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1.0 INTRODUCTION

Purpose The purpose of the Sea Launch User’s Guide is to describe, on a general
basis, the Sea Launch system and associated services. This document is
the starting point for understanding how the capabilities of the Sea
Launch system and spacecraft integration process come together in
delivering satellites to desired orbits. Further information is readily
available by contacting Sea Launch directly.

1.1 Overview of the Sea Launch System

What the System  The Sea Launch system includes:
Includes = The Zenit-3SL launch vehicle
e The Launch Platform (LP)
e The Assembly and Command Ship (ACS)
e Spacecraft and launch vehicle processing facilities
e Tracking and communications assets

Sea Launch Standard Offerings and Options (Appendix B) describes the
hardware, launch services, facilities, support services, and optional
services provided by the Sea Launch Company, L.L.C.

The Launch Platform and the Assembly and Command Ship are located
at Sea Launch Home Port, in the Port of Long Beach in Southern
California. The Payload Processing Facility (PPF), which accommodates
a state-of-the-art, full range of spacecraft electrical and mechanical
processing, testing and fueling capabilities, is also based at Sea Launch
Home Port.
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Sea Launch’s The unique attributes of the Sea Launch system offer satellite operators a
Unique Attributes ~ Mmultitude of benefits when considering launch vehicle providers.

and Advantages Beginning with a foundation based upon the use of the robust and flight-
proven Zenit-3SL integrated launch vehicle (ILV) and its associated
launch support systems, combined with the expertise and experience of
our people, Sea Launch’s objective is to utilize these attributes to assure
mission success for our customers. Sea Launch advantages include:

e Mission Assurance and Reliability

e Led by Boeing, the Sea Launch Mission Assurance organization
represents the blending of the best practices of U.S. companies,
European companies, and companies from Russia and Ukraine

e Utilizes an integrated set of systems and processes that ensures
mission success and ever-increasing product reliability

e The demonstrated Zenit-3SL flight-history is comparable to the
new-generation of heavy-lift vehicles

e Built-in Schedule Assurance

e The use of a dedicated Zenit-3SL Launch Vehicle that is free of
co-passenger constraints

e Launching from an equatorial launch site with no significant
weather-related restrictions

e Optimized Performance

e Sea Launch provides an optimized mission design, based on full
vehicle capability to ensure maximum performance to GTO

e Lift capability exceeding 6,000 kilograms to GTO
e Industry’s most direct route to GTO

e From our equatorial launch site, Sea Launch offers simplified
mission profiles with shorter mission durations, fewer staging
events and correspondingly less risk

e Increased on-orbit maneuvering lifetime (OML) or greater
spacecraft mass to orbit when compared to other, non-equatorial,
launch sites

e Experienced Personnel

e Extensive integration experience with all major spacecraft
platforms affords Sea Launch’s customers strong confidence for
mission success.

e A staff and management team consisting of highly knowledgeable
technical and managerial personnel with long-term industry
experience.

e Direct interaction with English speaking technical specialists
facilitates efficient integration and verification of compliance to
spacecraft requirements.
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Mission Timeline  The first launch of a new spacecraft type (i.e., a spacecraft never
integrated by Sea Launch) can be accomplished within eighteen months
after contract signature. Repeat missions of spacecraft previously
integrated by Sea Launch can be completed within twelve months after
contract signature.

Sea Launch is capable of reducing the time required for integrating and
launching spacecraft. Deviations from the standard eighteen-month and
twelve-month flows may be accommodated on a case-by-case basis,
recognizing factors such as, but not limited to, previous flight experience.
Some generic timelines for missions are shown in Figure 1-1. For a two-
cycle mission, a Preliminary Design Review (PDR) and a subsequent
Critical Design Review (CDR) are necessary to demonstrate compliance
with spacecraft requirements. Both reviews are typically conducted near
the end of the Preliminary and Final Design Cycles. For a single-cycle
mission, only a CDR is conducted. For more information on these
reviews, refer to Section 4. Similarly, the standard mission cycle time is
fifty-five days between launches. Sea Launch has committed to reducing
launch cycle time with a commensurate reduction in spacecraft processing
time.

Companies considering the Sea Launch system should review the initial
information that will be required by Sea Launch (Appendix A) and be
prepared to deliver that information as soon as possible after contract
signature. Sea Launch will use this information to begin the integration
process.
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1.2 Sea Launch Organization

Overview

Sea Launch Limited Partnership is an exempt Cayman Islands entity that
acts through its sole general partner, Sea Launch Company L.L.C. which
is a Delaware limited liability company. The limited partners of Sea
Launch Limited Partnership consist of:

e Boeing Commercial Space Company (BCSC)

e RSC Energia

e SDO Yuzhnoye/PO Yuzhmash

e Aker

Partner locations and operating centers are shown in Figure 1-2.

Each partner is also a supplier/contractor to the company, capitalizing on
the strengths of these industry leaders. The Boeing, Energia,
Yuzhnoye/Yuzhmash, and Aker team of contractors has developed an
innovative and successfully proven approach to establishing Sea Launch
as a reliable, cost-effective and flexible commercial launch service
provider.
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Figure 1-2. Sea Launch Partner Locations
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Sea Launch
Company

The Sea Launch Company, headquartered in Long Beach, California, is
populated by selected representatives of the partner companies. Charged
with managing the overall program, Sea Launch responsibilities include:

Overall operations management
Business management

Supplier management

Marketing and sales

Customer relations
Communications

Insurance and financing

Chief Systems Engineering Office

Mission Management

Sea Launch is organized to ensure mission success by having segment
managers responsible for the hardware acquisition, acceptance, and
operational support of each program element.
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The Boeing The Boeing Company brings expertise in space systems integration, a
Company reputation for product integrity and dedication to customer service.
Boeing responsibilities include:

e Designing and manufacturing the payload fairing (Figure 1-3) and
adapter

e Managing Home Port operations

e Integrating the spacecraft with the payload accommodations and the
Sea Launch vehicle

e Performing mission analysis and analytical integration
e Leading mission operations
e Securing launch licensing

e Providing range services

265807J6-251/R1

Figure 1-3. Payload Fairing
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RSC Energia RSC Energia, the premier Russian space company, brings its well-known
experience in space exploration and launch system integration to the Sea
Launch System. Energia is a joint stock company established under the
laws of the Russian Federation, with its principal place of business in
Korolev (six kilometers northeast of Moscow), Russia. Energia has
overall responsibility for:

Manufacturing the Block DM-SL upper stage (Figure 1-4)
Developing and operating the automated ground support equipment

Integrating the Block DM-SL with the Zenit 2S and launch support
equipment

Managing the launch support equipment on board both the Launch
Platform and the Assembly and Command Ship

Developing flight design documentation for the flight of the upper
stage

Performing launch operations and range services

ENERGIA @

265807J6-252

Figure 1-4. Block DM-SL
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SDO
Yuzhnoye/PO
Yuzhmash

SDO Yuzhnoye and PO Yuzhmash, the leading Ukrainian aerospace
companies, are established under the laws of Ukraine, with their
principal place of business in Dnepropetrovsk, Ukraine. They are also
contractors to the Sea Launch Company, L.L.C. As a principal designer
of ballistic missiles and launch vehicles, they have conducted hundreds
of successful launches over the past four decades.

