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PREFACE

This Delta IV Payload Planners Guide (PPG) is issued to the spacecraft user community to provide

information about the Delta IV family of launch vehicles and their related systems and launch services.

This document contains current information on Boeing plans for Delta IV launch services in addition

to current projections related to the Delta launch vehicle specifications. Included are Delta IV family

vehicle descriptions, target vehicle performance figures, payload envelopes, anticipated spacecraft envi-

ronments, mechanical and electrical interfaces, payload processing, and other related information of

interest to our potential customers.

As the Delta IV development program progresses, The Boeing Company will periodically update the

information presented in the following pages. To this end, you are urged to promptly mail back the

enclosed Readers Service Card so that you will be sure to receive any updates as they become available.

Recipients are also urged to contact Boeing with comments, requests for clarification, or amplification

of any information in this document.

General inquiries regarding launch service availability and pricing should be directed to:

Delta Launch Services Inc.
Phone: (714) 896-3294
Fax: (714) 896-1186

E-mail: deltalaunchservices@boeing.com

Inquiries regarding the content of the Delta IV Payload Planners Guide should be directed to:

Mailing address:

Delta Launch Services Customer Program Development
Phone: (714) 896-5195
Fax: (714) 372-0886

E-mail: deltalaunchservices@boeing.com

Delta Launch Services

c/o The Boeing Company

5301 Bolsa Avenue

Huntington Beach, CA 92647-2099
U.S.A.

Attn: HO14-C426

Visit us at our Delta Launch Services Web site: www.boeing.com/dls

McDonnell Douglas Corporation currently operates as a wholly owned subsidiary of The Boeing Company.
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INTRODUCTION

This payload planners guide describes the Delta IV launch system including its heritage, per-
formance capabilities, and payload environments. Additionally, launch facilities and operations
are discussed, as well as documentation and procedural requirements associated with preparing
and conducting the launch.

The Delta IV configurations described herein are the latest evolution of our reliable Delta fam-
ily, developed to provide our customers low-cost access to space. In four decades of use, Delta
launch systems have succeeded through evolutionary design upgrades to meet the growing needs
of the user community while maintaining high reliability.

Delta IV launch vehicles can be launched from one of two launch sites within the continental
U.S.—Eastern Range (ER) in Florida, and Western Range (WR) in California, depending on mis-
sion requirements. Our Space Launch Complex (SLC) of the ER, designated SLC-37, is located at
Cape Canaveral Air Force Station (CCAFS) and is used for geosynchronous transfer orbit (GTO)
missions as well as missions requiring low- and medium-inclination orbits, while our SLC-6 of
the WR at Vandenberg Air Force Base (VAFB) is typically used for high-inclination orbit mis-
sions. Both launch complexes are currently under construction with SLC-37 expected to be oper-
ational in 2001 and SLC-6 in 2002.

As a commercial launch services provider, Boeing acts as the coordinating agent for the cus-
tomer in interfacing with the United States Air Force (USAF), National Aeronautics and Space
Administration (NASA), the Federal Aviation Administration (FAA), and any other relevant
agencies. Commercialization agreements with the USAF and NASA make available to Boeing the
use of launch facilities and services for Delta IV launch campaigns.

During the first quarter of 1999, the transition of McDonnell Douglas Commercial Delta, Inc.,
to Delta Launch Services, Inc., was completed. As part of this reorganization, we have designed
Delta Launch Services (DLS) to improve customer satisfaction, provide a single point of contact,
and increase responsiveness. Delta Launch Services offers full-service launch solutions using the
Delta II, Delta II1, and Delta IV family of launch vehicles. The customer is supported by an inte-
grated product team (IPT)-based organization consisting of highly knowledgeable technical and
managerial personnel who are dedicated to open communication and responsive to all customer
needs (Figure 1).

Delta Launch Services has the ultimate responsibility, authority, and accountability for all Delta
customer opportunities. This includes developing launch solutions to meet customer needs as well
as providing customers with a launch service agreement for the selected launch services. It is

through the DLS organization that dedicated focal points of contact are assigned to customers to
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Customer

e 2

Delta
Launch Services

* Marketing and Sales

 Contracts and Finance
Delta II/llI/IV Programs

» Mission Services Support

* Launch Vehicle Production
e Launch Operations

Figure 1. Delta Launch Services Organization

ensure that all the launch service needs are coordinated with the appropriate sales, marketing,
contracts, and technical personnel.

Delta Launch Services and the Delta IV program office work together to ensure that customer
requirements are met. The Delta IV program is responsible for the development, production, inte-
gration, test, mission integration, and launch of the Delta IV system.

For contracted launch services, a dedicated mission integration manager is appointed from
within the Delta IV program to support each customer. The mission integration manager also
works with DLS early in the process to ensure understanding of customer mission requirements
and the proposed launch solution. From contract award through launch and postflight analysis, the
mission integration manager provides the day-to-day mission integration support necessary to
successfully satisfy the customer’s launch requirements.

The Delta team addresses each customer’s specific concerns and requirements, employing a
meticulous, systematic, user-specific process that addresses advance mission planning and analy-
sis of payload design; coordination of systems interface between payloads and Delta IV; process-
ing of all necessary documentation, including government requirements; prelaunch systems
integration and checkout; launch-site operations dedicated exclusively to the user’s schedule and
needs; and comprehensive postflight analysis.

The Delta team works closely with its customers to optimize the payload’s operational life. In
many cases, we can provide innovative trades to augment the performance values shown in
Section 2. Our demonstrated capability to use the flexibility of the Delta launch vehicle and
design team, together with our experience in supporting customers worldwide, makes Delta

the ideal choice as a launch services provider.
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The Delta IV launch system offers single- as well as dual-manifest launch services and the ben-
efits of a launch team committed to each user’s payload with a mission profile and launch window
designed for specific mission orbits. Delta’s manifesting provides exceptional cost control and
overall efficiency, simplified integration processes, on-time launch assurance, and efficient flight
operations. Furthermore, our dual- and multiple-manifest systems provide customers the auton-
omy similar to a dedicated launch with price economies of a shared launch. Coupled with these
launch service attributes is the Boeing commitment to excellence and proven dependability
which, for more than four decades, has given our customers the highest assurance of a successful

launch campaign.
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Section 1
LAUNCH VEHICLE DESCRIPTION

This section provides an overall description of the Delta IV launch system and its major

components. In addition, Delta IV vehicle designations are explained.

1.1 DELTA LAUNCH VEHICLES

The Delta launch vehicle program was initiated in the late 1950s by the National Aeronautics and
Space Administration (NASA). The Boeing Company, then McDonnell Douglas (previously Dou-
glas Aircraft Missiles and Space Systems), was the prime contractor. Boeing developed an interim
space launch vehicle using a modified Thor missile as the first stage and Vanguard components as
the second and third stages. The vehicle was capable of delivering a payload of 54 kg (120 1b) to
geosynchronous transfer orbit (GTO) and 181 kg (400 1b) to low-Earth orbit (LEO). For over four

decades, Boeing has continuously improved its launch vehicles to meet customers’ growing needs.

Boeing’s dedication to delivering superior launch service to its customers is evidenced by the
many configurations available (Figure 1-1). The Delta family of launch vehicles has the capability
of delivering a wide range of payload classes to orbits. Delta I has provided customers with a dem-
onstrated world-class success rate of 97.8%, and processing times on the launch pad have been
reduced from 40 to 24 days. The Delta III launch vehicle continued the improvement tradition by
providing a GTO capability of 3810 kg (8400 Ib) and a LEO capability of 8292 kg (18,280 Ib). The
Delta IV launch system is the latest example of this 40-year evolution, providing even more capa-
bility at a lower cost by incorporating heritage hardware and processes with a new robust propul-
sion system. Boeing is committed to working with our customers to satisfy payload requirements

while providing the best value for launch services across the entire Delta fleet.

1.2 DELTA IV LAUNCH SYSTEM DESCRIPTION

The newest member of the Delta family is the Delta IV launch system, which comes in five vehi-
cle configurations: the Delta IV Medium (Delta [V-M), three variants of the Delta IV Medium-Plus
(Delta IV-M+), and the Delta IV Heavy (Delta IV-H), as shown in Figures 1-2 and 1-3. Each has a
newly developed first-stage, called the common booster core (CBC) using cryogenic propellants
(liquid oxygen, LO,/liquid hydrogen, LH,). Figure 1-2 shows the evolution of the Delta IV launch
vehicle system from our heritage Delta II and Delta III programs.

m The Delta IV-M employs a first-stage CBC, a 4-m (157.5-in.)-dia cryogenic second stage, and
a 4-m (157.5-in.)-dia composite payload fairing (PLF).

m The Delta [IV-M+ comes in three different configurations. One configuration uses two strap-on
solid rocket motors (SRMs) to augment the first-stage CBC, a4-m (157.5-in.)-dia cryogenic second
stage, and a 4-m (157.5-in.)-dia composite payload fairing (PLF). This configuration is designated
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Figure 1-1. Heritage of the Delta Family

as Delta IV-M+ (4,2); the first digit in parentheses refers to the diameter of the second stage in
meters, and the second digit refers to the number of strap-on SRMs. The other two configurations
are the Delta IV-M+ (5,2) and M+ (5,4) that have two and four SRMs, respectively, to augment the
first-stage CBC. Both of these configurations employ a 5-m (200-in.)-dia cryogenic second stage,
and a 5-m (200-in.)-dia composite payload fairing.

m The Delta IV-H employs two additional CBCs as strap-on liquid rocket boosters (LRBs) to
augment the first-stage CBC, a cryogenic 5-m second stage, and either a 5-m composite fairing or
a 5-m metallic fairing.

The Delta IV launch system is designed to place payloads into various orbits by launching
from either the Eastern Range (ER) at Cape Canaveral Air Force Station (CCAFS), Florida, or
the Western Range (WR) at Vandenberg Air Force Base (VAFB), California, whichever is
appropriate for mission requirements. Each mission will be allocated to a specific Delta IV
launch vehicle to support the required launch date, performance, delivery-to-orbit, and overall

mission requirements.
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Figure 1-2. Delta Launch Vehicle Family

1.2.1 First Stage

The first-stage CBC (Figure 1-3) consists of the RS-68 engine, liquid hydrogen (LH,) tank, center-
body, liquid oxygen (LO,) tank, and interstage.

The first stage CBC is powered by the new Rocketdyne RS-68 engine (Figure 1-4), a state-of-the-art,
low-cost engine burning LO, and LH, cryogens, that is capable of delivering 2891 kN (650,000 1b) of
thrust and having a specific impluse of 410 sec. The RS-68 can throttle down to 60% of full thrust level
in a simple, single-step throttle profile designed to enhance reliability. It features proven technologies

13 (\ BoEING



Delta IV Payload Planners Guide
MDC 00H0043

HB0O1689REUO

4-m Second Stage 5-m Second Stage

5 -m Composite
Fairing
/ Fairing / \

PAF \4.\ LH2 Tank
LH5 Tank

g\

\

m/ \E1 b L02 Tank
® LO, Tank i & Equipment Shelf
@ Equipment Shelf ——g= n” RL1OB-2\_n

RL10B-2 —/n
Interstage
Interstage

it

LO, Tank

Centerbody

Common
Booster <
Core

LH, Tank

T
.LLé

Engine Section \

Two or Four (5-m-dia only)
X

Common ' i
Booster
Core
1.55-m (60-in.)-dia GEM-60 H @

RS-68 Solid Rocket Motors K

Delta IV-M Delta IV-M+ Delta IV-H

:uﬂ:T

Figure 1-3. Delta IV Launch Vehicle Description

with the use of standard materials and minimum part count. The coaxial injector is derived from the
Space Shuttle main engine (SSME) and uses low-cost materials and advanced fabrication techniques.
The thrust chamber is an innovative hot isostatic press (HIP)-bonded evolution of the SSME design. The
engine has a 21.5 to 1 expansion ratio and employs a gas generator, two turbopumps, and a regenera-
tively cooled thrust chamber. The thrust chamber and nozzle are hydraulically gimbaled to provide pitch
and yaw control. Roll control for single-CBC vehicles is provided during main engine burn by vectoring
the RS-68 turbine exhaust gases. Roll control for the Heavy vehicle is provided by gimbaling the RS-68
engines of the two strap-on LRBs.

The Delta IV-M+ configurations use either two or four 1.55-m (60-in.)-dia SRMs man-
ufactured by Alliant Techsystems and designated as graphite-epoxy motors (GEM-60).

These motors are derived from the smaller GEM-46 used on Delta III. Ordnance for
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Figure 1-4. RS-68 Engine the Delta IV-M+ (5,2), M+ (54), and

Heavy configurations have a 5-m-dia cylinder. For aerodynamic purposes, the liquid strap-on

CBCs for the Delta IV-H employ nose cones in place of the interstage.
1.2.2 Second Stage

Two second-stage configurations (Figure 1-5) are offered on Delta IV: a 4-m version used on the
Delta IV-M and Delta I[IV-M+ (4,2) and a 5-m version used on the Delta [V-M+ (5,2), Delta [V-M+
(5,4), and Delta IV-H.

Both second stages use the Delta III cryogenic Pratt & Whitney RL10B-2 engine, derived from
the 36-year heritage of the flight-proven RL10 family. With an extendible nozzle, this engine pro-
duces a thrust of 110 kN (24,750 1b) and has a specific impluse of 462 sec. The engine gimbal system
uses electromechanical actuators that provide high reliability while reducing both cost and weight.
The RL10B-2 propulsion system and attitude control system (ACS) use flight-proven off-the-shelf
components. The 4-m second stage is modified from that of Delta III with the total propellant load
increased to 20 410 kg (45,000 1Ib), providing a total burn time of approximately 850 sec.

The 5-m second stage is based on the 4-m version. The LO, tank is lengthened by approxi-
mately 0.5 m, while the LH, tank’s diameter is enlarged to 5 m. The total propellant load
increases to 27 200 kg (60,000 1b), allowing a burn time of over 1125 sec.

Propellants are managed during coast by directing hydrogen boil-off through aft-facing thrust-
ers to provide settling thrust, and by the use of the attitude control system (ACS), as required.
Propellant tank pressurization during burn is accomplished using hydrogen bleed from the
engine for the LH, tank and helium for the LO, tank. Missions with more than one restart (up to
two) are accommodated by adding an extra helium bottle to the second stage for additional tank
repressurization. The mission duration is 2.3 hr nominally, but may be increased to over 7 hr by
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gl AN

Second Stage

Figure 1-5. Delta IV Second-Stage Configurations

adding hydrazine bottles and batteries on the second stage. After payload separation, a
contamination and collision avoidance maneuver (CCAM) is conducted to ensure adequate dis-

tance from the payload orbit prior to safing the stage.

1.2.3 Third Stage
Boeing is evaluating the use of a third stage for the Delta [V M+ and Delta IV-H launch vehicles

for interplanetary missions. The third-stage design would be based on the proven Delta II design.

