D third stage burns for approximately
148 seconds and achieves the required transfer
orbit velocity. A short ACS burn is performed, if
required, to trim the apogee of the transfer orbit.
After the transfer coast, a second ACS burn is per-
formed to raise perigee to the target altitude. The
spacecraft can be separated or allowed to coast,
attached to the OAM, until within view of a ground
telemetry station.
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Figure 2.1.2-2 Typical LMLV2 Mission Profile

When spacecraft-provided propulsion is used
to augment the launch ascent, an alternate mission
profile is created in which the ACS propellant load
is optimized for insertion of the spacecraft into an
elliptical transfer orbit, or maximized to reach a
higher target apogee. In both cases, sufficient pro-
pellant is provided to maintain attitude control dur-
ing deployment of the spacecraft and to perform a
contamination and collision avoidance maneuver
(CCAM) following separation of the spacecraft.
When using this approach, the spacecraft propul-
sion system typically performs a circularization
burn following separation. The benefits of this
approach are a higher final mission orbit or more
payload weight-to-orbit, or both. Planetary mis-
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sions are typically accomplished using a similar
sequence of events. In these cases the spacecraft
propulsion system typically provides the required
escape velocity while in the circular or elliptical
low-Earth orbit.

2.2 PERFORMANCE CAPABILITY

The LMLV family has been cost optimized to
deliver small-to-medium sized payloads, up to
4,355 1b (1,976 kg), to orbit. Variables that effect
performance capability, such as, orbital parame-
ters, LMLV configurations, payload dimensions,
and trajectory constraints are discussed in this sec-
tion.

Performance margins reflecting the maturity
of the current vehicle design have been applied to
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