SDO Yuzhnoye designs and PO Yuzhmash manufactures the Zenit two-
stage launch vehicle derived from the heritage Zenit 2 rocket illustrated
in Figure 1-5, which comprises the first two stages of the Sea Launch
vehicle. Yuzhnoye/Yuzhmash are responsible for:

* Producing the first and second stages of the Zenit 2S launch vehicle
e Integrating the launch vehicle flight hardware

e Developing flight design documentation for launch, with respect to
the first two stages

e Supporting Zenit processing and launch operations

Several significant configuration modifications were made to allow the
basic Zenit design to meet Sea Launch’s unique requirements. For
example, the base of the launch vehicle was stiffened to provide greater
structural strength required on a dynamic launch platform.

e W

KoHCTpyKTopeKoe 6:0po 10,
DEsigmy

W
s

265807J6-253

Figure 1-5. Zenit 2 Launch Vehicle
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Aker Aker, based in Oslo, Norway, is one of Europe’s largest ship builders,
with extensive experience in developing offshore oil platforms designed
for operations in the harsh North Sea environment.

During development, Aker (formerly Kvaerner) was responsible for:

e Designing and building the Assembly and Command Ship (Figure 1-
6)

e Designing and reconstructing the Launch Platform
e Integrating the marine elements

Barber Moss Ship Management is responsible for marine operations and
maintenance of both vessels.

SHG0681874-001

Figure 1-6. Launch Platform and Assembly and Command Ship
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2.0 VEHICLE DESCRIPTION

Overview

Design

Flight History

The Zenit-3SL is a liquid propellant launch vehicle capable of
transporting spacecraft to a variety of orbits. Figure 2-1 shows the Zenit-
3SL principal components:

e Zenit Stage 1
e Zenit Stage 2
e Block DM-SL upper stage
e Payload unit

Payload Block

- Unit __,|DM-SL|. Sltgie 2 S3t2agge 1 |
11.39 m 4.9m 34-0’;: 32 On;t
@741 |@e1fy] (340M (108.0 ft)
ORI
i (e

o

4.15m 3.7m 3.9m 3.9m
(13.6 ft) (12.1ft) (12.8ft) (12.8 ft)
2P341004.1

Figure 2-1. Zenit-3SL Launch Vehicle

The original two-stage Zenit was designed by SDO Yuzhnoye to
reconstitute military satellite constellations quickly. The design
emphasizes robustness, ease of operation, and fast reaction times. The
result is a highly automated launch capability using a minimum
complement of launch personnel.

The Zenit launch vehicle was first launched in 1985 from Baikonur
Cosmodrome in Kazakhstan. As of the time of publishing, the Zenit 2
and Zenit 2SLB vehicles have successfully completed 32 missions in 37
launch attempts.

The Zenit first-stage booster also served as a strap-on for the Energia
launch vehicle and logged an additional eight successes in two flights in
this capacity.

The Block DM-SL is a modification of the existing Block DM developed
by RSC Energia. It has a long and successful history as the fourth stage
of the Proton launch vehicle.
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With the addition of an upgraded avionics and guidance suite, the Block
DM superseded the Block D upper stage in 1974 and has since flown 239
successful missions as of the time of publishing. Primary missions have
been geosynchronous transfer orbit; geosynchronous Earth orbit; and
interplanetary, including missions to Halley’s Comet, Venus and Mars.

Significant configuration differences between the Zenit-3SL and its
predecessor are:

e New navigation system

e Next-generation flight computer

e Stiffened first stage

e Fueling lines modified for third stage

In addition, several enhancements have been made to the Zenit-3SL to
upgrade the performance capability from 5,250 kilograms to over 6,000
kilograms to GTO. These changes fall into three categories:

e Energy increase (includes Block DM-SL engine extended nozzle,
second-stage main engine thrust increase from 87 tons force to 93
tons force, and the addition of propellant for all three stages)

e Mass reductions across all three stages and payload accommaodations

e Optimization of the propellant usage in all three stages

The current flight history of the Zenit-3SL is shown on the Sea Launch
web page at http://www.sea-launch.com/history.htm.

Payload Payload accommodations were developed by The Boeing Company

Accommodations  specifically for the Sea Launch Company. The design is based on launch
experience that extends back over three decades. The payload
accommodations design protects the spacecraft from transportation,
handling, launch and flight environments.

The design features:
e Streamlined operational flows
e Flexibility to accommodate varied spacecraft models
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2.1 Zenit Stage 1

Stage 1 Primary
Structure

RD-171M Engine

The Zenit Stage 1 primary structure is aluminum with integrally
machined stiffeners (Figure 2-2). It is based on the same engine and core
fuselage that was also used for the four strap-on boosters for the Russian
Energia heavy-lift Buran launch vehicle. There have been two such
Energia launches, both successful.

265807J6-231

Figure 2-2. Stage 1, Zenit-3SL

The RD-171M engine, which powers Stage 1, burns liquid oxygen and
kerosene (Figure 2-3). It provides an impressive 740,000 kgf (1.6 million
Ibf) of thrust at liftoff and is one of the most powerful engines in the
world. The four thrust chambers are fed by a single, vertically mounted
turbopump, powered by two gas generators feeding hot oxidizer-rich gas
to a single turbine. Four differentially gimbaled thrust nozzles provide
directional control during Stage 1 flight.
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Figure 2-3. RD-171M Stage 1 Engine
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Overall
Specifications and
Configurations

Zenit specifications and performance parameters are shown in Table 2-1.
Stage 1 and Stage 2 configurations are shown in Figure 2-4.