The heritage Delta II third stage consists of a Star 48B solid rocket motor, a payload attach fit-
ting (PAF) with nutation control system (NCS), and a spin table containing small rockets for spin-
up of the third stage/spacecraft. The Star 48B SRM has been flown on numerous missions and
was developed from a family of high-performance apogee and perigee kick motors made by
Thiokol Corporation. The flight-proven NCS, using monopropellant hydrazine prepressurized
with helium, maintains orientation of the spin-axis of the third-stage/spacecraft stack during flight
until spacecraft separation. This simple system has inherent reliability, with only one moving
component and a leak-free design. Additional information about the heritage third-stage design is
available in the Delta II Payload Planners Guide. Because the third-stage configuration is not cur-
rently baselined in the Delta IV program, no other reference to the third stage is made in this Pay-
load Planners Guide at this time. For more information regarding use of a third stage, please

contact Delta Launch Services.

1.2.4 Payload Attach Fittings (PAF)
The PAF provides the mechanical interface between the payload and the launch vehicle. The

Delta IV launch system offers a selection of standard and modifiable PAFs to accommodate a
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variety of payload requirements. The customer has the option to provide the payload separation
system and mate directly to a PAF provided by Boeing; or Boeing can supply the entire separa-
tion system. Payload separation systems typically incorporated on the PAF include clampband
systems or explosive attach-bolt systems. The PAFs, with associated separation systems, are dis-
cussed in greater detail in Section 5.

Boeing has extensive experience designing and building satellite dispensing systems for multi-
ple satellite launches. Our dispensers have a 100% success rate. For more information regarding

satellite dispensing systems, please contact Delta Launch Services.

1.2.5 Payload Fairings (PLF)
The fairings protect the payload once the payload is encapsulated through boost flight. The

Delta I'V launch system offers PLFs (Figure 1-6) for different launch vehicle configurations.

The 4-m fairing is a stretched Delta III 4-m composite bisector design. The 5-m composite fair-
ing for single-manifest missions is also based on that of Delta III and comes in two standard
lengths: 14.3 m (47 ft) and 19.1 m (62.7 ft). The dual-manifest fairing consists of two sections—a
5-m composite bisector fairing and a lower 5-m composite dual-payload canister (DPC), and is
available in two lengths: 19.1 m (62.7 ft) and 22.4 m (73.5 ft).

The 5-m metallic trisector fairing (the baseline for government programs) is a modified version
of the flight-proven Titan IV aluminum isogrid fairing designed and manufactured by Boeing.

All PLFs are configured for off-pad payload encapsulation (Sections 6.3 and 7.3) to enhance
payload safety and security, and to minimize on-pad time. Interior acoustic blankets as well as
flight-proven contamination-free separation joints are incorporated into the fairing design for pay-
load protection. Mission-specific fairing modifications can be made as required by the customer.
These include access doors, additional acoustic blankets, and radio frequency (RF) windows. Pay-

load fairings are discussed in more detail in Section 3.

1.2.6 Dual-Manifest Capability

The Delta IV launch system offers dual-manifest capability utilizing the Heavy configura-
tion. This dual-manifest system provides payload autonomy similar to a dedicated launch, but
at a significant cost reduction compared to a dedicated launch. The dual-manifest approach has
the capability of launching two spacecraft totaling up to 10 700 kg (23 700 1b) to a standard
27-deg GTO orbit using a 5-m composite fairing that is 22.4 m (73.5 ft) long.

The 5-m-dia by 19.1-m (62.7-ft)-long dual-manifest system consists of a 12.3-m (40.3-ft)-
long composite fairing and a 6.8-m (22.4-ft)-long DPC. The 5-m-dia by 22.4-m (73.5-ft)-
long dual-manifest system consists of a 14.3-m (47-ft)-long composite bisector fairing and an
8.1-m (26.5-ft)-long DPC. Using standard PAFs, both payloads are mounted within two inde-
pendent payload bays that are similar in volume and vented separately. Separate fairing
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Figure 1-6. Delta IV Fairing Configurations
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access doors of standard size are provided in the cylindrical section of each payload bay. As
with the single-manifest mission, existing acoustic blankets are provided from the aft end of
the fairing to the nose cone.

A contamination-free separation system that runs along the full length of the fairing is detonated to
separate the fairing into halves, exposing the upper payload. For the lower bay, a circumferential Sure-
Sep system (patented by Boeing) with spring actuators is used to deploy the DPC over the payload.

For dual-manifest capability on other Delta IV vehicle configurations, please contact Delta
Launch Services.

1.2.7 Avionics and Flight Software

The Delta IV launch system uses a modified Delta III avionics system with a fully fault-tolerant
avionics suite, including a redundant inertial flight control assembly (RIFCA) and automated
launch operations processing using an advanced launch control system.

The RIFCA, supplied by AlliedSignal, uses six RL20 ring laser gyros and six QA3000 acceler-
ometers to provide redundant three-axis attitude and velocity data. In addition to RIFCA, both the
first- and second-stage avionics include interface and control electronics to support vehicle control
and sequencing, a power and control box to support power distribution, and an ordnance box to
issue ordnance commands. A pulse code modulation (PCM) telemetry (T/M) system delivers real-
time launch vehicle data directly to ground stations or relays through the tracking and data relay
satellite system (TDRSS). If ground coverage is not available, instrumented aircraft or TDRSS
may be available, in coordination with NASA, to provide flexibility with telemetry coverage.

The flight software comprises a standard flight program and a mission-constants database specifi-
cally designed to meet each customer’s mission sequence requirements. Mission requirements are
implemented by configuring the mission-constants database, which is designed to fly the mission tra-
jectory and to separate the satellite at the proper attitude and time. The mission-constants database is
validated during the hardware/software functional validation tests and the systems integration tests. The
final software validation test is accomplished during a full-length simulated flight test at the launch site.

The RIFCA contains the control logic that processes rate and accelerometer data to form the pro-
portional and discrete control output commands needed to drive the control actuators and hydrazine
control thrusters.

Position and velocity data are explicitly computed to derive guidance steering commands.
Early in flight, a load-relief mode turns the vehicle into the wind to reduce angle of attack, struc-
tural loads, and control effort. After dynamic pressure decay, the guidance system corrects trajec-
tory dispersions caused by winds and vehicle performance variations, and directs the vehicle to
the nominal end-of-stage orbit. Payload separation in the desired transfer orbit is accomplished by
applying time adjustments to the nominal engine start/stop sequence, in addition to the required
guidance steering commands.
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1.3 DELTA IV VEHICLE COORDINATE SYSTEM

The vehicle axes are defined in Figure 1-7. An overhead view shows the vehicle orientation to
the launch pad. The launch vehicle coordinate system is shown with the vehicle pitch, roll and yaw.
The vehicle centerline is the longitudinal axis of the vehicle. Axis II (+Z) is on the downrange side
of the vehicle, and axis IV (-Z) is on the up-range side. The vehicle pitches about axes I (+Y) and
III (-Y). Positive pitch rotates the nose of the vehicle up, toward axis IV. The vehicle yaws about

axes Il and I'V. Positive yaw rotates the nose to the right, toward axis 1. The vehicle rolls about the

HB01694REUO0.1

Note: Arrow shows direction
of positive vehicle rotation

(E +XLV

ROII

N

+YLV

Pltch

Quadrant IV
o
+Y
Quadrant | /\mm Quadrant Il |-+=— Mobile
90° v v 270° Service
VAFB FUT Footprint L Tower
(General Proximity to
Launch Vehicle Shown)
+Z
Quadrant Il
wrth at CCAFS
ettt
CCAFS FUT Footprint ——e North at VAFB

(General Proximity to
Launch Vehicle Shown)

Figure 1-7. Launch Vehicle Axes
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centerline. Positive roll is clockwise rotation, looking forward from the aft end of the vehicle (i.e.,
from axis I toward axis II).

1.3.1 Orientation
Two distinct coordinate systems are of interest to the spacecraft customer. The first is the launch

vehicle coordinate system that has already been discussed. The second is the payload accommoda-
tions (PLA) coordinate system. Figure 1-8 shows the orientation of the payload accommodations
coordinate system relative to the launch vehicle coordinate system. The PLA coordinate system is
similar to the launch vehicle coordinate system but is clocked positive 33 deg from the launch vehi-
cle coordinate system. In this Payload Planners Guide, all coordinates are in the launch vehicle
coordinate system unless otherwise stated.

1.3.2 Station Number
Station number units are in inches and measured along the X-axis of the launch vehicle coordi-

nate system. The origin of the launch vehicle coordinate system is near the top of the mobile service
tower. Refer to Section 3 for launch vehicle station locations at the payload encapsulation plane.

1.4 LAUNCH VEHICLE INSIGNIA
Delta IV customers are invited to create a mission-specific insignia to be placed on their launch

vehicles. The customer is invited to submit the proposed design no later than nine months prior to
launch for review and approval. The maximum size of the insignia is 4.7 m by 4.7 m (15 ft by 15 ft).
Following approval, the flight insignia will be prepared and placed on the up-range side of the

launch vehicle.

HB01693REUO0.1
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Section 2
GENERAL PERFORMANCE CAPABILITY

The Delta IV launch system can accommodate a wide variety of mission requirements from
both the Eastern and Western launch ranges. The following sections are presented to describe
the Delta IV launch vehicle performance for planning purposes. Individual mission require-
ments and specifications will be used to perform detailed performance analyses for specific cus-
tomer missions. Boeing mission designers can provide innovative performance trades to meet
specific requirements. Our customers are encouraged to contact Delta Launch Services for fur-

ther information.

2.1 LAUNCH SITES

Depending on the specific mission requirement and range safety restrictions, the Delta IV can

be launched from either an East Coast or West Coast launch site.

2.1.1 East Coast Launch Site

The Delta IV eastern launch site is Space Launch Complex 37 (SLC-37) at Cape Canaveral
Air Force Station (CCAFS), Florida. This site can accommodate flight azimuths in the range of
42 deg to 110 deg, with 95 deg being the most commonly flown.

2.1.2 West Coast Launch Site
The western launch site for Delta IV is Space Launch Complex 6 (SLC-6) at Vandenberg Air

Force Base (VAFB), California. This site can accommodate flight azimuths in the range of 151 deg
to 210 deg.

2.2 MISSION PROFILES

Delta IV mission profiles are derived from our long history of reliable Delta II trajectories
and sequences of events. Our highly accurate redundant inertial flight control assembly
(RIFCA) inserts payloads into orbits with significantly better-than-specified accuracy (Section
2.4), increasing spacecraft lifetimes. C-band coverage for range safety is provided by ground
stations until safe orbit is achieved and the command-destruct receivers are turned off. After
first/second-stage separation, the telemetry is switched to the NASA tracking and data relay sat-
ellite system (TDRSS). Payload fairing jettison and payload separation events will be tailored
during the mission integration process to satisfy mission requirements. A typical two-stage mis-
sion profile is shown in Figure 2-1.

After separation of the spacecraft, with launch vehicle attitude control thrusters deactivated, a
coast period is allowed to provide the required launch-vehicle-to-spacecraft separation distance prior
to reactivating the control thrusters. Following the coast period, a contamination and collision
avoidance maneuver (CCAM) is performed to remove the second stage from the spacecraft’s orbit,
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Figure 2-1. Typical Two-Stage Mission Profile simulations will be used to verify that the

control system can adequately perform the required attitude maneuvers and to determine the duty
cycle of the control thrusters, which will be input to the contamination analysis. Closed-loop guided
3-DOF simulations will verify that the guidance can steer the launch vehicle and perform Delta IV
maneuvers properly. For payloads requiring spin up prior to separation (Delta IV can achieve spin
rates up to 5 rpm), 6-DOF simulations will be used to verify control system adequacy and spacecraft
clearance during spinup, separation, launch vehicle coast, and despin. Our experience, capability, and

accuracy assure that all customer requirements are met to ensure mission success.

2.2.1 GTO Mission Profile
The typical sequence of events for the Delta IV family of launch vehicles to a geosynchronous

transfer orbit (GTO) of 185 km by 35 786 km (100 nmi by 19,323 nmi) at 27.0 deg inclination is
shown in Figures 2-2, 2-3, and 2-4. The profile follows a sequence similar to the Delta II and
Delta III trajectories to maximize payload lift capability. Injection into GTO may occur on either
the descending or ascending node to accommodate spacecraft needs.

Following insertion into GTO, the second stage reorients to the correct three-axis attitude for
spacecraft deployment, using the attitude control system’s hydrazine thrusters. Our second stage
is capable of any desired orientation required for spacecraft deployment. Spacecraft may also be
spun up prior to separation for spin stabilization or thermal management. Separation immediately
follows the required maneuvering. The mission operation time is less than 2.3 hr nominally, but

may be increased to over 7 hr with added hydrazine bottles and batteries on the second stage.

2.2.2 LEO Mission Profile

The typical sequence of events for the Delta IV to low-Earth orbit (LEO) is summarized in
Figures 2-5 and 2-6. The profile follows a sequence similar to the GTO trajectories, using a
gravity turn followed by several pitch rates to arrive at the target orbits while maximizing pay-
load lift capability. The second stage is capable of deploying multiple spacecraft simulta-

neously or singly, with reorientation and hold periods between each separation event (see
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Figure 2-2. Delta IV Medium Sequence of Events for a GTO Mission (Eastern Range)

Section 2.2.5). The mission operation time is less than 2.3 hr nominally, but may be increased to

over 7 hr with added hydrazine bottles and batteries on the second stage.

2.2.3 GEO Mission Profile

The Delta IV family is also capable of directly injecting the spacecraft into a geosynchronous Earth
orbit (GEO) (Figure 2-7). Through the addition of a GEO-unique kit, the Delta IV-M+ (5,4), and
Delta IV-H can carry the spacecraft directly to its desired GEO orbit or anywhere in between. Maxi-

mum mission operation time is 7.2 hr.

2.2.4 Delta IV Heavy Dual-Manifest GTO Mission Profile

The baseline dual-manifesting approach allows the customers to launch two payloads into GTO
on a single Delta IV-H vehicle, at significant cost savings over two separate launches. The
sequence of events through second stage engine cutoff 2 (SECO-2) for the dual-manifest
Delta IV-H is shown in Figure 2-4. This places the second stage and payloads into the desired
orbit. Figure 2-8 shows the dual-manifest deployment sequence. During the second stage burn,

fairing jettison occurs and reveals the upper spacecraft. Upon reaching the target orbit, upper
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Figure 2-3. Delta IV Medium-Plus (5,2) Sequence of Events for a GTO Mission (Eastern Range)

spacecratt deployment occurs. Atter the first payload reaches an acceptable distance trom the
launch vehicle, the second stage reorients to a new position. The combined upper payload attach
fitting and dual-payload canister then separate from the second stage, revealing the lower space-
craft. Again, a reorientation maneuver is performed to achieve the target attitude of the lower
spacecraft, then deployment occurs. The launch vehicle, which now consists of the second stage
and lower payload attach fitting, reorients and performs the CCAM maneuver to remove itself
from the spacecraft orbit. Boeing will coordinate with the customer to ensure that adequate sepa-

ration distances are maintained through all separation events.