Table 2-1. Zenit Specifications

Zenit Stage 1 Stage 2

Length 32.9 m (108 ft) 10.4 m (34 ft)

Diameter 3.9m (12.8 ft) 3.9 m (12.8 ft)

Weight (fueled) 354,582 kg 90,757 kg
(781,719 Ib) (200,085 Ib)

Thrust (sea level) 740,000 kgf Not applicable
(1.63 million Ibf)

Thrust (vacuum) 806,400 kgf main - 93,000 kgf

Fuel (kerosene)

Oxidizer (LOX)

(1.78 million Ibf)

88,768 kg (195,700
Ib)

233,512 kg (514,805
Ib)

(205,026 Ibf):

vernier - 8,100 kgf
(17,900 Ibf)

22,832 kg
(50,336 Ib)

58,908 kg
(129,869 Ib)
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Block DM-SL
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Figure 2-4. Zenit Stage 1 and Stage 2 Configuration
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2.2 Zenit Stage 2

Stage 2 Primary
Structure

The Zenit second stage also uses integral stiffened aluminum
construction (Figure 2-5). Stage 2 propellants are liquid oxygen and
kerosene. The lower kerosene tank is toroid-shaped, and the liquid
oxygen tank is a domed cylinder. The stage is powered by a single-
nozzle RD-120 engine, which produces 93,000 kgf (205,026 Ibf) of
thrust in flight.

. s Cn—
! —— I Gl e “
- - ; )

Three-Axis
Control

.....

265807J6-258

Figure 2-5. Stage 2, Zenit-3SL

The RD-8 vernier engine mounted in the aft end of Stage 2 provides
three-axis attitude control. The RD-8 uses the same propellants as the
single fixed-nozzle RD-120, with one turbopump feeding four gimbaling
thrusters. The RD-8 produces 8100 kgf (17,900 Ibf) of thrust in flight.
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2.3 Block DM-SL—Upper Stage

Configuration The Block DM-SL is a restartable upper stage capable of igniting up to
five times during a mission. Avionics are housed in a sealed toroidal
equipment bay at the front end of the upper stage. An interstage cylinder
of aluminum skin and stringer construction encloses the Block DM-SL.

The configuration of the Block DM-SL is shown in Figure 2-6.

Propulsion Propulsive capability for the upper stage is provided by the 11D58M
engine, which operates on a combination of liquid oxygen and kerosene.
The kerosene is contained in a toroidal tank that encircles the main
engine turbopump. The spherical liquid oxygen tank is located above the
fuel tank.

The 11D58M has a single gimbaling nozzle that provides directional
control during propulsive phases.

PLF

Avionics/ interface
e — equipment —= plane
- A S
| L Middle
[ hill|| adapter
~<<ihe [ l' separation
o = S LOX tank plane
adapter
23.7m
(812.11t)
18.4 ft
Kerosene ( )
tank | Middle
adapter
11D58M (interstage)
engine Stage Il
tion
_l—separa
Attitude = 0 plane
control .1[_'-; Lower
engines - 53 { WAL adapter
Block DM-SL (without interstage) (two :‘—‘v—_‘__‘.‘f' -T' W, | *

places)
}4—13 3.9m (2128 ft)4>‘

Figure 2-6. Block DM-SL
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Attitude Control Three-axis stabilization of the Block DM-SL during coast periods is
provided by two attitude control/ullage engines. Each engine has four
nozzles that are grouped in clusters on either side of the main engine
nozzle. The attitude control system uses the hypergolic propellant
nitrogen tetroxide (N,O,4) and unsymmetrical dimethylhydrazine
(UDMH).

Overall specifications for the Block DM-SL are shown in Table 2-2.
Table 2-2. Block DM-SL Specifications

Length® 5.6 m (18.4 ft)

Diameter (primary) 3.7m (12.1 ft)

Weight (fueled)? 19,711 kg (43,455 Ib)

Thrust (vacuum) 8103 kg (17,864 Ib)

Fuel (kerosene) 4560 kg (10,053 Ib)

Oxidizer (LOX) 11,290 kg (24,890 Ib)

Note 1. The bottom of the payload unit interface skirt overlays the top
of the Block DM-SL by 1.1 m (3.6 ft).

Note 2: Includes the Block DM-SL lower and middle adapters.

2.4 Payload Unit

Components and The payload unit consists of the spacecraft integrated with the payload
Construction accommodations.

The payload accommodations consist of the spacecraft adapter, payload
structure, interface skirt, payload fairing, and flight avionics and
instrumentation. Figure 2-7 shows the arrangement of the major payload
accommodations components. The construction is aluminum honeycomb
and graphite/epoxy for the fairing, nosecap and payload support
structure. The payload fairing is 11.39 m (37.4 ft) long and 4.15 m (13.6
ft) in diameter. These elements are integrated in a class 100,000 clean
facility during ground processing in the PPF at Home Port.

The standard spacecraft adapters are procured from the industry standard
supplier, Saab Space AB.
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Figure 2-7. Sea Launch Payload Unit

Payload Fairing The payload fairing (Figure 2-8) provides environmental protection for
spacecraft from encapsulation through launch and ascent. It can
accommodate a wide range of payload designs.
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Figure 2-8. Payload Fairing

Access Access to the spacecraft before rollout to the launch pad can be gained

Characteristics through doors in the payload fairing. The standard offering includes two
payload fairing access doors approximately 610 mm (2 ft) in diameter.
These doors are located on opposite sides of the payload fairing
longitudinal separation plane and at least 17 deg from the separation
plane.

Within certain payload fairing structural constraints, variations in the
number, location, and size of the doors can be accommodated (Figure 7-
5).

Cooling Air From encapsulation to launch, conditioned air is provided to the payload
fairing volume. The cooling air flows from an entry on the side of the
payload fairing to the aft end, where it exits through one-way valves on
the payload structure. Conditioned air capabilities are described in detail
in Section 5.
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Thermal
Insulation

Interface Skirt

External thermal insulation protects the payload fairing structure and
limits the interior payload fairing surface temperatures. Payload fairing
jettison is constrained to a time sufficient to ensure that the maximum
dispersed free molecular heating never exceeds spacecraft requirements.
The customer can tailor the time of payload fairing jettison (and
associated maximum free molecular heating). The thermal environments
are described in Section 5.

The interface skirt joins the payload fairing to the Block DM-SL and also
supports the spacecraft loads through the spacecraft adapter and payload
structure.

The interface skirt is constructed of aluminum with integral stiffeners
(Figure 2-9). The interface skirt is 0.81 m (2.6 ft) long and
accommodates the transition from a 3.7 m (12.1 ft) diameter on the
Block DM-SL to a 4.15 m (13.6 ft) diameter on the payload fairing.

265807J6-262

Figure 2-9. Payload Unit Interface Skirt

Spacecraft The spacecraft adapter mechanical interface with the spacecraft can be

Adapters either a bolted or a typical clampband (Marmon-type) interface. The
specific spacecraft interface information for the bolted and clampband
based adapters is provided in Section 7. Spacecraft separation is achieved
by redundant initiation, which causes the separation of the retaining bolts
or clampbands.
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Payload Structure The payload structure acts as a physical support for the spacecraft during
horizontal and vertical operations and functions as an environmental
barrier. It is a graphite/epoxy composite structure.

One-way valves in the payload structure allow airflow out of the payload
unit and prevent backflow of air from the Block DM-SL cavity. The
closeout membrane, located at the upper diameter of the payload
structure, provides a barrier that limits thermal and contamination
exchange between the Block DM-SL and the spacecraft.

Future 5-m Sea Launch is assessing customer interest in a 5-m diameter payload

Capability unit. If sufficient interest exists, Sea Launch will consider offering this
capability to our customers. The Sea Launch 5-m design would provide a
payload static envelope 4.57 m in diameter. The design will provide
encapsulated operations similar to our baseline payload unit operations,
as well as similar avionics and structural interfaces.
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3.0 PERFORMANCE

Overview

Trajectory Design
Process

The Zenit-3SL can deliver spacecraft to a wide variety of orbits, includ-
ing geosynchronous transfer, medium Earth, highly elliptical, and Earth
escape orbits. The data presented in this section assumes a generic set of
spacecraft requirements. Please contact Sea Launch for a performance
quote for specific mission requirements.

With a standard flight performance reserve, the maximum geosynchro-
nous transfer orbit (GTO) payload capability with one or two Block DM-
SL main engine burns is 6160 kg and 6090 kg, respectively. A reduced
flight performance reserve option is also available, which provides 55 kg
of additional payload capability and increased dispersions on the orbital
parameters.

Characteristics of performance are covered in Sections 3.1 through 3.5,
including:

e Launch site

e Ascent trajectory

e Payload capability
e Coast phase attitude

= Spacecraft separation

Trajectory design is part of the overall mission analysis process de-
scribed in Section 4. Boeing Commercial Space Company (BCSC) flight
design engineers work with each spacecraft customer to optimize the
mission design and coordinate all customer requirements with the Rus-
sian and Ukrainian partners. The Sea Launch Russian and Ukrainian
partners generate the final trajectory and perform software and hardware
simulations to verify the mission design. Finally, BCSC verifies that all
customer requirements are satisfied.
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3.1 Launch Site

Site Location

Figure 3-1 shows the location of the Sea Launch launch site. Located on

the equator at 154° W in the Pacific Ocean, this site was chosen based on
a number of factors, including stage impact zones, weather, and vessel
transit times. Sea Launch may select an alternate launch site for inclined
missions considering range safety factors (e.g., a population center lo-
cated along the ascent groundtrack).

30°

20°

10°

160° W

Launch Site
0° N, 154° W

80° W
SHG0681874-021

140° W 120°W 100° W

Figure 3-1. Launch Site Location
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Performance
Benefits

The equatorial launch site enables the launch vehicle to efficiently de-
liver a geostationary spacecraft to a zero degree orbital inclination. This
saves the spacecraft from having to perform a plane change maneuver,
typically resulting in a longer on-orbit maneuvering lifetime (OML). For
a typical geostationary spacecraft, the circularized GEO spacecraft mass
is 10% higher when launched from the equator compared to a launch
originating from Cape Canaveral.

For missions requiring non-zero inclinations, a wide variety of orbital
inclinations are possible, due to the lack of population centers downrange
of the launch site.

3.2 Ascent Trajectory

Stage 1 Flight

Stage 2 Flight

Block DM-SL
Flight

The Zenit Stage 1 engine provides the thrust for the first 2.5 min of
flight. A 10-second vertical rise is followed by a roll to the appropriate
mission launch azimuth. The pitch profile is designed to minimize the
lateral loads during the periods of highest dynamic pressure. When the
axial acceleration reaches 4.0 g’s, the engine is gradually throttled to
50%, which is then maintained until Stage 1 separation.

The Zenit Stage 2 main and vernier engines provide the thrust from 2.5
to 8.5 min after liftoff. The vernier engine ignites prior to Stage 1 sepa-
ration and Stage 2 main engine ignition. The payload fairing is jetti-
soned based on a free molecular heating constraint, and typically occurs
three to four minutes after liftoff. Prior to Stage 2 main engine shut-
down, the engine is throttled to 80%. After main engine shutdown, the
vernier engine operates for another 1.3 min until Stage 2 separation.

Immediately after Stage 2 separation, the middle adapter surrounding the
Block DM-SL is jettisoned. Block DM-SL main engine ignition occurs
ten seconds later.

Depending on the mission requirements, the Block DM-SL performs one
or more main engine burns. Most missions utilize two burns of the
Block DM-SL, as this usually provides a higher perigee, and may also be
used to target additional orbital parameters (e.g, apogee longitude, argu-
ment of perigee). For missions with multiple burns, the initial burn es-
tablishes a stable parking orbit. The parking orbit coast duration is at
least thirty minutes to allow sufficient cooling prior to engine restart.
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Flight Timeline Table 3-1 lists the times when the main flight events occur for a two-
burn 6090-kg geosynchronous transfer orbit mission.