2.2.5 Multiple-Manifest Mission Profile

Boeing has extensive experience with multiple-manifest spacecraft and special on-orbit opera-
tions. Our experience with the deployment of multiple spacecraft has resulted in 100% success-
ful deployment of the Iridium® and Globalstar™ spacecraft. We have successfully conducted
missions involving rendezvous operations and multiple payloads flying in formation, both of
which involve very precise orbits and tolerances. Our high level of experience with multiple-

manifest missions and special on-orbit operations helps ensure complete mission success.
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Figure 2-4. Delta IV Heavy Sequence of Events for a GTO Mission (Eastern Range)

A typical sequence of events for a multiple-spacecraft mission would proceed as follows. After
second-stage engine cutoff, the launch vehicle, which now consists of the second stage, dispenser,
and spacecraft, is in the desired target orbit. The second stage reorients to the correct three-axis atti-
tude for spacecraft deployment, using the attitude control system’s hydrazine thrusters. Our second
stage is capable of any desired orientation required for spacecraft deployment.

Following each deployment sequence, the launch vehicle waits to obtain sufficient separation
distance between the launch vehicle and the spacecraft before initiating the next deployment
sequence, or until ground coverage is available, if necessary. The launch vehicle can be reoriented
to a different position, such as a relative position that follows the velocity vector, for the next
deployment.

Alternating deployment and reorient/wait periods are repeated as necessary until all spacecraft
are deployed. For simultaneous deployment of multiple spacecraft, the total time to deploy all

spacecraft is not expected to exceed 1 hr. However, if the individual spacecraft are separated one
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GEM 60s 42 8.3 1.71 Maximum dynamic pressure
«——— Separation 100 40 1.71 Jettison four GEM 60s
(100/102 sec) 201 141 3.36  Jettison fairing
245 177 5.26  Main-engine cutoff (MECO)
@ / 251 185 0.00 Stage I/Il separation
/ 268 211 0.31  Stage Il ignition

1106 271 0.75  Second-stage engine cutoff 1 (SECO-1)
2738 735 0.70  Stage Il ignition 2
2863 840 0.95 Second-stage engine cutoff 2 (SECO-2)

Liftoff, CBC Main
Engine and Four
GEM 60s Ignited
(0 sec)

Figure 2-5. Delta IV Medium-Plus (5,4) Sequence of Events for a LEO Mission (Western Range)

at a time, more on-orbit time is needed. Our launch vehicle is nominally sized for total mission

durations up to 2.3 hr, but may be increased with minor modifications.

2.3 ORBITAL ACCURACY

All Delta IV configurations employ the Delta II-proven redundant inertial flight control assembly
(RIFCA) system. This system provides precise pointing and orbit accuracy. Our heritage of inserting
payloads into orbits with significantly better-than-predicted accuracy is well demonstrated. While suc-
cessful Delta missions have inserted payloads to better than the 3-c orbit requirements, the achieved
orbits of the ten most recent two-stage Delta I missions are presented in Table 2-1 as a sampling of the
effectiveness of our highly accurate avionics system.

Table 2-2 summarizes currently predicted 3-6 orbit accuracy for the Delta IV family to typical
LEO and GTO orbits. These data are presented as general indicators only. Individual mission
requirements and specifications will be used to perform detailed analyses for specific missions.

The customer is invited to contact Delta Launch Services for further information.
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s —— = [ =(f [ DT>
T P
PLF Separation / - T
(286 Sec) — SECO-1 Restart-1 SECO-2
167 km by 780 km (4762sec) 780 km
Stage /Il Separation (1215 sec) Circular
(332 sec) at 96 deg
(4808 sec)
/ Time Altitude Acceleration
(sec) (km) (9) Event
0 0 1.20 Liftoff
50 3.6 1.47 Start core throttle-down
Brap-on 55 45 128 Core throttle at 60%
-~ Separation 84 10.8 1.43 Maximum dynamic pressure
(251 sec) 85 11.1 1.43 Mach number = 1.0
238 83 4.10 Start strap-on throttle-down
244 88 2.96 Strap-ons throttle at 60%
249 92 3.07 Two strap-ons cutoff
251 94 1.75 Jettison two strap-ons
252 95 1.76 Start core throttle-up
257 99 2.71 Core throttle at 100%
286 127 3.04 Jettison fairing
327 172 4.36 Main-engine cutoff (MECO)
332 178 0.00 Stage I/ll separation
349 199 0.23 Stage Il ignition
) ) 1215 281 0.40 Second-stage engine cutoff 1 (SECO-1)
Liftoff, CBC Main 4762 799 0.40 Stage Il ignition 2
-« Engine and Two 4808 799 0.41 Second-stage engine cutoff (SECO-2)
Booster Engines
Ignited (0 sec)

Figure 2-6. Delta IV Heavy Sequence of Events for a LEO Mission (Western Range)

Launch Vehicle Spacecraft Orbit

Disposal

Orbit N

CCAM-Begin
(6.6 hr)

CCAM—Complete

(6.4 hr) (7.2 hr)

SECO-3/
T Propellant
Dumping

(Normal to Orbit)

SV Separation
(6.5 hr)

Figure 2-7. Ascending Node GEO Mission Profile
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T
Upper Spacecraft Reorient Second Stage
Fairing Jettison During Separation After for Dual Payload Canister DPC
Second-Stage Burn Reaching Orbit (DPC) Separation Separation

Reorient Second Stage Perform CCAM
] for Contamination and to Remove
Reorient Second Stage Collision Avoidance Second Stage from
Lower Spacecraft Separation Lower Spacecraft Maneuver (CCAM) Spacecraft Orbit

Separation

Figure 2-8. Baseline Dual-Manifest Separation Sequence of Events

Table 2-1. RIFCA 3-c Orbit Accuracy—Ten Recent Two-Stage Delta Il Missions

Orbit dispersions
Perigee altitude Apogee altitude Inclination
(nmi) (nmi) (deg)

Mission Launch date Predicted 3¢ Achieved Predicted 3¢ Achieved Predicted 3¢ Achieved
MS-9 17-May-98 +0.5/-15.1 -0.8 +3.3/-0.5 +2.2 +0.03 +0.00
MS-10 8-Sep-98 +0.5/-15.1 +0.0 +3.3/-0.5 +1.0 +0.03 +0.01
P91-1 23-Feb-99 +2.0/-3.8 +1.4 +3.4/-2.0 +1.8 +0.03 +0.00
Landsat-7 15-Apr-99 +0.5/-11.8 +0.0 +3.0/-2.9 +0.6 +0.03 +0.00
Globalstar-3 10-Jun-99 +0.8/-19.6 -0.3 +4.5/-0.8 +0.2 +0.03 +0.00
FUSE 24-Jun-99 +1.8/-6.2 -0.6 +3.7/-1.6 +0.5 +0.06/-0.01 +0.00
Globalstar-4 10-Jul-99 +0.8/-19.6 +0.1 +4.5/-0.8 +0.4 +0.03 +0.00
Globalstar-5 25-Jul-99 +0.8/-19.6 +0.1 +4.5/-0.8 +0.4 +0.03 +0.00
Globalstar-6 17-Aug-99 +0.8/-19.6 -0.4 +4.5/-0.8 +0.1 +0.03 +0.01
Globalstar-7 8-Feb-00 +0.8/-19.6 -0.1 +4.5/-0.8 +0.7 +0.03 +0.00

002386
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Table 2-2. Predicted 3-c Orbit Accuracies for the Delta IV Family of Launch Vehicles

Orbit Parameter 3-0 accuracy
GTO Perigee altitude +5.6 km (3.0 nmi)
185 km by 35 786 km at 27 deg Apogee altitude 493 km (£50 nmi)
(100 nmi by 19,323 nmi at 27 deg) Inclination +0.03 deg
Ascending node injection
LEO Perigee altitude +7.4 km (4.0 nmi)
500 km circular at 90 deg Apogee altitude +7.4 km (4.0 nmi)
(270 nmi circular at 90 deg) Inclination +0.04 deg

002387.2

2.4 PERFORMANCE SUMMARIES

Performance data are presented in the following pages for the Delta IV launch vehicle family.
Descriptions and figure numbers of the performance curves for both Eastern and Western Range
launches are listed in Table 2-3. The performance estimates include the following assumptions:

m Nominal propulsion system models and weight models were used.

m Second-stage propellant reserve is sufficient to provide a 99.865% probability of command
shutdown (PCS) by the guidance system.

m Payload fairing separation occurs at a time when the free-molecular heating rate is equal to or
less than 1135 W/m? (0.1 Btu/ft2-sec).

Orbit capability is presented as “Separated Spacecraft Weight” for near-synchronous orbits and
as “Useful Load Weight” for LEO orbits. The “Separated Spacecraft Weight” is defined as the
spacecraft weight above the standard Delta IV payload attach fitting (PAF) (PAF-1194-4 for 4-m
second stages and PAF-1194-5 for 5-m second stages, which are close approximations for all PAF
configurations). The “Useful Load Weight” is the total payload weight available to be distributed
between the spacecraft and the PAF/dispenser (i.e., the PAF/dispenser weight is included as part of
the payload weight, not as part of the Delta IV second-stage weight). Note that in Figures 2-33a, b,
and 2-34, which present the Delta IV Heavy dual-manifest capability, the “Separated Spacecraft
Weight” illustrated in the orbit capability curves represents the combined weight of both separated
spacecraft.

For the “excess AV” figures, the “excess AV” is defined as the second-stage impulsive velocity
(AV) capability remaining (excess) after achieving the initial parking orbit, that could be used to
further change the orbit. Note that the “excess AV” is the impulsive velocity in excess of that

required for the flight performance reserve.

Table 2-3. Figure Numbers for the Delta IV Vehicle Performance Curves
Delta IV Medium-Plus

Figure description Delta IV Medium (4,2) (5,2) (5,4) Delta IV Heavy
GTO capability 2-9a and b 2-15aandb | 2-21aandb | 2-27aandb 2-33a and b
GTO excess AV capability 2-10 2-16 2-22 2-28 2-34
LEO circular orbit capability—ER 2-11 2-17 2-23 2-29 2-35
LEO excess AV capability—ER 2-12 2-18 2-24 2-30 2-36
LEO circular orbit capability—WR 2-13 2-19 2-25 2-31 2-37
LEO excess AV capability—WR 2-14 2-20 2-26 2-32 2-38
002389
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Separated Spacecraft Mass (kg)
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6,000

185-km Perigee Altitude
PAF 1194-4 (240 kg)

5,500 K

5,000 \

N\

4,500

N

4,000

N

N

4

3,500 S~ 28.5-deg Inclination — |
\ \ \\Q\\ 27 deg
eg
3,000 N \_\\\‘ e —— ———=-23 deg 1
\ \\ 19 deg
2,500 —
T —— 17 deg
15 deg
2,000
10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000 90,000 100,000 110,000

Apogee Altitude (km)

i Separated Spacecraft Mass (kg)
Apogee Altitude o

(km)* Inclination (deg)

28.5 27 25 23 21 19 17 15
10,000 5,659 | 5,618 (5,470 5,260 | 5,010 | 4,658 | 4,305 | 3,926
15,000 5,049 | 5,012 (4,897 [4,716 | 4,483 | 4,186 | 3,861 | 3,514
20,000 4,634 | 4,601 4,501 | 4,338 | 4,118 3,854 | 3,550 | 3,225
25,000 4,345 | 4,316 | 4,224 | 4,072 | 3,862 | 3,617 | 3,328 | 3,021
30,000 4,138 | 4,111 [ 4,022 | 3,877 | 3,677 | 3,443 | 3,166 | 2,871
35,786 3,960 | 3,934 | 3,848 3,709 | 3,517 | 3,291 | 3,026 | 2,742
40,000 3,856 | 3,830 (3,746 3,610 | 3,425 3,203 | 2,945 | 2,667
45,000 3,751 | 3,725 3,644 | 3,512 | 3,332 | 3,115 | 2,863 | 2,592
50,000 3,662 | 3,635 |3,5657 |3,428 | 3,254 | 3,040 | 2,795 | 2,529
55,000 3,585 | 3,559 (3,482 3,357 | 3,187 | 2,977 | 2,736 | 2,475
60,000 3,521 | 3,495 3,420 | 3,297 | 3,130 | 2,923 | 2,686 | 2,429
65,000 3,467 | 3,442 3,368 | 3,247 | 3,082 | 2,877 | 2,644 | 2,389
70,000 3,423 | 3,398 | 3,325 | 3,205 | 3,042 | 2,839 | 2,608 | 2,356
71,572 3,411 | 3,386 (3,312 | 3,193 | 3,030 | 2,828 | 2,597 | 2,346
75,000 3,385 | 3,362 | 3,288 | 3,169 | 3,007 | 2,805 | 2,576 | 2,327
80,000 3,351 | 3,328 3,254 3,136 | 2,975 | 2,775 | 2,548 | 2,301
85,000 3,317 | 3,294 | 3,222 | 3,105 | 2,945 | 2,747 | 2,521 | 2,275
90,000 3,283 | 3,260 (3,190 |3,074 | 2,915| 2,719 | 2,495 | 2,251
95,000 3,252 | 3,228 | 3,160 | 3,045 | 2,887 | 2,693 | 2,471 | 2,228
100,000 3,232 | 3,210(3,141 3,026 | 2,869 | 2,675 | 2,454 | 2,212

*Note: Trajectories have a perigee altitude of 185 km

Figure 2-9a. Delta IV-M Sub- and Super-Synchronous Transfer Orbit Capability (Eastern Range)
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12,500

12,000 \
11,500 |\
11,000

10,500

100-nmi Perigee Altitude
PAF 1194-4 (530 Ib)

—
o

)

o
o
o

z

9,500

-
Ve
,/
/

9,000 \ \ \\
8,500 \\\\
8,000 \\ \ \\\
L-28.5-deg Inclination

7,500 A S~ -

\ \ \ oy, 27 deg
7,000 \ N \ I — e —OF deg —
6,500 e = 21 deg
6,000 19 deg —
5,500 S —~— — 7 deg ——
5,000 =15 deg
4,500 |

5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000 50,000 55,000 60,000

Apogee Altitude (nmi)

. Separated Spacecraft Weight (Ib)
Apogee Altitude r—

(nmi)* Inclination (deg)