Table 3-1. Typical Flight Timeline—Two-Burn, 6090-kg Geosynchronous

Transfer Orbit Mission

Time, min:sec

Event

0:00

Stage 1 engine ignition

0:04

Liftoff

0:11

Begin pitchover

1:06

Maximum dynamic pressure

1:56

Maximum axial acceleration

2:15

Stage 1 engine throttled to 50%

2:25

Stage 2 vernier engine ignition

2:27

Stage 1 engine shutdown

2:30

Stage 1 separation

2:33

Stage 2 main engine ignition

3:51

Payload fairing jettison

7:13

Stage 2 main engine shutdown

8:31

Stage 2 vernier engine shutdown

8:31

Stage 2 separation

8:32

Block DM-SL middle adapter jettison

8:41

Block DM-SL main engine ignition 1

13:12

Block DM-SL main engine shutdown 1

43:30

Block DM-SL main engine ignition 2

50:35

Block DM-SL main engine shutdown 2

61:15

Spacecraft separation
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Flight Profile Figure 3-2 shows a flight profile with key trajectory events and
parameters labeled for a two-burn, 6090-kg geosynchronous transfer

orbit mission.
Apogee
*t=6:03:08
«h =35786 km
*h, =219 km
* h, = 35786 km
. Block DM-SL shutdown 1 2
.Sia_g ggf eparation *1=13:12 Spacecraft separation
-1 *h =181 km . t=1:01:15
%60 km o = 180 km + h = 2005 km
Fairing jettison k=183 km « h, =207 km ‘y
*t=3:51 a=
e e |
+h=118 km
« Dispersed FMH < 1,135 W/m’ ?L"f‘;gg"és'- shutdown 2
» *h=334km
. * h, =214 km
Stage 1 separation «h. = 35963 km
«t=2:30 2
«h=69 km
Max acceleration '
e t=1:56
*Accel=4.0¢g \
Stage 2 impact
Max Q * Range = 4490 km
«t=1:06 %
« Q = 5400 kgf/m? q
Fairing impact
Liftoff * Range = 1050 km
«t=0:04
*Accel=16¢g Stage 1 impact
' ¢ Range = 770 km
SHG0681874-022

Figure 3-2. Typical Flight Profile—Two-Burn, 6090-kg
Geosynchronous Transfer Orbit Mission
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Groundtrack Figure 3-3 shows the Zenit-3SL ascent groundtrack and indicates the

Latitude, deg

location of the major events for a two-burn, 6090-kg geosynchronous
transfer orbit mission.

60 N

30N

Spacecraft

Stage 1 & 2 Block DM-SL ; -SL
Ascent Burn 1 s e | ieparation

30S

60 S

150w  120W  90W 60 W 30w 0 30E 60 E 0E 120E  150E

Longitude, deg SHG0681874-023

Figure 3-3. Typical Groundtrack—Two-Burn, 6090-kg
Geosynchronous Transfer Orbit Mission
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3.3 Payload Capability

Ground Rules

Reduced Flight
Performance
Reserve Option

This section presents the payload capability for a wide variety of mis-
sions, based on the following set of generic ground rules:

Payload capability is defined as the separated spacecraft mass, and
assumes an 1194, 1666, or 937 spacecraft adapter. For a 702 adapter,
subtract 15 kg from the payload capability values in this section.

Sufficient flight performance reserves are maintained to reach the
specified orbit with a confidence level of 2.70.

At the time of fairing jettison, the free molecular heating is less than
1,135 W/m? with a confidence level of 30.

Orbital heights are specified with respect to an Earth radius of 6,378
km.

For elliptical orbits (including GTO and Molniya/Tundra transfer),
the orbital parameters correspond to the osculating orbital elements at
first apogee passage.

For circular orbits and Earth escape, the orbital parameters corre-
spond to the osculating orbital elements at Block DM-SL main en-
gine shutdown.

The maximum separated spacecraft mass is assumed to be 7300 kg
based upon the Zenit-3SL structural capability specified in Section
6.1. Refer to this section for more details on the structural capability
of the Zenit-3SL using current SC adapters and associated payload
support structure.

For missions with multiple Block DM-SL engine burns, the mini-
mum parking orbit perigee height is 180 km. For missions with a sin-
gle Block DM-SL burn, the minimum final orbit perigee height is
200 km.

Missions requiring longer durations (over 2 hr at spacecraft separa-
tion) or higher altitudes (over 15,000 km at spacecraft separation)
may require additional analyses due to battery life and radiation con-
siderations.

All of the data in this section corresponds to a standard flight perform-
ance reserve on the Block DM-SL. A reduced flight performance reserve
option is also available, which provides 55 kg of additional payload ca-
pability and increased dispersions on the orbital parameters. Please con-
tact Sea Launch for more detailed information.
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Geosynchronous
Transfer Orbit

The Zenit-3SL can deliver large satellites to a variety of geosynchronous
transfer orbits. For a mission with one Block DM-SL burn, the maxi-
mum payload capability is 6160 kg. For a mission with two Block DM-
SL burns, the maximum payload capability is 6090 kg. The orbital pa-
rameters for these cases are shown in Table 3-2.

Table 3-2. Maximum Geosynchronous
Transfer Orbit Payload Capability

One Block Two Block
Orbital parameter DM-SL burn DM-SL burns
Perigee height 200 km 220 km
Apogee height 35786 km 35786 km
Inclination 0 deg 0 deg
Maximum 6160 kg 6090 kg
spacecraft mass

For lighter spacecraft, the excess Zenit-3SL performance may be used to
raise the perigee height. Either one or two Block DM-SL burns may be used
but, for most cases, two burns provide the maximum perigee. A one-burn
mission is optimal only for the heaviest spacecraft, and may be selected if
other spacecraft requirements do not necessitate the use of two burns.

For two-burn missions, there are two types of GTO injection schemes:
“perigee inject” and “post-perigee inject.” These have different intermedi-
ate parking orbits and placement of the second burn, which are illustrated
in Figure 3-4. Perigee inject is optimal for the lower perigees and post-
perigee inject is optimal for the higher perigees, with the crossover occur-
ring near a perigee height of 2000 km. Injection at apogee is generally not
desirable due to a minimum propellant constraint at the start of a Block
DM-SL main engine burn, plus it greatly extends the mission duration.

Figure 3-5 and Table 3-3 show the geosynchronous transfer orbit payload
capability for a synchronous apogee. Figure 3-6 and Table 3-4 show the
geosynchronous transfer orbit payload capability for subsynchronous and
supersynchronous apogees.

All of the geosynchronous transfer orbit data in this section assumes an
orbital inclination of 0 deg. A small non-zero inclination can be accom-
modated with minimal performance loss. Additional constraints (e.g.,
apogee longitude, argument of perigee, right ascension of the ascending
node) can also be accommodated, but the performance loss depends on
the specifics of the mission.

3-8
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One Block DM-SL Burn Ascent +
H, >200 km  DMbum

Two Burn Perigee Inject  pwm

Hp =220 - 2000 km  bum2 % Ascent +
DM burn 1

Ascent +
DM burn 1

Two Burn Post-Perigee Inject
Hp > 2000 km

DM burn 2

SHG0681874-024

Figure 3-4. Geosynchronous Transfer Orbit Injection Schemes
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Apogee height = 35786 km
Inclination = 0 deg

6000

(=]
X
2 5000 Two Block DM-SL Burns
E
©
Q
IS
o
=}
IS
o
&
o
4000 One Block DM-SL Burn

2000 4000 6000 8000
Perigee height, km SHG0681874-025

Figure 3-5. Geosynchronous Transfer Orbit Payload Capability Synchronous Apogee
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Table 3-3. Geosynchronous Transfer Orbit Payload
Capability Synchronous Apogee

Perigee | Spacecraft Payload capability, kg
height, AV to GEO, One Block Two Block
km mps DM-SL burn DM-SL burns
200 1477 6160
220 1475 6123 6090
250 1472 6055 6072
300 1466 5940 6033
400 1456 5704 5953
500 1446 5463 5873
600 1436 5218 5795
700 1426 4970 5720
800 1416 4718 5645
900 1406 4463 5574
1000 1397 4206 5504
1250 1373 3568 5339
1500 1349 2957 5186
1750 1327 2370 5048
2000 1304 4921
2100 1296 4887
2250 1283 4869
2500 1261 — 4795
3000 1220 4614
3500 1180 4455
4000 1142 4314
4500 1106 4187
5000 1070 4072
6000 1003 3873
7000 941 3704
8000 882 3559
9000 827 3431
10000 775 3319

REV D HPD-10041 3-11



\ Inclination = 0 deg
Two Block DM-SL Burns
Perigee height, km
220
6000
500
g 5500 1000
8
3
E‘ \
5000 2000
32000 34000 36000 38000 40000
Apogee height, km SHG0681874-026
Figure 3-6. Geosynchronous Transfer Orbit Payload
Capability Sub/Supersynchronous Apogees
Table 3-4. Geosynchronous Transfer Orbit Payload
Capability  Sub/Supersynchronous Apogees*
Payload capability, kg
Apogee Perigee ht Perigee ht Perigee ht Perigee ht
height, km 220 km 500 km 1000 km 2000 km
30000 6414 6192 5818 5227
32000 6292 6071 5699 5111
34000 6182 5962 5592 5006
35786 6090 5873 5504 4921
38000 5991 5773 5406 4825
40000 5907 5690 5324 4746
42000 5831 5615 5250 4673
*Two Block DM-SL burns.
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Circular and
Elliptical Orbits

The Zenit-3SL can deliver satellites to a variety of circular and elliptical
orbits. Figure 3-7 and Table 3-5 show the payload capability for a range of
circular orbit heights and inclinations. Figure 3-8 and Table 3-6 show the
payload capability for a range of elliptical orbit apogees and inclinations.

7000 Two Block DM-SL Burns
6000
Orbital inclination, deg
2 0
z
£ 5000 45
g
8
e}
I
S 90
g 4000
o
135
3000
5000 10000 15000
Circular orbit height, km SHG0681874-027
Figure 3-7. Circular Orbit Payload Capability
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Table 3-5. Circular Orbit Payload Capability*

Payload capability, kg
Height, | Inclination, | Inclination, | Inclination, | Inclination,
km 0 deg 45 deg 90 deg 135 deg

1000 7300 7300 7300 5466
2000 7300 7300 6617 4712
3000 7300 7300 5851 4061
4000 7300 6990 5203 3510
5000 6949 6334 4656 3045
6000 6347 5776 4192 2651
7000 5829 5297 3795 2315
8000 5377 4882 3455 2027
10000 4631 4203 2903 1561
12000 4041 3675 2480 1206
14000 3565 3255 2147

16000 3173 2914 1882

18000 2846 2634 1668

20000 2568 2398 1494

22000 2329 2197 1350

24000 2123 2024 1231

26000 1942 1873 1132

28000 1782 1738 1048

30000 1641 1616

*Two Block DM-SL burns.
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Figure 3-8. Elliptical Orbit Payload Capability
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Table 3-6. Elliptical Orbit Payload Capability*

Apogee Payload capability, kg
height, Inclination, Inclination, Inclination, | Inclination
km 0 deg 45 deg 90 deg 135 deg

10000 7300 7300 6854 5552
12500 7300 7300 6341 5102
15000 7300 7300 5944 4756
17500 7300 7022 5627 4481
20000 7300 6716 5367 4258
22500 7085 6462 5152 4072
25000 6854 6248 4970 3915
27500 6657 6064 4814 3781
30000 6485 5906 4679 3665
32500 6333 5767 4562 3563
35000 6200 5646 4458 3474
37500 6080 5538 4366 3395
40000 5974 5441 4284 3324
42500 5878 5354 4211 3261
45000 5791 5275 4144 3203
47500 5712 5203 4084 3151
50000 5640 5137 4029 3104
52500 5574 5076 3978 3060
55000 5513 5021 3932 3020
57500 5457 4969 3889 2983
60000 5406 4922 3850 2949
65000 5314 4836 3779 2888
70000 5233 4762 3718 2835

*One Block DM-SL burn, perigee height 200 km.
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Molniya and Figure 3-9 and Table 3-7 show the Zenit-3SL payload capability for
Tundra Transfer  transfer to 12-hr Molniya and 24-hr Tundra orbits. All cases have an or-
Orbits bital inclination of 63.4 deg and argument of perigee of 270 deg.