28.5 27 25 23 21 19 17 15
6,000 12,130|12,042|11,735|11,290(10,748 |10,005| 9,243 | 8,423
8,000 11,173|11,091 (10,834 (10,434 | 9,919| 9,261| 8,543 | 7,774
10,000 10,452(10,377 (10,150 | 9,781 | 9,288 | 8,689| 8,005 |7,276
12,000 9,905| 9,836 | 9,626 | 9,279 | 8,805| 8,244| 7,589 |6,891
14,000 9,484| 9,420| 9,219 | 8,887| 8,429| 7,894| 7,263 | 6,591
16,000 9,152| 9,091| 8,896 8,575| 8,132| 7,615| 7,004 | 6,351
18,000 8,883| 8,824 | 8,633 | 8,321| 7,891 | 7,386| 6,792 | 6,156
19,323 8,730 8,672 | 8,483 | 8,176| 7,754 | 7,256| 6,671 | 6,045
20,000 8,657| 8,600 | 8,412| 8,108| 7,690| 7,194| 6,615 | 5,993
22,000 8,463| 8,406 | 8,222 | 7,925| 7,518 | 7,030| 6,463 | 5,854
24,000 8,293| 8,236 | 8,056 | 7,765| 7,367 | 6,887|6,331 | 5,732
26,000 8,142| 8,084 | 7,908 | 7,623| 7,234 | 6,760| 6,214 |5,625
28,000 8,007 | 7,949 | 7,777| 7,497| 7,115| 6,648| 6,111 | 5,529
30,000 7,887|7,829 | 7,661| 7,385| 7,010| 6,548| 6,018 | 5,444
32,000 7,781| 7,724 | 7,558 | 7,287| 6,917 | 6,459| 5,936 | 5,368
34,000 7,689| 7,633 | 7,469 | 7,201| 6,835| 6,382| 5,864 |5,301
36,000 7,609| 7,554 | 7,391 | 7,125| 6,763| 6,313| 5,800 | 5,241
38,646 7,519 7,466 | 7,303 | 7,039 6,680 | 6,234|5,726 | 5,173
40,000 7,478| 7,425 | 7,262 | 7,000| 6,642| 6,197| 5,692 |5,141
42,000 7,421| 7,369 | 7,207 | 6,945| 6,590 | 6,147| 5,645 | 5,097
44,000 7,366| 7,315 | 7,153 | 6,893| 6,540| 6,099| 5,600 | 5,055
46,000 7,310( 7,260 | 7,100 | 6,842| 6,490| 6,053| 5,557 | 5,014
48,000 7,255| 7,204 | 7,047 | 6,791| 6,441 | 6,007| 5,514 | 4,974
50,000 7,201| 7,149 | 6,996 | 6,742| 6,394 | 5,964| 5,472 | 4,935
52,000 7,154| 7,102 | 6,952| 6,700| 6,352 | 5,925| 5,436 | 4,901

*Note: Trajectories have a perigee altitude of 100 nmi

Figure 2-9b. Delta IV-M Sub- and Super-Synchronous Transfer Orbit Capability (Eastern Range)
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6,000 I I I I I

185-km Circular Parking Orbit at 28.9-deg Inclination
5,500 [~ PAF 1194-4 (240 kg) =

5,000 N

4,500

4,000 S

3,500 N

SN

3,000 ~~—
\

2,500
) \
N
2,000

1,500 1,700 1,900 2,100 2,300 2,500 2,700 2,900 3,100 3,300 3,500 3,700
Excess AV (m/sec)
12,500 T T T

\ 100-nmi Circular Parking Orbit at 28.9-deg Inclination

11,500 S PAF 1194-4 (530 Ib) |

9,500 \

8,500 \
7,500 \

Separated Spacecraft Mass (kg)

—_
o
[4)]
o
o

Separated Spacecraft Weight (Ib)

6,500 \\
5,500 \\
4,500

5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,000

Excess AV (ft/sec)

Figure 2-10. Delta IV-M GTO Excess AV Capability (Eastern Range)
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Figure 2-11. Delta IV-M LEO Circular Orbit Capability (Eastern Range)
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Figure 2-12. Delta IV-M LEO Excess AV Capability (Eastern Range)
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Figure 2-13. Delta IV-M LEO Circular Orbit Capability (Western Range)
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Figure 2-14. Delta IV-M LEO Excess AV Capability (Western Range)
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8,500

8,000

7,500

7,000

185-km Perigee Altitude
PAF 1194-4 (240 kg) =

[\
6,500
AN
6,000 AN

Z/
/

/

N

5,500 NG
\\\ \\Q\ | - 28.5-deg Inclination
5,000 e N —— 27 deg -
4,500 "\ \\ e — eg |
< 21 deg
4,000 \\ \\ 19 deg
’ o T— 17 deg
3,500 T— | 5 deg .
3,000
10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000 90,000 100,000 110,000
Apogee Altitude (km)
Apogee Altitude Separated S-patl:ecraﬂ Mass (kg)
(km)* Inclination (deg)
28.5 27 25 23 21 19 17 15

10,000 8,004 (7,923 7,732 | 7,420 |7,027 | 6,571 | 6,088 | 5,625

15,000 7,190 | 7,123 |6,968 | 6,709 |6,375 | 5,979 | 5,551 | 5,123

20,000 6,633 | 6,577 |6,442 | 6,216 |5,918 | 5,562 | 5,170 | 4,766

25,000 6,248 | 6,197 |6,075 | 5,869 |5,595 | 5,263 | 4,895 | 4,509

30,000 5,971 | 5,924 5,810 | 5,617 |5,357 | 5,044 | 4,692 | 4,318

35,786 5,735 | 5,691 |5,583 | 5,399 |5,152 |4,852 | 4,514 | 4,151

40,000 5,598 | 5,556 | 5,451 | 5,272 |5,032 | 4,740 | 4,411 | 4,054

45,000 5,462 | 5,420 5,319 | 5,146 |4,912 | 4,629 | 4,307 | 3,958

50,000 5,346 | 5,306 |5,207 | 5,039 |4,811 | 4,534 | 4,219 | 3,877

55,000 5,247 | 5,208 |5,112 | 4,948 (4,725 | 4,454 | 4,144 | 3,809

60,000 5,164 | 5,126 |5,032 | 4,871 |4,652 | 4,385 | 4,081 | 3,751

65,000 5,095 | 5,058 |4,965 | 4,807 |4,591 | 4,328 | 4,028 | 3,702

70,000 5,038 | 5,001 {4,910 | 4,753 |4,540 |4,280 | 3,982 | 3,660

71,572 5,022 | 4,985 (4,895 | 4,738 |4,525 |4,266 | 3,970 | 3,649

75,000 4,990 | 4,953 4,863 | 4,707 |4,496 | 4,238 | 3,943 | 3,625

80,000 4,946 | 4,909 | 4,820 | 4,665 | 4,456 | 4,200 | 3,908 | 3,593

85,000 4,903 | 4,867 | 4,779 | 4,625 (4,418 | 4,164 | 3,875 | 3,563

90,000 4,860 | 4,824 | 4,737 | 4,586 (4,381 | 4,130 | 3,843 | 3,534

95,000 4,820 | 4,785 | 4,699 | 4,549 (4,346 | 4,097 | 3,813 | 3,507

100,000 4,795 | 4,760 | 4,674 | 4,525 (4,323 | 4,075 | 3,792 | 3,488

*Note: Trajectories have a perigee altitude of 185 km

Figure 2-15a. Delta IV-M+ (4,2) Sub- and Super-Synchronous Transfer Orbit Capability (Eastern Range)
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&
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\\ 27 deg
10,500 N N S ——
y \ \ 25 deg
T — m—| 23 deg
9,500 \\ 21 deg
\ —— =19 deg
8,500 ———7deg
— 15 d
7,500 =J
5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000 50,000 55,000 60,000

Apogee Altitude (nmi)

. Separated Spacecraft Weight (Ib)
Apogee Altitude —
(nmi)* Inclination (deg)
28.5 27 25 23 21 19 17 15

6,000 17,184|17,015|16,614(15,958 (15,125 {14,154 (13,122 12,121
8,000 15,905(15,758 |15,413(14,839 |14,098 |13,221(12,274 {11,329
10,000 14,941(14,810|14,503(13,986 |13,310(12,501|11,617 {10,714
12,000 14,209|14,090|13,808(13,332 {12,701 {11,942(11,104 |10,233
14,000 13,646|13,535|13,271(12,823 {12,225 (11,503(10,699 | 9,852
16,000 13,203|13,099 [12,846(12,418 {11,845 (11,151|10,373 | 9,546
18,000 12,846|12,746|12,502(12,089 {11,534 (10,862(10,105 | 9,295
19,323 12,643|12,546 |12,307 (11,903 {11,357 {10,697 | 9,952 | 9,152
20,000 12,548|12,452|12,216(11,815 (11,274 (10,619 9,880 | 9,084
22,000 12,294(12,200(11,970{11,579|11,051|10,411| 9,687 | 8,904
24,000 12,071{11,980|11,756(11,374 |10,857(10,230| 9,518 | 8,748
26,000 11,875|11,786 11,566 (11,192 {10,685 (10,069| 9,370 | 8,610
28,000 11,700(|11,613|11,398(11,031 {10,532 | 9,927| 9,237 | 8,489
30,000 11,545|11,460(11,249(10,888 (10,397 | 9,801| 9,120 | 8,381
32,000 11,409|11,325|11,118(10,762 {10,278 | 9,689| 9,016 | 8,286
34,000 11,291|11,208|11,003(10,651 {10,173 | 9,590| 8,925 | 8,202
36,000 11,188|11,106 10,904 10,555 {10,081 | 9,504| 8,844 | 8,129
38,646 11,072|10,991 {10,79110,445 | 9,976 | 9,405| 8,751 | 8,044
40,000 11,019|10,938|10,739(10,395 | 9,928 9,359| 8,709 | 8,005
42,000 10,946|10,865|10,668(10,325 | 9,862| 9,296| 8,650 | 7,951
44,000 10,876(10,795 (10,599 (10,259 | 9,798 | 9,236| 8,594 | 7,901
46,000 10,806(10,726 {10,531(10,194 | 9,736| 9,178| 8,540 | 7,852
48,000 10,735(10,656 |110,464 (10,129 | 9,675| 9,121| 8,487 | 7,804
50,000 10,666|10,588|10,398(10,066 | 9,617 | 9,066| 8,437 | 7,759
52,000 10,607|10,529|10,341(10,012| 9,565| 9,018| 8,392 | 7,719

*Note: Trajectories have a perigee altitude of 100 nmi

Figure 2-15b. Delta IV-M+ (4,2) Sub- and Super-Synchronous Transfer Orbit Capability (Eastern Range)
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Figure 2-16. Delta IV-M+ (4,2) GTO Excess AV Capability (Eastern Range)
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Figure 2-17. Delta IV-M+ (4,2) LEO Circular Capability (Eastern Range)

2-20 (L BOEING



Delta IV Payload Planners Guide
MDC 00H0043

HB01997REUO

12,500 [ [ | | |

185-km Circular Altitude
Useful Load = Separated Spacecraft Mass + PAF Mass

12,000

11,500 S

11,000 S~ V&
’ N
10,500 NN

10,000
9,500 55-deg Inclination

/‘V

45-deg Inclination

9,000

Useful Load (kg)

/)
/
/

8,500

\

8.000 51.6-deg Inclination @\
N~

7,000 \\§
6,500 ~
0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000

Excess AV (m/sec)
LY | | | | | |

27,000 |-\ 100-nmi Circular Altitude |
N Useful Load = Separated Spacecraft Weight + PAF Weight

26,000 \\\
25,000 - ~
\ \

24,000 ~
523,000 \ \\\
22,000 . AN

o
— 21,000
=

N 45-deg Inclination
55-deg Inclination \\

920,000
3 NN
19,000 NN
51.6-deg Inclination \\

18,000 SN
17,000 N
16,000 \\\
15,000 S
14,000
0

/

N

~
500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500 6,000 6,500
Excess AV (ft/sec)

/

Figure 2-18. Delta IV-M+ (4,2) LEO Excess AV Capability (Eastern Range)
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Figure 2-19. Delta IV-M+ (4,2) LEO Circular Orbit Capability (Western Range)
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Figure 2-20. Delta IV-M+ (4,2) LEO Excess AV Capability (Western Range)
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Separated Spacecraft Mass (kg)

HB02000REUO0.2

7,000

185-km Perigee Altitude
PAF 1194-5 (386 kg)

6,500

6,000

5,500

5,000

N\
N\

4,500

N

N
NS

28.5-deg Inclination

N
N %
\ \\t\\ 27 deg
N —— I‘gdeg
3,500 — S — 23 deg |
\\\ [ —— 21 deg
3,000 ~— \\ 19 deg
T — 17 deg
2,500 15 deg
10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000 90,000 100,000 110,000
Apogee Altitude (km)
Apogee Altitude Separated S.pat.:ecraﬂ Mass (kg)
(km)* Inclination (deg)
28.5 27 25 23 21 19 17 15
10,000 6,611 | 6,551 | 6,377 | 6,097 | 5,736 | 5,321 | 4,878 | 4,423
15,000 5,877 | 5,829 | 5,681 | 5,447 | 5,141 | 4,783 | 4,393 | 3,986
20,000 5,379 | 5,334 | 5,207 | 5,002 | 4,731 | 4,410 | 4,055 | 3,681
25,000 5,037 | 4,990 | 4,879 | 4,693 | 4,444 | 4,147 | 3,815 | 3,462
30,000 4,793 | 4,745 | 4,645 | 4,471 | 4,237 | 3,955 | 3,639 | 3,302
35,786 4,586 | 4,540 | 4,446 | 4,280 | 4,058 | 3,789 | 3,486 | 3,161
40,000 4,466 | 4,423 | 4,330 | 4,170 | 3,954 | 3,692 | 3,396 | 3,078
45,000 4,346 | 4,307 | 4,214 | 4,059 | 3,849 | 3,595 | 3,306 | 2,995
50,000 4,244 | 4,209 | 4,116 | 3,965 | 3,760 | 3,512 | 3,230 | 2,924
55,000 4,157 | 4,126 | 4,032 | 3,884 | 3,684 | 3,441 | 3,164 | 2,864
60,000 4,084 | 4,054 | 3,961 | 3,816 | 3,620 | 3,381 | 3,108 | 2,812
65,000 4,024 | 3,994 | 3,903 | 3,760 | 3,567 | 3,331 | 3,061 | 2,769
70,000 3,974 | 3,943 | 3,855 | 3,713 | 3,522 | 3,288 | 3,022 | 2,732
71,572 3,961 | 3,928 | 3,841 | 3,700 | 3,509 | 3,276 | 3,011 | 2,722
75,000 3,932 | 3,899 | 3,813 | 3,674 | 3,484 | 3,252 | 2,988 | 2,700
80,000 3,894 | 3,860 | 3,776 | 3,637 | 3,449 | 3,219 | 2,957 | 2,672
85,000 3,856 | 3,823 | 3,740 | 3,602 | 3,415 | 3,188 | 2,927 | 2,644
90,000 3,818 | 3,787 | 3,703 | 3,566 | 3,382 | 3,156 | 2,898 | 2,617
95,000 3,783 | 3,754 | 3,668 | 3,534 | 3,351 | 3,127 | 2,871 | 2,592
100,000 3,762 | 3,731 | 3,647 | 3,513 | 3,331 | 3,108 | 2,853 | 2,575

*Note: Trajectories have a perigee altitude of 185 km

Figure 2-21a. Delta IV-M+ (5,2) Sub- and Super-Synchronous Transfer Orbit Capability (Eastern Range)
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6,500 \ - |
[ 17 éeg
|

6,000 \s_ |
5,500 15 deg

5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000 50,000 55,000 60,000
Apogee Altitude (nmi)

i Separated Spacecraft Weight (Ib)
Apogee Altitude —

(nmi)* Inclination (deg)