Inclination = 63.4 deg
Argument of Perigee = 270 deg
5000 Apogee height, km Two Block DM-SL Burns

4500

4000

3500

Payload capability, kg

3000

2500

1000 2000 3000 4000 5000

Perigee height, Kkm SHG0681874-074

Figure 3-9. Molniya and Tundra Transfer Orbit Payload Capability
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Table 3-7. Molniya and Tundra Transfer Orbit Payload Capability*

Perigee Payload capability, kg
height, Apogee ht, Apogee ht, Apogee ht, | Apogee ht,
km 35000 km 40000 km 45000 km 50000 km
213 5135 4940 4782 4652
300 5089 4894 4737 4608
400 5020 4825 4668 4539
500 4950 4756 4600 4471
600 4882 4689 4533 4405
700 4817 4624 4469 4341
800 4755 4563 4407 4280
900 4695 4504 4349 4222
1000 4639 4448 4293 4166
1250 4509 4319 4165 4039
1500 4381 4203 4053 3927
1750 4229 4068 3932 3816
2000 4102 3918 3795 3689
2500 3893 3711 3563 3441
3000 3711 3531 3385 3265
3500 3551 3374 3229 3110
4000 3411 3235 3092 2973
4500 3287 3113 2971 2854
5000 3177 3004 2863 2747
6000 2992 2822 2683 2568
7000 2843 2675 2538 2424
8000 2722 2556 2421 2289
9000 2623 2459 2325 2213
10000 2540 2379 2247 2136

*Two Block DM-SL burns, inclination 63.4°, argument of perigee 270°
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High-Energy Figure 3-10 and Table 3-8 show the Zenit-3SL payload capability to high
Orbits and Earth  energy orbits and Earth escape. These are presented as a function of Cs
Escape (velocity squared at infinity) and declination of the outgoing asymptote.

Perigee height = 200 km
6000 One Block DM -SL Burn

5000
Declination, deg
0

[e2]
X
2 4000 30
5
<
[=}
ISt
o
=]
S 3000
g
o

2000

-15 -10 -5 0 5 10 15 20 25

C,, km?/sec?
SHG0681874-030

Figure 3-10. High-Energy and Earth Escape Payload Capability
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Table 3-8. High-Energy and Earth Escape Payload Capability*

Payload capability, kg
Cs, km?/s® Declination =0deg | Declination = 30 deg

-18 6403 6132
-16 6114 5855
-14 5832 5585
=12 5557 5322
-10 5292 5066
-8 5035 4818
-6 4788 4579
-4 4550 4348
-2 4320 4125
0 4098 3911
2 3885 3704
4 3679 3504
6 3480 3312
8 3289 3126
10 3104 2947
12 2926 2774
14 2753 2607
16 2588 2446
18 2427 2290
20 2273 2140
22 2123 1995
24 1979 1854
26 1840 1719
28 1705 1587
30 1574 1461

*One Block DM-SL burn, perigee height 200 km
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Low Earth Orbit

In order to maximize the payload capability to low Earth orbit (LEO), a
two-stage version of the Sea Launch System could be developed. This
could deliver as much as 15,000 kg to LEO, or 12,000 kg to the Interna-
tional Space Station orbit. Higher LEO altitudes can be achieved by ex-
tending the duration of the Stage 2 vernier engine burn. Since develop-
ment work would be required for a two-stage vehicle, contract lead times
would be much longer than those set forth in this document. Please con-
tact Sea Launch to discuss this option. The maximum LEO capability of
the three-stage Zenit-3SL is 7300 kg, due to structural limitations.

3.4 Coast Phase Attitude

Three-Axis
Pointing

Roll Maneuvers

The Block DM-SL can accommodate three-axis attitude pointing (includ-
ing sun pointing) while coasting between Block DM-SL main engine
burns. Attitude accuracy depends heavily on spacecraft mass properties
but, for preliminary purposes, may be assumed to be +3 deg (2.30) in all
three axes.

For missions with lengthy coasts between Block DM-SL main engine
burns, continuous rolls for spacecraft thermal control and battery charg-
ing are supported. For a roll rate of 5 deg/s, the roll-axis pointing accu-
racy is 4 deg, and the attitude rate accuracy is 0.2 deg/s in all three
axes (2.30).

For preliminary planning purposes, it may be assumed that 40 min of
each coast phase is reserved for other Block DM-SL attitude maneuvers
(e.g., reorientation to/from the roll attitude).

3.5 Spacecraft Separation

Separation
Timeline

Spacecraft separation typically occurs 10 to 11 min after the final Block
DM-SL main engine shutdown. This allows for engine cooling and reori-
entation to the required spacecraft separation attitude.

Several hours after separation, the Block DM-SL performs a contamina-
tion and collision avoidance maneuver (CCAM), which prevents future
contact with the spacecraft. The Block DM-SL then vents all residual
propellant and gases and depletes any remaining charge in its batteries.

REV D
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Injection
Accuracy

Separation
Capabilities

The injection accuracy at spacecraft separation is a function of the injec-
tion orbit and the mission flight duration. Table 3-9 shows the injection
accuracy (2.30) for a typical geosynchronous transfer orbit mission using
both standard and reduced Block DM-SL flight performance reserves.

Table 3-9. Typical Geosynchronous Transfer
Orbit Injection Accuracy (2.30)

Injection accuracy

Orbital parameter
Standard FPR Reduced FPR

Perigee height + 10 km + 10 km

Apogee height + 80 km +80/-1000 km

Inclination 1+ 0.25deg +0.25deg

The Zenit-3SL can provide the following spacecraft separation modes:

Transverse spin—Two sets of springs with differing energies are
used to impart a relative separation velocity as well as the desired
angular velocity about a specified spacecraft axis.

e Longitudinal spin—Before the separation event, the Block
DM-SL rotates to achieve the desired angular velocity about the lon-
gitudinal axis. Uniform separation springs impart relative separation
velocity to the spacecraft.

e Three-axis stabilized—Uniform separation springs impart relative
separation velocity while the Block DM-SL minimizes pre-separation
rotational rates about each axis.

The tolerances of the separation parameters associated with each of the
different spacecraft separation events heavily depend on the spacecraft
mass properties and their associated uncertainties. Sea Launch works
closely with the spacecraft customer to understand and define separation
requirements that ensure mission success.
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4.0 MISSION INTEGRATION

Overview

This section details the mission integration process, the mission
management structure and the roles and responsibilities of mission

personnel. It also defines baseline and mission-specific documentation.

The following characteristics of mission integration are covered in
Sections 4.1 through 4.3:

Management structure

Mission analysis and operations planning

Mission documentation

4.1 Management Structure

To provide the customer with an efficient mission integration and launch
operations process, Sea Launch provides direct lines of contact between

the customer and the Sea Launch organization. Figure 4-1 illustrates this
management structure for both the planning phase and the launch
campaign.