28.5 27 25 23 21 19 17 15
6,000 14,158 (14,035 13,664|13,074{12,310(11,428(10,481 | 9,506
8,000 13,005(12,900|12,570(12,052|11,373|10,581| 9,717 | 8,818
10,000 12,141 (12,041|11,748{11,281|10,663 | 9,935| 9,133 | 8,290
12,000 11,489 (11,388|11,126|10,695|10,121| 9,439 | 8,682 | 7,881
14,000 10,991|10,887|10,649/10,243| 9,701| 9,053 | 8,330 | 7,559
16,000 10,601 (10,496 |10,274| 9,888| 9,369 | 8,747 | 8,048 | 7,301
18,000 10,287 (10,183| 9,972 9,600 9,099| 8,496 | 7,817 | 7,090
19,323 10,109|10,008| 9,801 9,436| 8,946| 8,353 7,685 | 6,968
20,000 10,026 | 9,926| 9,721| 9,359| 8,873| 8,286 | 7,623 (6,911
22,000 9,803| 9,709| 9,505/ 9,154| 8,679| 8,105| 7,456 | 6,757
24,000 9,608| 9,521| 9,317| 8,973| 8,509| 7,947 | 7,310 | 6,622
26,000 9,435| 9,356| 9,150 8,813| 8,359| 7,806| 7,179 | 6,502
28,000 9,281| 9,208| 9,001 8,671| 8,225| 7,681 | 7,063 | 6,395
30,000 9,145| 9,077| 8,870 8,545| 8,105| 7,570 6,960 | 6,300
32,000 9,026 | 8,960| 8,754/ 8,434| 8,000| 7,472| 6,869 | 6,215
34,000 8,922 | 8,856| 8,654 8,337| 7,908| 7,385| 6,789 | 6,141
36,000 8,832| 8,765| 8,566/ 8,253| 7,828| 7,310| 6,718 | 6,076
38,646 8,732| 8,660| 8,468 8,158| 7,737| 7,223 | 6,637 | 6,000
40,000 8,686 | 8,612| 8,423 8,114| 7,695| 7,184 | 6,600 | 5,965
42,000 8,622| 8,547| 8,361 8,054| 7,637| 7,129| 6,549 | 5,917
44,000 8,561 | 8,485| 8,301| 7,996| 7,582| 7,077 | 6,500 | 5,872
46,000 8,499 | 8,425| 8,241| 7,938| 7,527| 7,025| 6,451 | 5,827
48,000 8,436 | 8,366| 8,181| 7,880| 7,472| 6,973 | 6,404 | 5,783
50,000 8,375| 8,310| 8,122 7,823| 7,419| 6,924 | 6,358 | 5,740
52,000 8,323| 8,260| 8,071| 7,775| 7,373| 6,880| 6,317 | 5,703

*Note: Trajectories have a perigee altitude of 100 nmi

Figure 2-21b. Delta IV-M+ (5,2) Sub- and Super-Synchronous Transfer Orbit Capability (Eastern Range)
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Figure 2-22. Delta IV-M+ (5,2) GTO Excess AV Capability (Eastern Range)
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Figure 2-23. Delta IV-M+ (5,2) LEO Circular Orbit Capability (Eastern Range)
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Figure 2-24. Delta IV-M+ (5,2) LEO Excess AV Capability (Eastern Range)
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Figure 2-25. Delta IV-M+ (5,2) LEO Circular Orbit Capability (Western Range)
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Figure 2-26. Delta IV-M+ (5,2) LEO Excess AV Capability (Western Range)
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Separated Spacecraft Mass (kg)

HB02116REU0.2

9,000

8,500

8,000

7,500

185-km Perigee Altitude
PAF 1194-5 (386 kg) |

7,000 \ \
6,500 \\\\\\

6,000 \\\\

5,000

5,500 \\\\

28.5-deg Inclination

27 deg

//
[11/]]

25 deg

23 deg
21 deg

4,500

4,000

~——_
~—

19 deg

17 deg

w15 deg |

3,500
10,000

20,000 30,000 40,000

50,000

60,000 70,000
Apogee Altitude (km)

80,000

90,000 100,000 110,000

i Separated Spacecraft Mass (kg)
Apogee Altitude —

(km)* Inclination (deg)

28.5 27 25 23 21 19 17 15
10,000 8,940 | 8,854 | 8,631 | 8,277 | 7,834 | 7,327 | 6,789 | 6,227
15,000 8,042 | 7,975 | 7,788 | 7,498 | 7,126 | 6,689 | 6,215 | 5,712
20,000 7,435 7,373 | 7,214 | 6,962 | 6,632 | 6,240 | 5,808 | 5,346
25,000 7,018 | 6,956 | 6,817 | 6,587 | 6,284 | 5,920 | 5,515 | 5,081
30,000 6,722 | 6,661 | 6,532 | 6,316 | 6,030 | 5,685 | 5,299 | 4,883
35,786 6,470 | 6,411 | 6,289 | 6,084 | 5,810 | 5,480 | 5,109 | 4,709
40,000 6,325 | 6,269 | 6,149 | 5,948 | 5,682 | 5,360 | 4,998 | 4,607
45,000 6,179 | 6,128 | 6,008 | 5,813 | 5,554 | 5,241 | 4,887 | 4,505
50,000 6,054 | 6,008 | 5,888 | 5,698 | 5,445 | 5,139 | 4,793 | 4,419
55,000 5,949 | 5,906 | 5,785 | 5,600 | 5,353 | 5,053 | 4,713 | 4,345
60,000 5,859 | 5,818 | 5,699 | 5,518 | 5,275 | 4,980 | 4,645 | 4,282
65,000 5,786 | 5,745 | 5,628 | 5,449 | 5,209 | 4,918 | 4,587 | 4,228
70,000 5,725 | 5,683 | 5,569 | 5,392 | 5,155 | 4,867 | 4,539 | 4,183
71,572 5,709 | 5,665 | 5,553 | 5,376 | 5,139 | 4,852 | 4,525 | 4,170
75,000 5,674 | 5,630 | 5,519 | 5,343 | 5,108 | 4,822 | 4,497 | 4,144
80,000 5,627 | 5,682 | 5,474 | 5,299 | 5,065 | 4,782 | 4,459 | 4,108
85,000 5,681 | 5,637 | 5,429 | 5,256 | 5,024 | 4,743 | 4,423 | 4,075
90,000 5,634 | 5,492 | 5,384 | 5,213 | 4,984 | 4,706 | 4,388 | 4,043
95,000 5,491 | 5,451 | 5,342 | 5,173 | 4,947 | 4,672 | 4,357 | 4,013
100,000 5,465 | 5,423 | 5,316 | 5,148 | 4,922 | 4,648 | 4,334 | 3,991

*Note: Trajectories have a perigee altitude of 185 km

Figure 2-27a. Delta IV-M+ (5,4) Sub- and Super-Synchronous Transfer Orbit Capability (Eastern Range)
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Separated Spacecraft Weight (Ib)

HB02117REUO0.1

20,000 T T
100-nmi Perigee Altitude
19,000 PAF 1194-5 (851 Ib) —
18,000
17,000
16,000 \
15,000 \
14,000 \
13,000 \ \ — L
N \\\ nclination
12,000 \\ \
\\ N === 25deg
11,000 — e — 2 dleg
\ \.\ e — dleg
10,000 ‘\ |
— 17 deg
9,000 e — |
15 deg
8,000

5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000 50,000 55,000 60,000
Apogee Altitude (nmi)

P e Separated S'pac.ecraft Weight (Ib)
(nmi)* Inclination (deg)
28.5 27 25 23 21 19 17 15

6,000 19,199|19,023|18,550 (17,808 (16,873 | 15,796 14,646 (13,440
8,000 17,789(17,640 (17,226 |16,583 15,757 [14,790|13,740 (12,628
10,000 16,735|16,596 |16,230 (15,654 (14,905 |14,015(13,039 (11,997
12,000 15,941 (15,805 (15,476 {14,945 (14,248 [13,415|12,492 (11,503
14,000 15,335|15,199 (14,896 [14,397 13,737 |12,944{12,060 (11,111
16,000 14,861 (14,726 (14,441 |13,963 (13,329 [12,566|11,712(10,794
18,000 14,480|14,347|14,074(13,612(12,997 |12,257(11,426 (10,532
19,323 14,265 (14,135 (13,866 (13,412(12,808 |12,081|11,263|10,382
20,000 14,164 |14,035|13,768 (13,318 (12,719 |11,998(11,186 (10,312
22,000 13,892(13,771 (13,506 | 13,066 (12,481 [11,775|10,979 (10,122
24,000 13,655|13,541|13,276 (12,846 (12,273 |11,581(10,799| 9,955
26,000 13,444 (13,338 (13,073 |12,652(12,089 |11,409|10,639| 9,808
28,000 13,257 (13,157 (12,892 (12,478 (11,925 | 11,256|10,497| 9,678
30,000 13,090(12,996 (12,732|12,325(11,780 [{11,121|10,372| 9,561
32,000 12,945 (12,853 (12,591 (12,190(11,652 |11,001{10,260| 9,458
34,000 12,818|12,727|12,468 |12,072 (11,540 |10,896(10,162| 9,367
36,000 12,708 (12,616 (12,362 |11,969(11,442|10,803|10,075| 9,286
38,646 12,585|12,490(12,242 (11,852 (11,330 |10,697| 9,976/ 9,193
40,000 12,529 (12,432 (12,187 |11,798(11,279|10,648| 9,930/ 9,150
42,000 12,451|12,352|12,111 (11,724 (11,208 |10,581| 9,866 9,091
44,000 12,376 (12,277 (12,038 |11,654|11,140 {10,517| 9,807| 9,035
46,000 12,301 (12,203 (11,965 (11,583 11,074 |10,454| 9,748 8,981
48,000 12,224 (12,130 (11,891 (11,513|11,008 |10,393| 9,692 8,928
50,000 12,149|12,060(11,819(11,445(10,944 |10,334| 9,637| 8,877
52,000 12,084 |11,998|11,757 11,386 (10,889 |10,282| 9,589 8,832

*Note: Trajectories have a perigee altitude of 100 nmi

Figure 2-27b. Delta IV-M+ (5,4) Sub- and Super-Synchronous Transfer Orbit Capability (Eastern Range)
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Figure 2-28. Delta IV-M+ (5,4) GTO Excess AV Capability (Eastern Range)
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Figure 2-29. Delta IV-M+ (5,4) LEO Circular Orbit Capability (Eastern Range)
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Figure 2-30. Delta IV-M+ (5,4) LEO Excess AV Capability (Eastern Range)
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Figure 2-31. Delta IV-M+ (5,4) LEO Circular Orbit Capability (Western Range)
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Figure 2-32. Delta IV-M+ (5,4) LEO Excess AV Capability (Western Range)
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HB02123REU0.2

15,500 I I I I I

185-km Perigee Altitude
Two PAF 1194-5 (386 kg each)
Separated Spacecraft Mass = Combined Mass of Both Spacecraft

14,500

13,500

)

—_
N
[¢)]
o
o

10,500

Separated Spacecraft Mass (kg

\\ 28.5-deg Inclination
9,500 oy
\\ 27 deg
8,500 \ —25deg |
23 deg
21 de
7,500 N \ ————— 9
\\ 19 deg
6,500 L 17 deg -]
15 deg

5,500
10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000 90,000 100,000 110,000

Apogee Altitude (km)

Apogee Altitude Separated S.pac.:ecraft Mass (kg)

(km)* Inclination (deg)

28.5 27 25 23 21 19 17 15
10,000 15,229 (15,025|14,613|13,986 {13,195 (12,287 (11,304 (10,281
15,000 13,691|13,530(13,178(12,636 (11,939 {11,123 (10,228 | 9,286
20,000 12,619 (12,486 |12,174|11,688 {11,053 {10,300 | 9,466 8,582
25,000 11,860 (11,745|11,459|11,010(10,417 | 9,708 | 8,918| 8,075
30,000 11,303|11,201(10,934(10,509 | 9,946 | 9,269 | 8,510| 7,699
35,786 10,819 (10,726|10,474(10,071 | 9,532 | 8,882 | 8,151 7,367
40,000 10,535 (10,448 |10,205| 9,813| 9,288 | 8,654 | 7,939| 7,172
45,000 10,250 (10,167 | 9,933| 9,554| 9,043 | 8,424 | 7,726| 6,975
50,000 10,007 | 9,929| 9,702| 9,333| 8,834 | 8,228 | 7,544 | 6,807
55,000 9,799 | 9,724| 9,505| 9,144| 8,655| 8,060| 7,388| 6,664
60,000 9,623 | 9,551| 9,337| 8,982| 8,502 | 7,917 | 7,255| 6,541
65,000 9,474 | 9,405| 9,195| 8,846| 8,373| 7,796 | 7,142| 6,437
70,000 9,350 | 9,283| 9,076| 8,731| 8,263| 7,693| 7,047| 6,349
71,572 9,314 | 9,248| 9,042| 8,699 8,232| 7,664 | 7,019| 6,324
75,000 9,242 | 9,177| 8,973| 8,632| 8,169| 7,604 | 6,964 | 6,272
80,000 9,145 | 9,081| 8,879| 8,542| 8,083| 7,523| 6,889| 6,203
85,000 9,051 | 8,989| 8,790| 8,456| 8,001 | 7,447 | 6,817| 6,137
90,000 8,959 | 8,898| 8,702| 8,372| 7,922| 7,372 | 6,748| 6,073
95,000 8,874 | 8,815 8,621| 8,294| 7,848 | 7,303| 6,684| 6,014
100,000 8,816 | 8,757| 8,565| 8,240| 7,796 | 7,254 | 6,638| 5,972

*Note: Trajectories have a perigee altitude of 185 km
**Note: Combined mass of both spacecraft

Figure 2-33a. Delta IV-H Dual-Manifest Sub- and Super-Synchronous Transfer Orbit Capability (Eastern Range)
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33,000 I I I I I

100-nmi Perigee Altitude
Two PAF 1194-5 (851 Ib each)
Separated Spacecraft Weight = Combined Weight of Both Spacecraft

31,000

29,000

27,000

25,000

23,000

Separated Spacecraft Weight (Ib)

21,000 - ‘\ \ 28.5-deg Inclination

\ \\\\ 27 deg
N [ [ — ]
T NN T——— B
17.000 S e~ 21 deg
) \ |
== 19 de

\ \\ g
152000 \\ — 1 7Jdeg
13,000 15 deg

5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000 50,000 55,000 60,000
Apogee Altitude (nmi)

. Separated Spacecraft Weight (Ib)**
Apogee Altitude —
(nmi)* Inclination (deg)
28,5 | 27 25 23 21 19 17 15

6,000 32,710|32,285|31,411|30,078|28,386| 26,438(24,319|22,109

8,000 30,288|29,929|29,151|27,950|26,406| 24,602(22,622|20,540
10,000 28,436(28,126|27,417|26,313|24,877|23,183|21,309(19,326
12,000 27,007 |26,734|26,075|25,043|23,688|22,077|20,285(18,380
14,000 25,890(25,643|25,022|24,043|22,749|21,202(19,474(17,631
16,000 24,998(24,771|24,179|23,241|21,994|20,497|18,820(17,027
18,000 24,268|24,056|23,487(22,580(21,371|19,914(18,279|16,528
19,323 23,851|23,647|23,091|22,202|21,014| 19,580|17,969(16,242
20,000 23,654 (23,454|22,904|22,024|20,845| 19,422/ 17,822(16,107
22,000 23,125|22,935|22,402(21,543|20,391| 18,997|17,428|15,742
24,000 22,661(22,479|121,961(21,121|19,992| 18,624(17,081|15,422
26,000 22,250(22,074|21,569|20,747|19,637| 18,292 16,772(15,138
28,000 21,883|21,714|21,220(20,413|19,321|17,996| 16,498| 14,884
30,000 21,556|21,393|20,910|20,115|19,040| 17,732| 16,253(14,658
32,000 21,268(21,109/|20,634|19,852|18,790| 17,498/ 16,035(14,457
34,000 21,013/20,859|20,392|19,619|18,569| 17,290| 15,842(14,280
36,000 20,790|20,640|20,179({19,414|18,374|17,107|15,672|14,123
38,646 20,535|20,388|19,934|19,178|18,149| 16,896(15,475(13,941
40,000 20,417|20,273|19,821|19,069|18,046| 16,798| 15,384(13,858
42,000 20,255|20,113|19,665|18,918|17,902| 16,663| 15,259(13,742
44,000 20,100(19,960|19,516|18,775|17,766| 16,535/ 15,139(13,632
46,000 19,947(19,810(19,370|18,635|17,633| 16,410/ 15,023(13,525
48,000 19,796(19,661(19,226|18,497|17,502| 16,288| 14,909(13,420
50,000 19,650(19,518/19,088|18,365|17,377| 16,170/ 14,800{13,319
52,000 19,523(19,392(18,966|18,248|17,266| 16,066| 14,703(13,230

*Note: Trajectories have a perigee altitude of 100 nmi
**Note: Combined weight of both spacecraft

Figure 2-33b. Delta IV-H Dual-Manifest Sub- and Super-Synchronous Transfer Orbit Capability (Eastern Range)
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Figure 2-34. Delta IV-H Dual-Manifest GTO Excess AV Capability (Eastern Range)
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Figure 2-35. Delta IV-H LEO Circular Orbit Capability (Eastern Range)
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Figure 2-36. Delta IV-H LEO Excess AV Capability (Eastern Range)
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Figure 2-37. Delta IV-H LEO Circular Orbit Capability (Western Range)
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Section 3
PAYLOAD FAIRINGS

The payload launched on a Delta IV Medium, Delta IV Medium-Plus, or Delta IV Heavy
launch vehicle is protected by fairings that shield it from the external environment and contamina-
tion during the prelaunch and ascent phases. The Delta IV launch system uses a wide variety of
heritage-based fairings to meet the broad needs of our customers (Figure 3-1). Fairings are jetti-
soned early during either first- or second-stage powered flight when an acceptable free molecular
heating rate is reached (Section 2.3). A general discussion of the Delta IV fairings is presented in

Section 3.1. Detailed fairing descriptions and envelopes are given in Sections 3.2 and 3.3.

3.1 GENERAL DESCRIPTION

The internal fairing envelopes presented in the following text and figures define the maximum
allowable static dimensions of the payload (including manufacturing tolerances) relative to the
payload/attach fitting interface. If the payload dimensions are maintained within these envelopes,
there will be no contact of the payload with the fairing during flight as long as the payload’s fre-
quency and structural stiffness characteristics are within the guidelines specified in

Section 4.2.3.2. Payload envelopes include allowances for relative deflections between the

launch vehicle and payload. Also included are launch vehicle manufacturing tolerances and the
thickness (including billowing) of the acoustic blankets that are installed on the interior of the

fairing. Typical acoustic blanket configurations are described in Table 3-1.

Clearance layouts and analyses are performed and, if necessary, critical clearances between the
payload and fairing are measured after the fairing is installed to ensure positive clearance during
flight. To facilitate this, the payload description must include an accurate definition of the physi-
cal location of all points on the payload that are within 51 mm (2 in.) of the allowable envelope.
(Refer to Section 8, Payload Integration.) The dimensions must include the maximum payload
manufacturing tolerances (and, if applicable, blanket billowing).

An air-conditioning inlet door on the fairing provides a controlled environment for the encap-
sulated payload while on the launch stand (Section 4.1.1). A GN, purge system can be incorpo-
rated to provide continuous dry nitrogen to the payload until liftoff.

Payload contamination is minimized by cleaning the fairing in a class 100,000 cleanroom prior
to shipment to the field site. More stringent cleanliness levels for the fairing and inspection using

an ultraviolet (UV) light are available on request. (See Table 4-4 and Section 4.1.5 for a descrip-

tion of cleanliness levels.)
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Figure 3-1. Delta IV Fairing Configurations
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Table 3-1. Typical Acoustic Blanket Configurations

Fairing Location
4-m Delta IV-M and The baseline configuration for acoustic blankets is 76-mm (3-in.)-thick.
Delta IV-M+ (4,2)
5-m Delta IV-M+ (5,2), The baseline configuration for acoustic blankets is 114-mm (4.5-in.)-thick, running from just

Delta IV-M+ (5,4), and Delta IV-H |below the nose cap to the base of the fairing.
composite fairing
5-m Delta IV-H, The baseline configuration for acoustic blankets is 76-mm (3-in.)-thick, running from just below
metallic fairing the 15-deg to 25-deg cone joint in the nose cone to the base of the fairing.

m The configurations may be modified to meet mission-specific requirements.

m Blankets for the Delta IV composite fairings are constructed of acoustic dampening material and are vented through the aft sec-
tion of the fairings. These blankets are designed to meet the intent of the 1.0% maximum total weight loss and 0.10% maximum
volatile condensable material.

m Blankets for the Delta IV metallic fairing are constructed of silicone-bonded heat-treated glass-fiber batting enclosed between
two 0.076-mm (0.003-in.) conductive Teflon-impregnated fiberglass facesheets. The blankets are vented through a
5-um stainless steel mesh filter that controls particulate contamination to levels better than a class 10,000 clean-room environ-
ment. Outgassing of the acoustic blankets meets the criteria of 1.0% maximum total weight loss and 0.10% maximum volatile
condensable material.

t561.10

3.2 4-M AND 5-M-DIA COMPOSITE PAYLOAD FAIRING

The 4-m-dia by 11.7-m (38.5-ft)-long composite fairing is used on the Delta IV-M and
Delta IV-M+ (4,2) launch vehicles. The 5-m-dia by 14.3-m (47-ft)-long composite fairing is
used on the Delta IV-M+ (5,2) and Delta IV-M+ (5,4) launch vehicles. The 5-m-dia by 19.1-m
(62.7-ft)-long composite fairing is used on the Delta IV-H commercial launch vehicle. Dual-
manifest missions may utilize either a 5-m-dia by 19.1-m (62.7-ft)-long or 5-m-dia by 22.4-m
(73.5-ft)-long fairing and dual-payload canister (DPC) on the Delta IV-H commercial launch
vehicle.

The 4-m composite fairing (Figures 3-2 and 3-3) and the 5-m composite fairing (Figures 3-4 and
3-5) are composite sandwich structures that separate into two bisectors. Each bisector is constructed
in a single co-cured layup, eliminating the need for module-to-module manufacturing joints and
intermediate ring stiffeners. The resulting smooth inside skin provides the flexibility to install
access doors almost anywhere in the cylindrical portion of the fairing (Figures 3-6, 3-7, and 3-8).

The allowable static payload envelope in the fairing is shown in Figure 3-2 for the 4-m composite
fairing with the 1575-4 payload attach fitting (PAF) interface. Figure 3-3 defines the envelopes for the
4-m fairing with the 937-4, 1194-4, 1664-4, and 1666-4 payload attach fittings. Figures 3-4 and 3-5
define the envelopes for the 14.3-m (47-ft) and 19.1-m (62.7-ft)-long 5-m composite fairings with the
937-5, 1194-5, 1575-5, 1664-5, and 1666-5 payload attach fittings.

These figures assume that the payload stiffness guidelines in Section 4.2.3 are observed. All pay-
load extrusions outside of the payload envelopes or below the payload separation plane require coor-
dination with and approval of Delta Launch Services.

Two standard access doors, 0.46-m (18-in.) dia or 0.61-m (24-in.) dia, are provided in the fair-
ing cylindrical section. Because it is understood that customers may need access to items such as
payload ordnance devices, electrical connectors, and fill-and-drain valves for payloads using

liquid propellants, additional access doors can be installed on a mission-unique basis. Also,
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Figure 3-3. Payload Envelope, 4-m-dia Composite Fairing
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Figure 3-6. Allowable Access Door Locations for 4-m-dia by 11.7-m-Long Composite Fairing

differing diameters or shapes for the two standard access doors can be accommodated on a mis-
sion-unique basis. Access doors typically do not have acoustic blankets attached to their inboard
surfaces but can have them, on a mission-unique basis, to provide additional acoustic attenuation.
Access door locations and sizes should be coordinated with Delta Launch Services.

Radio frequency (RF) windows can be accommodated by co-curing during the shell layup or
by post-curing later in the manufacturing cycle. RF window requirements should be coordinated
with Delta Launch Services.

The bisectors are joined by a contamination-free linear piston/cylinder thrusting separation rail
system that runs the full length of the fairing. Two functionally redundant explosive bolt assem-
blies provide structural continuity at the base ring of the fairing.

The fairing bisectors are jettisoned by actuating the explosive bolt assemblies and then deto-
nating the linear explosive strands in the thrusting joint cylinder rail cavity. Separation
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Figure 3-7. Allowable Access Door Locations for 5-m-dia by 14.3-m-Long Composite Fairing

augmentation springs are provided to ensure positive separation clearance. A bellows assembly
in each cylinder rail retains the combustion product gases and thereby prevents payload contam-
ination during the fairing separation event.

The dual-manifest concepts shown in Figures 3-9 and 3-10 feature a cylindrical composite

dual-payload canister (DPC) that encapsulates the lower payload and a composite bisector fairing
that encapsulates the upper payload. Both payloads are mounted within these bays to Delta IV
separation interfaces, dependent on payload needs. These figures also assume that the payload
stiffness guidelines in Section 4.2.3 are observed. Protrusion outside any portion of the payload
envelope or below the payload separation plane require coordination with and approval of Delta

Launch Services.

3.3 5-M-DIA METALLIC PAYLOAD FAIRING
The 5-m-dia modified Titan IV metallic fairing built by Boeing (Figure 3-11) is an aluminum

isogrid structure that separates into three sectors. Its flight-proven, frame-stabilized isogrid skin is
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Figure 3-8. Allowable Access Door Locations for 5-m-dia by 19.1-m-Long Composite Fairing

designed to provide a lightweight structure while maintaining sufficient strength, stiffness, and
aerial density, to withstand the flight environments. This fairing is 19.8 m (65 ft) long and is the
baseline 5-m fairing for government Delta IV-H launch vehicles.

The PLF trisectors are joined by a contamination-free linear piston/cylinder thrusting separation
rail system that runs the full length of the fairing. Two functionally redundant release nuts and
studs provide structural continuity at the base of the fairing at each trisector separation rail
interface. The fairing trisectors are jettisoned by actuating the release nut and studs first and then

by detonating the linear explosive assembly in the thrusting joint cylinder rail cavity. The bellows
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Figure 3-9. Delta IV Heavy 5-m-dia by 19.1-m-Long Dual-Manifest Fairing Payload Envelope

assembly in each cylinder rail retains the combustion product gases, preventing contamination of
the payload during the fairing separation event.

The baseline acoustic blanket configuration is described in Table 3-1. Boeing can provide acous-
tic blankets varying in thickness from 38 mm (1.5 in.) up to 152 mm (6 in.) in 13-mm (0.5-in) incre-
ments, including the addition of acoustic blankets in the biconic nose above the 15-deg to 25-deg
cone joint. Two payload access doors will be provided to suit the user’s needs on a standard basis.
The customer may choose from several door sizes that are all flight-qualified for production. Addi-
tional access doors can be provided. All access door sizes and locations must be coordinated with
Delta Launch Services.

Figure 3-11 assumes that the payload stiffness guidelines in Section 4.2.3 are observed. Intru-
sion into any portion of the fairing envelope that is below the separation plane or local protuber-

ances outside the envelope requires coordination with and approval by Delta Launch Services.
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Figure 3-10. Delta IV Heavy 5-m-dia by 22.4-m-Long Dual-Manifest Fairing Payload Envelope
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Section 4
PAYLOAD ENVIRONMENTS

This section describes the environments to which the payload is exposed from delivery at
launch site through launch. Section 4.1 presents prelaunch environments for processing facilities
at both the Eastern and Western ranges. Section 4.2 presents the Delta IV launch and flight envi-

ronments for the payload.

4.1 PRELAUNCH ENVIRONMENTS
4.1.1 Air-Conditioning and Gaseous Nitrogen (GN,) Purge

During processing, the payload environment is carefully controlled for temperature, relative
humidity, and cleanliness. This includes the processing conducted before the payload is encap-
sulated within the payload fairing, transported to the launch pad, and lifted onto the Delta IV
launch vehicle. During transportation, air-conditioning is supplied through a portable environ-
mental control system (ECS). Air-conditioning is supplied to the payload by an umbilical after
the encapsulated payload is mated to the Delta IV launch vehicle. The payload air-distribution
system (Figure 4-1 for 4-m and 5-m composite fairings and Figure 4-2 for the 5-m metallic fair-
ing option) provides air at the required cleanliness, temperature, relative humidity, and flow
rate. The air is supplied to the payload at a maximum flow rate of 36.3 kg/min to 72.6 kg/min
(80 to 160 Ib/min) for 4-m fairing launch vehicles; and 90.7 kg/min to 136.0 kg/min (200 to

02097REU9.1

-«——— Fairing Composite Shell

ndq
4/4— Air-Conditioning Duct

Air Diffuser

Acoustic Blankets ————

Figure 4-1. Standard 4-m Composite Fairing and 5-m Composite Fairing Air-Conditioning
Duct Inlet Configuration
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Figure 4-2. 5-m Metallic Fairing Payload Air-Distribution System

300 1b/min) for 5-m fairing launch vehicles. Air flow around the payload is discharged through
vents in the aft end of the fairing. Both Space Launch Complexes, SLC-37 and SLC-6, have a
backup system for fairing air-conditioning. The 4-m and 5-m composite fairings’ air-distribu-
tion systems use a diffuser on the inlet air-conditioning duct at the fairing interface. The metal-
lic fairing air-distribution system is ducted up to the nose and the air enters the payload
compartment through a diffuser. The air-conditioning umbilical is pulled away at liftoff by lan-
yard disconnects, and the inlet door on the fairing automatically closes.

A GN, purge line to the payload can be accommodated through the air-conditioning duct. The
air-conditioning duct is below the cone/cylinder junction in the Quad I/Quad II half for the 4-m
and 5-m composite fairings and in the middle of trisector II for the 5-m metallic fairing. Unique
mission requirements or equipment and mission-specific options should be coordinated with Delta
Launch Services.

Various payload processing facilities are available at the launch site for use by the customer. Envi-
ronmental control specifications for these facilities are listed in Tables 4-1 and 4-2 for the Eastern and

Western ranges, respectively. The facilities to be used depend on payload program requirements.