Spacecraft
customer

interface control document

Spacecraft

 Spacecraft
information

* Mission details

» Operational
requirements

* Requirement
verification

Sea Launch/Boeing
Mission Integration Team

Sea Launch partner
mission integration
team

-

Mission manager
Mission integrator

BCSC technical
specialists
Flight design,
coupled loads,
shock, thermal,
vibration, acoustics,
contamination,
electrical interfaces

PLU
interface control document

* LV to PLU interface
« Mission design
* Flight software
development

* Requirements
verification

Sea Launch/Boeing
operations team

Spacecraft campaign document

* SC to PLU interface
» Mission-specific
operational requirements

Mission Integration

» Operational constraints

SHG0681874-011.1

Figure 4-1. Management Structure
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Mission Manager
and Team

Mission Team
Roles and
Responsibilities

For each mission, Sea Launch assigns a mission manager to be
responsible for all mission-related customer support through launch and
post-launch reporting. The mission manager leads a mission team
comprised of analysts, operations and contracts personnel.

The mission team is responsible for all mission analyses, operations
planning and integration activities.

The mission manager acts as the primary point of contact with the
customer throughout the integration and launch process. When the
spacecraft arrives at Home Port, the focus shifts from analytical
integration to the physical integration of the spacecraft to the launch
vehicle and the launch campaign, with other mission team members,
including the mission director, taking a more active role. Table 4-1
shows mission team roles and responsibilities.

Table 4-1. Mission Team Roles and Responsibilities

Title Roles and Responsibilities

Customer focal point | « Works closely with the mission manager and
the payload integration manager

e Has a direct line of contact with the mission
director during operations

e Is empowered to make relevant commitments
on behalf of the customer

Sea Launch Mission | e Primary customer interface during payload
Manager integration and mission analysis

e | eads the mission team

Sea Launch Mission | e Coordinates BCSC analytical and integration
Integrator activities

e Creates mission specific documentation

e Coordinates Yuzhnoye and Energia analytical
and integration activities

Sea Launch Mission | e Directs the operations phase and the launch
Director campaign

Sea Launch Payload | e Primary operations customer interface

Integration Manager | Responsible for planning and integrating all

spacecraft operations at Home Port, and on
board the Assembly and Command Ship and
Launch Platform

HPD-10041 REV D




4.2 Mission Analysis and Operations Planning

Mission Analysis Mission analysis begins following a contractual commitment between
Sea Launch and the customer and continues until submittal of the final
post-launch report to the customer. Mission analysis is conducted by
Boeing, Energia and Yuzhnoye specialists.

The mission analysis process assures compatibility of the spacecraft with
the launch vehicle and with the overall Sea Launch system. These tasks
encompass:

e Interface requirements development and documentation
e Requirements verification planning

* Requirements verification

e Performance, interface, and environmental analyses

» Flight trajectory design and flight software development

Mission Specialists Boeing, Energia, and Yuzhnoye mission analysis personnel include
specialists in:

e Systems engineering

e Electrical and mechanical interface design
e Structural loads and dynamics analysis

e Mass properties

e Thermal analysis

e Electromagnetic interference and compatibility
e Communications

e Venting analysis

e Trajectory and orbit design

e Spacecraft separation systems

e Contamination control

Boeing mission analysis personnel conduct the analyses required to
verify compatibility of the spacecraft with the Zenit-3SL launch
vehicle and the Sea Launch system.

Energia mission analysis personnel conduct the analyses required to
develop and implement the Block-DM flight data and integrated
vehicle flight software.

Yuzhnoye mission analysis personnel conduct the analyses required to
develop and implement the Zenit booster flight data and flight software.
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Mission Design
Reviews

Operations
Planning

The Preliminary Design Review (PDR) is an Interface Control Document
(ICD) review held early in the integration cycle (for first-of-type SC) to
provide a detailed evaluation of the mission requirements documented in
the preliminary spacecraft to Sea Launch ICD. The purpose of the
meeting is to assure that the ICD requirements are understood and that
there is a plan established for meeting those requirements. The Mission
Manager conducts this review. All requirements from the preliminary
ICD will be addressed along with the preliminary design, analyses and
planning that ensures requirements will be met.

The Critical Design Review (CDR) is an ICD review to provide a
detailed review of the mission requirements documented in the final
spacecraft to Sea Launch ICD. The purpose of the meeting is show that
the ICD requirements have either been satisfied or that that there is a
plan in place for satisfying the requirements. The Mission Manager
conducts this review.

Operations planning focuses on tailoring the baseline operations process
and products to accommodate each specific mission. The mission-
specific spacecraft campaign documentation is used to document all of
the planning and products. These operations products include:

e Operations flows

e Timelines and checklists
e Operations policies

e Detailed procedures

Operations planning also addresses mission-specific requirements for
personnel training and certification, readiness reviews and rehearsals.
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4.3 Mission Documentation

Overview Sea Launch has developed baseline documentation for a generic mission,
which is used as a template for each mission. This proven process
assures consistency and repeatability across missions. This generic
documentation includes:

« Mission analysis documentation that defines the spacecraft interfaces
and the initial mission integration process
e Operations plans and products that define and support the actual mis-
sion conduct
Mission-specific documentation is also defined in this section. Figure 4-2
illustrates the documentation set that supports each mission.
Generic Integration Analysis and Operations
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SC/SLS ICD Analysis plan Safety Plan Facilitei:s ggngook
Safety
SC ICD Contamination Regulations
— verification control plan Manual
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EMI/EMC
SL facilities control p|an
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cable diagrams ! Customer input :
Generic ! « IRD/draft ICD i
ittt ittt 7« Spacecraft schedule  1--=-==========msmsmsmsos oo
M'SS[?n . » Spacecraft operations
specific 1—: plan i

Mission integration

schedule
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Mission specific
analysis reports

» Coupled loads
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¢ Clearance

* SC separation

* PLF separation
e Thermal

*« EMI/EMC

« Contamination

Mission design
reviews packages

Postflight report

SC/SLS ICD Launch operations
schedule
I_ SCICD o Readiness
verification Review packages
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Operational
I_ Verification documentation

task sheets

« Campaign schedules

« Launch commit criteria

« Launch definition document

* SC test requirements

* SC operations

* SC campaign requirements document
« Master countdown procedure

« Training material
« Certifications
* Rehearsals

Training

SHG0681874-018.2

Figure 4-2. Mission Documentation and Related Products
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