4.1.2 MST Enclosure

The mobile service tower (MST) provides customers access to the encapsulated payload once

it is mated to the launch vehicle. This enclosure is located at levels 8 to 12 in the MST to provide
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Table 4-1. Eastern Range Facility Environments

Location Temperature Relative humidity(") Particulate class'?)
Encapsulated payload |Mobile 18.3° to 29.4° +2.8°C Max 50% Class 50003
(65° to 85°+5°F) Min not controlled
MST®) Environmental enclosure  |20° to 25.6°C (68° to Max 75% Not controlled
78°F) Min not controlled
Fairing Any specified between |20 to 50% Class 5000 inlet

10° and 29.4° +2.8°C
(50° and 85° +5°F)

Astrotech Building 9: airlock, high 21.0° + 2.8°C (70° + 5°F)[40 + 60% Class 100,0000)
bays, storage bays

Functional 10,000

Note: The facilities listed can only limit the maximum humidity level. The facilities do not have the capability to maintain a minimum
RH value.
These numbers are provided for planning purposes only. Specific values should be obtained from the controlling agency.

MpcES only: A 50% relative humidity maximum can be maintained at a temperature of 18.3°C (65°F). At higher temperatures, the
relative humidity can be reduced by drying the conditioned air to a minimum specific humidity of 48 grains of moisture per 0.45 kg
51 Ib) of dry air.

2)Verified/sampled at duct outlet.

(B)FED-STD-209D.

®A backup system exists for the mobile service tower (MST) air-conditioning.

0000584.7

Table 4-2. Western Range Facility Environments

Location Temperature Relative humidity Particulate Class
Encapsulated payload |Mobile 18.3° 10 29.4° +2.8°C Max 50% Class 5000(7)
(65° to 85° +5°F) Min uncontrolled
Spaceport Systems Payload Checkout Cells 21.1° £2.8°C (70° £5°) |30 to 50% Class 100,000(")
International HEPA filtered, Class
5000 at inlet
Astrotech Payload Processing 15.5° to 26.6° +1.2°C(@ |35 to 60% +10(2) Class 100,00012)
Rooms (60° to 80° +2°F) functional 10,000
MST SLC-6 MST/MAS Not controlled Not controlled Not controlled
Fairing Any specified between |20 to 50% Class 5000 inlet(®
10° and 29.4° +2.8°C
(50° and 85° +5°F)

()FED-STD-209D.
@controlled per customer requirement within range, shown.

0000585.7

weather protection. A portable clean environmental shelter (PCES), as shown in Figure 4-3, can
be provided that allows environmentally controlled (class 5000) access through one payload fair-
ing (PLF) door within the MST operational constraints while the encapsulated payload is housed
within the MST. Multiple doors may be accessed with PCESs. This will be considered on a case-
by-case basis. The PCES comprises three major components: (1) entrance/changing chamber,
(2) working chamber, and (3) PLF interface. This interface provides shielding/sealing around

the PLF access doors and protects the encapsulated payload from being contaminated.

4.1.3 Radiation and Electromagnetic Environments

The Delta IV launch vehicle transmits on several frequencies to provide launch vehicle teleme-
try and beacon signals to the appropriate ground stations and the tracking and data relay satellite

system (TDRSS). The launch vehicle also has uplink capability for command destruct. An S-band
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Figure 4-3. Portable Clean Environmental Shelter (PCES)
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telemetry system, two command receiver decoder (CRD) systems, and a C-band transponder

(beacon) are provided on the second stage. The radiation characteristics of these systems are

listed in Table 4-3. The radio frequency (RF) systems are switched on prior to launch and remain

on until mission completion.

At the Eastern and Western ranges, the electromagnetic environment to which the satellite is

exposed results from the operation of range radars and launch vehicle transmitters and antennas.

The maximum RF environment at the launch site is controlled through coordination with the

Table 4-3. Delta IV Transmitter Characteristics

Second-stage telemetry radiation
characteristics

Second-stage C-band
beacon characteristics

Transmitter

Nominal frequency 2241.5 MHz 5765 MHz (transmit)
5690 MHz (receive)
Power output 30.0 W min 400 W min peak,

0.52 W min average

Modulation data rate 1.92 Mbps (Delta IV Heavy) or 1.28 Mbps (Delta IV Medium) from launch |6 MHz at 6 dB

to conclusion of range safety authority and 192 kbps via TDRSS until the

contamination and collision avoidance maneuver (CCAM)

Antenna
S-Band C-Band

Type Patch Spiral
Polarization Right-hand circular Right-hand circular
Location 5-m second stage — Sta 1172.88 5-m Sta 1172.88

4-m second stage — Sta 1232.36

4-m Sta 1232.36

Pattern coverage

Launch to 2 deg above radar horizon = 95%

From 2 deg above radar horizon to CCAM = 95% +60 deg boresight via
one of four selected antennas around the circumference of the launch
vehicle

4-4
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range and with protective masking of radars. The launch pads are protected to an environment of
20 V/m at frequencies from 14 kHz to 40 GHz and 40 V/m in the S- and C-band frequencies used
for vehicle range tracking and telemetry.

The RF environment is analyzed to ensure that the satellite transmitters are compatible with the
launch vehicle avionics and ordnance systems. RF compatibility is also analyzed to verify that the
launch vehicle and satellite transmitter frequencies do not have interfering intermodulation prod-
ucts or image-rejection problems. For dual-manifested missions, RF co-passenger compatibility is

also required.

Customer should contact Delta Launch Services for induced RF environments.

4.1.4 Electrostatic Potential

During ground processing, the payload must be equipped with an accessible ground attachment
point to which a conventional alligator-clip ground strap can be attached. Preferably, the ground
attachment point is located on or near the base of the payload, at least 31.8 mm (1.25 in.) above
the separation plane. The launch vehicle/payload interface provides the conductive path for
grounding the payload to the launch vehicle. Therefore, dielectric coating should not be applied to
the payload interface. The electrical resistance of the payload-to-payload attach fitting (PAF)
interface surfaces must be 0.0025 ohm or less and is verified during payload-to-PAF mate (refer-
ence MIL-STD-464, Class R).

4.1.5 Contamination and Cleanliness

The following guidelines and practices ensure that payload contamination is minimized during
encapsulation, transport, and launch site operations.

Precautions are taken during manufacture, assembly, test, and shipment of the Delta IV second-
stage area, fairing, and PAF to prevent contaminant accumulations.

The fairing and PAF are cleaned at the manufacturing site using approved solvents, then
inspected for cleanliness prior to double-bagging for shipment to the launch site. Table 4-4 pro-
vides Boeing STP0407 visible cleanliness (VC) levels with their NASA SN-C-0005 equivalents.
STP0407 defines the cleanliness levels available to payload customers. The standard level for a
Delta IV mission using a composite fairing is VC 3. Other cleanliness levels must be negotiated

with Delta Launch Services.

Encapsulation of the payload into the fairing is performed in a facility that is environmentally
controlled to class 100,000 conditions. All handling equipment is cleanroom compatible and is
cleaned and inspected before it enters the facility. These environmentally controlled conditions
are available for all remote encapsulation facilities. A transporter provided by Boeing is used to
transport the encapsulated payload to the launch pad and a portable environmental control system
is used to provide environmental protection for the payload during transport. Personnel and
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Table 4-4. Cleanliness Level Definitions

Boeing STP0407-0X NASA SN-C-0005
VC 1 None
VC 2 VC Standard
VC 3 VC Highly Sensitive, Standard Level
VC 4 VC Sensitive + UV (Closest equivalent; Boeing is more critical)
VC5 VC Highly Sensitive
VC 6 VC Highly Sensitive + UV
vC7 VC Highly Sensitive + NVR Level A

VC 1—All surfaces shall be visibly free of all particulates and nonparticulates visible to the normal unaided/corrected-vision eye.
Particulates are defined as matter of miniature size with observable length, width, and thickness. Nonparticulates are film matter
without definite dimension. Inspection operations shall be performed under normal shop lighting conditions at a maximum distance
of 0.915 m (3 ft).

VC 2—All surfaces shall be visibly free of all particulates and nonparticulates visible to the normal unaided/corrected-vision eye.
Particulates are defined as matter of miniature size with observable length, width, and thickness. Nonparticulates are film matter
without definite dimension. Inspection operations shall be performed at incident light levels of 538.2 lux (50 foot-candles [fc]) and
observation distances of 1.52 m to 3.05 m (5 ft to 10 ft).

VC 3—All surfaces shall be visibly free of all particulates and nonparticulates visible to the normal unaided/corrected-vision eye.
Particulates are identified as matter of miniature size with observable length, width, and thickness. Nonparticulates are film matter
without definite dimension. Incident light levels shall be 1076.4 lux to 2152.8 lux (100 fc to 200 fc) at an observation distance of
45.2 cm (18 in.) or less.

VC 4—All surfaces shall be visibly free of all particulates and nonparticulates visible to the normal unaided/corrected-vision eye.
Particulates are identified as matter of miniature size with observable length, width, and thickness. Nonparticulates are film matter
without definite dimension. This level requires no particulate count. The source of incident light shall be a 300-W explosion-proof
droplight held at distance of 1.52 m (5 ft), maximum, from the local area of inspection. There shall be no hydrocarbon contamination
on surfaces specifying VC 4 cleanliness.

VC 5—All surfaces shall be visibly free of all particulates and nonparticulates visible to the normal unaided/corrected-vision eye.
Particulates are identified as matter of miniature size with observable length, width, and thickness. Nonparticulates are film matter
without definite dimension. This level requires no particulate count. Incident light levels shall be 1076.4 lux to 2152.8 lux (100 fc to
200 fc) at an observation distance of 15.2 cm to 45.7 cm (6 in. to 18 in.). Cleaning must be done in a class 100,000 or better clean-
room.

VC 6—All surfaces shall be visibly free of all particulates and nonparticulates visible to the normal unaided/corrected-vision eye.
Particulates are identified as matter of miniature size with observable length, width, and thickness. Nonparticulates are film matter
without definite dimension. This level requires no particulate count. Incident light levels shall be 1076.4 lux to 2152.8 lux (100 fc to
200 fc) at an observation distance of 15.2 cm to 45.7 cm (6 in. to 18 in.). Additional incident light requirements are 8 W minimum of
long-wave ultraviolet (UV) light at 15.2 cm to 45.7-cm (6 in. to 18-in.) observation distance in a darkened work area. Protective eye-
wear may be used as required with UV lamps. Cleaning must be done in a class 100,000 or better cleanroom.

VC 7—All surfaces shall be visibly free of all particulates and nonparticulates visible to the normal unaided/corrected-vision eye.
Particulates are identified as matter of miniature size with observable length, width, and thickness. Nonparticulates are film matter
without definite dimension. This level requires no particulate count. Incident light levels shall be 1076.4 lux to 2152.8 lux (100 fc to
200 fc) at an observation distance of 15.2 cm to 45.7 cm (6 in. to 18 in.). Cleaning must be done in a class 100,000 or better clean-
room. The nonvolatile residue (NVR) is to be one microgram or less per square centimeter (one milligram or less per square foot) of
surface area as determined by the laboratory using a minimum of two random NVR samples per quadrant per bisector or trisector.

0000587.6
operational controls are employed during payload encapsulation and access at the pad (if
required) to maintain payload cleanliness. Such standard controls are detailed in the Delta IV
Contamination Control Implementation Plan, MDC 98H1056. A portable environmental control

system will provide temperature and air-flow control during transport to the launch site.

4.2 LAUNCH AND FLIGHT ENVIRONMENTS
The following payload launch environments, such as low- and high-frequency vibration, accel-

eration transients, shock, velocity increments, and payload status, are our best predictions as to
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the launch environments during flight. The actual data will be obtained from the launch vehicle

telemetry system for validation.

4.2.1 Fairing Internal Pressure Environment

As a Delta IV launch vehicle ascends through the atmosphere, venting occurs through the aft
section of the fairing and other leak paths in the vehicle. The expected extremes of payload fairing
internal pressure during ascent are presented in Figures 4-4, 4-5, 4-6, 4-7, 4-8, and 4-9 for the
Delta IV family of launch vehicles.

The rate of pressure decay inside the fairing is also important in establishing the payload flight
environment. The fairing internal pressure decay rate for all Delta IV launch vehicles will gener-
ally be constrained to a sustained level of 2.76 kPa/sec (0.4 psi/sec) or less with a single brief

allowable peak of up to 4.14 kPa/sec (0.6 psi/sec).

4.2.2 Thermal Environment

Prior to and during launch, the payload fairing and second stage contribute to the thermal envi-

ronment of the payload.

4.2.2.1 Payload Fairing Thermal Environment. The ascent thermal environments of the
Delta IV fairing surfaces facing the payload are shown in Figure 4-10 for the 4-m composite fair-
ings, Figure 4-11 for the 5-m composite fairings, and Figure 4-12 for the 5-m metallic fairing.
Temperatures are provided for the PLF inner acoustic blankets, unblanketed nose cap, and sepa-
ration rail sections facing the payload. All temperatures presented are maximum upper bounds
based on depressed (worst-case) versions of the trajectory and hot-day launch conditions. Cooler
days would have cooler starting temperatures.

The acoustic blankets provide a relatively cool radiation environment by effectively shielding the
payload from ascent heating in blanketed areas. This is particularly the case for the 4-m and 5-m
composite fairings, which satisfy the Commercial Space Transportation Advisory Committee
(COMSTAC) limit for maximum heat flux from the fairing to the payload of 500 W/m? by a large
margin as a result of low blanket temperatures. Delta [V 5-m metallic fairings, which cover up to

the forward end of the 15-deg nose cone, also satisfy this limit. Figures 4-10, 4-11, and 4-12 depict

the areas of the various Delta IV fairings that are typically blanketed. There may be slight variations
in blanket coverage areas based on mission requirements.

Unless otherwise requested, fairing jettison for standard Delta IV missions will occur shortly
after the 3-sigma high theoretical free molecular heating for a flat plate normal to the free stream
drops below 1135 W/m? (360 Btu/hr ft?) based on the 1962 US Standard Atmosphere. Additional
theoretical free molecular heating rates at fairing jettison (e.g., 1009 W/m? [(320 Btu/hr {t*]) can
be accommodated by the Delta IV family through coordination with Delta Launch Services.
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Figure 4-12. Inner Surface Temperature (Environments to Spacecraft),
5-m Aluminum Isogrid PLFs

4.2.2.2 On-Orbit Thermal Environment. During coast periods, the Delta IV launch vehicle
can be oriented to meet specific sun-angle requirements. A slow roll during a long coast period
can also be used to moderate orbital heating and cooling. The Delta IV roll rate for thermal con-

trol is typically 1.5 deg/sec for the 4-m second stage and 1.0 deg/sec for the 5-m second stage.

4.2.2.3 Payload/Launch Vehicle Interface. Bocing will perform a thermodynamic analy-
sis using a customer-provided payload thermal model to define payload temperatures during

ground and flight operations until payload jettison.

4.2.2.4 Stage-Induced Thermal Environments. The plume of the RL10B-2 engine does
not impinge on the payload. Hydrazine thrusters, which are used for attitude control, are located on

the equipment deck, aft of the main propellant tanks. Nozzles are pointed circumferentially and aft.

4.2.2.5 In-Flight Contamination Environments. Sources of contamination from the sec-
ond-stage propulsion system and payload fairings have been quantified for Delta II and Delta III.
Delta IV 4-m and 5-m composite PLFs are comparable to the Delta II and Delta III PLFs, with a
unique acoustic blanket configuration that virtually eliminates launch vehicle’s sources of contam-
ination to the payload. The blankets are made of Melamine foam and are attached to the fairing
with hook-and-loop fasteners. They are then covered with carbon-filled kapton face sheets, with all
seams sealed with kapton tape. The PLFs and blankets are cleaned with isopropyl alcohol. During
ascent, the blankets vent to the bottom of the PLF, away from the payload. Blanket pressures are
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kept below 827 Pad (0.12 psid) (with respect to the fairing internal pressure) to prevent debonding
of the blankets. Blanket pressure models have been verified with flight data. Outgassing from non-
metallics in the fairing is low due to the low composite fairing temperatures, which are generally
below 48.9°C (120°F). Analysis shows that deposition on the payload envelope from exposed com-
posite material and the carbon-filled sheets is less than 15A.

Delta IV second-stage attitude control systems use hydrazine (N,H,) thrusters. The second-
stage motor plumes do not expand enough to impinge on the payload envelope. For payload tem-
peratures above 93 K (—293°F), only aniline from the N,H, system plumes will deposit, but even-
tually evaporate, due to its high volatility. A collision contamination avoidance maneuver
(CCAM) is performed after the payload has moved away from the second stage, with a goal of
limiting payload contamination to less than 10 A. Analysis shows that deposition levels are typi-
cally less than 1 A.

4.2.3 Flight Dynamic Environment

The acoustic, sinusoidal, and shock environments cited herein are based on maximum flight

levels for a 95th-percentile statistical estimate.

4.2.3.1 Steady-State Acceleration. Plots of representative steady-state axial accelerations

during first-stage burn versus payload weight are shown in Figures 4-13,4-14, 4-15, 4-16, and 4-17
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Figure 4-13. Delta IV Medium Maximum Axial Steady-State Acceleration During First-Stage Burn vs.
Second-Stage Payload Weight
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Figure 4-17. Delta IV Heavy Maximum Axial Steady-State Acceleration During First-Stage Burn vs.
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for the Delta IV-M, -M+ (4,2), -M+ (5,2), -M+ (5,4), and -H vehicles, respectively. For a specific
mission, the maximum axial acceleration may be reduced with common booster core (CBC) throt-
tling, with some performance impacts. Please contact Delta Launch Services for details. Typical
steady-state axial accelerations versus space vehicle weight at second-stage burnout are shown in
Figures 4-18, 4-19, 4-20, 4-21, and 4-22 for the Delta IV-M, -M+ (4,2), -M+ (5,2), -M+ (5,4), and

-H vehicles, respectively.

4.2.3.2 Combined Loads. Dynamic excitations, occurring predominantly during liftoff and
transonic periods of Delta IV launch vehicle flights, are superimposed on steady-state accelera-
tions to produce combined accelerations that must be used in the spacecraft structural design.
The combined spacecraft accelerations are a function of launch vehicle characteristics as well as
spacecraft dynamic characteristics and mass properties. The spacecraft design limit-load factors

and corresponding fundamental frequencies are presented in Table 4-5. The design load factors

for various types of Delta IV launch vehicles are shown in Figures 4-23, 4-24, and 4-25. For
spacecraft that weigh less than that noted in Table 4-5, the quasi-static load factors may be
higher. Please contact Delta Launch Services for more information.

Customers are required to specify an accurate definition of the physical location of all points on

the payload that are within 51 mm (2.0 in.) of the identified static envelope. This information is
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Figure 4-18. Delta IV Medium Axial Steady-State Acceleration at Second-Stage Cutoff
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Figure 4-19. Delta IV Medium-Plus (4,2) Axial Steady-State Acceleration at Second-Stage Cutoff
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Figure 4-21. Delta IV Medium-Plus (5,4) Axial Steady-State Acceleration at Second-Stage Cutoff
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Figure 4-22. Delta IV Heavy Axial Steady-State Acceleration at Second-Stage Cutoff
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Table 4-5. Spacecraft Minimum Frequency and Quasi-Static Load Factors

MDC 00H0043

Static envelope requirements

Maximum lateral

Maximum axial

Overall
payload Minimum | Minimum
fairing axial lateral Minimum | Maximum | Maximum | Maximum* | Maximum
length frequency | frequency weight axial lateral axial lateral
LV type (mift) (Hz) (Hz) (kg/lb) (9) (9) (9) (9)
Delta IV Medium 11.7/38.5 27 10 907 See Figure 4-23
(2000)
Delta IV Medium-Plus 11.7/38.5 27 10 2721 See Figure 4-23
(4,2) (6000)
Delta IV Medium-Plus 14.3/47 27 10 2721 See Figure 4-24
(5,2) (6000)
Delta IV Medium-Plus 14.3/47 27 10 4989 See Figure 4-24
(5.4) (11,000)
Delta IV Heavy 19.8/62.7 30 8 6577 See Figure 4-25
(14,500)
Delta IV Heavy 22.4/73.5 30 8 6577 See Figure 4-25
Dual-Manifest (14,500)

*Current projection; lower customer axial requirements may be accommodated through coordination with Delta Launch Services.
**Combined payload weight.

0000708.7

HB01976REU0.2

Hﬁ Compression
-

LJ] (0.5, 6.5)

L0535

Axial (g)

Il
L]

{ |

-0.2)

Tension
|

L}
(0.5, -1.0)

-2.5 -2

-1.5

-0.5

0
Lateral ()

0.5 1

1.5

Figure 4-23. Delta IV Medium and Medium-Plus (4,2) Design Load Factors

2.5

4-19

@EEEINEE



Delta IV Payload Planners Guide
MDC 00H0043

HB01977REU0.3
7
Compression
6 {} { 0.5, 6.0)
5
5 3 (2.0, 2.5)
S L
x
< 2
1
r h i (1.5,-0.2) (2.0, 0.0)
-1 [} ]
(0.5, -1.0)
Tension
2 |
-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5
Lateral (g)
Figure 4-24. Delta IV Medium-Plus (5,2) and Medium-Plus (5,4) Design Load Factors
HB01978REU0.4
7
Compression |
(0.5, 6.0)
6 {} { ]
B
/J []Q&
4 / ~
— 3
C) / w’ 2.3)
2 L
< 2
1
0 {} F m (]
(1.5,-0.2) (2:0.00)
-1 { { ]
(1.0, -1.0)
Tension
2 |
-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 25
Lateral (g)

Figure 4-25. Delta IV Heavy Design Load Factors

4-20

@EHEINE*



Delta IV Payload Planners Guide
MDC 00H0043

required to verify no contact between the payload and the fairing as a result of dynamic
deflections. To prevent dynamic coupling between low-frequency launch vehicle and payload
modes, the stiffness of the payload structure should produce fundamental frequencies above the
levels stated in Table 4-5 for the corresponding launch vehicles. These frequencies are for a pay-
load hard-mounted at the separation plane without compliance from the PAF and associated sepa-
ration system accounted for or, in the case of multiple-manifested payloads, at the dispenser-to-
launch-vehicle interface. Secondary structure mode frequencies should be above 35 Hz to prevent
undesirable coupling with launch vehicle modes and/or large fairing-to-payload relative dynamic
deflections. For very flexible payloads, the combined accelerations and subsequent design load
factors could be higher than shown; users should consult the Delta Launch Services so that appro-

priate analyses can be performed to better define loading conditions.

4.2.3.3 Acoustic Environment. The maximum acoustic environment experienced by the pay-
load occurs during liftoff and transonic flight. The payload acoustic environment is a function of the
configuration of the launch vehicle, the fairing, the fairing acoustic blankets, and the payload.
Table 4-6 identifies the figures that define the payload acoustic environment for the four versions
of the Delta IV launch vehicle system. The acoustic levels are presented as one-third octave-band
sound pressure levels (dB, ref: 2 x 10~ N/m?) versus one-third octave band center frequency. These
levels apply to the blanketed section of the fairing and represent a 95th percentile space average
flight environment for a fairing with a 50% confidence prediction and a 60% payload volume fill

effect. A larger payload may increase the acoustic environments shown in Figures 4-26, 4-27,4-28,

and 4-29. Customers should contact Delta Launch Services to coordinate any payload acoustic
requirements below the levels shown.

When the size, shape, and overall dimensions of a spacecraft are defined, a mission-specific
analysis can be performed to define the specific payload’s acoustic environment. The acoustic
environment produces the dominant high-frequency random vibration responses in the payload.
Thus, a properly performed acoustic test is the best simulation of the acoustically induced random

vibration environment (see Section 4.2.4.2). No significant high-frequency random vibration

inputs at the PAF interface are generated by Delta IV launch vehicles; consequently, a Delta IV

PAF interface random vibration environment is not specified.

Table 4-6. Spacecraft Acoustic Environment Figure Reference

Space vehicle acoustic

Delta IV launch vehicle configuration Mission type Fairing configuration environment

Delta IV Medium, Medium-Plus 2-stage 4-m composite See Figure 4-26
Delta IV Medium-Plus 2-stage 5-m composite See Figure 4-27
Delta IV Heavy 2-stage 5-m composite See Figure 4-28
Delta IV Heavy 2-stage 5-m metallic See Figure 4-29

0000715.7
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Figure 4-26. Delta IV-M and Delta IV-M+ (4-m Composite Fairing) Internal Payload Acoustics Typical
95th Percentile, 50% Confidence Predictions, 60% Fill Effect Included
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Figure 4-27. Delta IV-M+ (5-m Composite Fairing) Internal Payload Acoustics Typical 95th Percentile,
50% Confidence Predictions, 60% Fill Effect Included
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Figure 4-28. Delta IV Heavy (5-m Composite Fairing) Internal Payload Acoustics Typical 95th Percentile,
50% Confidence Predictions, 60% Fill Effect Included
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Figure 4-29. Delta IV Heavy (5-m Metallic Fairing) Internal Payload Acoustics Typical 95th Percentile,
50% Confidence Predictions, 60% Fill Effect Included
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4.2.3.4 Sinusoidal Vibration Environment. The payload will experience sinusoidal vibra-
tion inputs as a result of the launch, due to numerous transients and oscillatory flight events dur-
ing ascent. The maximum predicted flight level sinusoidal vibration inputs, which are the same
for all Delta IV launch vehicle configurations, are defined in Table 4-7 at the spacecraft separa-
tion plane. These predicted sinusoidal vibration levels provide general envelope low-frequency
flight dynamic events such as liftoff transients, transonic/max-Q oscillations, main engine cutoff
(MECO) transients, pre-MECO sinusoidal oscillations, and second-stage events.

Table 4-7. Delta IV Sinusoidal Vibration Levels

Frequency
Axis (Hz) Maximum flight levels
Thrust 5t06.2 1.27 cm (0.5 in.) double amplitude
6.2 to 100 1.0 g (zero to peak)
Lateral 5to 100 0.7 g (zero to peak)

0000589.2

The sinusoidal vibration levels in Table 4-7 are not intended for use in the design of spacecraft
primary structure. Load factors for spacecraft primary structure design are specified in Table 4-5.

The sinusoidal vibration levels should be used in conjunction with the results of the coupled
dynamic loads analysis to aid in the design of spacecraft secondary structure (e.g., solar arrays,
antennae, appendages) that may experience dynamic loading due to coupling with Delta IV
launch vehicle low-frequency dynamic oscillations. Notching of the sinusoidal vibration input
levels at spacecraft fundamental frequencies may be required during testing and should be based

on the results of the launch vehicle coupled dynamic loads analysis (see Section 4.2.4.3).

4.2.3.5 Shock Environment. The maximum shock environment typically occurs during
spacecraft separation from the Delta IV launch vehicle and is a function of the separation system
configuration. The customer has the option to provide their own separation system. High-fre-
quency shock levels at the payload/launch vehicle interface due to other shock events, such as
first- and second-stage separation and fairing separation, are typically exceeded by spacecraft sep-
aration shock environment.

The data provided are intended to aid in the design of spacecraft components and secondary
structures that may be sensitive to high-frequency pyrotechnic shock. Typical of this type of
shock, the level dissipates rapidly with distance and the number of joints between the shock
source and the component of interest. A properly performed system-level shock test is the best

simulation of the high-frequency pyrotechnic shock environment (Section 4.2.4.4)

4.2.3.5.1 Payload Attach Fitting Shock Environments. For customer-supplied sepa-
ration system interface, the maximum allowable payload-induced shock that the launch vehicle

can withstand is shown in Figure 4-30 for all launch vehicle configurations.
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Figure 4-30. Maximum Payload-Induced Shock Level to Launch Vehicle (95th Percentile, 50% Confidence)

Table 4-8 identifies the figures that define the launch-vehicle-induced PAF interface shocks
for all available Delta IV PAF configurations. The interface shock levels represents a 95th per-
centile environment with a 50% confidence prediction (P95/50) for all launch-vehicle-induced
shock events. Users should contact Delta Launch Services to coordinate any payload shock

requirements below the levels shown in Figures 4-31, 4-32,4-33, and 4-34.

4.2.4 Spacecraft Qualification and Acceptance Testing

Outlined here are a series of environmental system-level qualification, acceptance, and proto-
flight tests for spacecraft launched on Delta IV launch vehicles. All of the tests and subordinate

requirements in this section are recommendations, not requirements, except for Section 4.2.4.1,
Structural Load Testing. If the spacecraft primary structural capability is to be demonstrated by
test, this section becomes a requirement. If the spacecraft primary structural capability is to be

demonstrated by analysis (minimum factors of 1.6 on yield and 2.0 on ultimate), Section 4.2.4.1

is only a recommendation. These tests are generalized to encompass numerous payload

Table 4-8. PAF Interface Shock Environment Figure Reference

Payload attach fitting Interface type Payload attach fitting interface environment

1194-4, -5 1194-mm (47-in.) dia clampband See Figure 4-31
31-kN (7000-Ib) preload

1575-4, -5 Bolted interface See Figure 4-32

1666-4, -5 1666-mm (66-in.) dia clampband See Figure 4-33
31-kN (7000-Ib) preload

4394-5 Bolted interface See Figure 4-34
4-25
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Figure 4-31. Launch-Vehicle-Induced Payload Interface Shock Environment (95th Percentile, 50%
Confidence)—1194-4, -5 Payload Attach Fittings
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Figure 4-33. Launch-Vehicle-Induced Payload Interface Shock Environment (95th Percentile, 50%

Confidence)—1666-4, -5 Payload Attach Fittings
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configurations. For this reason, managers of each payload project should critically evaluate its
specific requirements and develop detailed, tailored test specifications. Coordination with Delta
Launch Services during the development of spacecraft test specifications is encouraged to
ensure the adequacy of the spacecraft test approach.

The qualification test levels presented in this section are intended to ensure that the spacecraft
possesses adequate design margin to withstand the maximum expected Delta IV dynamic envi-
ronmental loads, even with minor weight and design variations. The acceptance test levels are
intended to verify adequate spacecraft manufacture and workmanship by subjecting the payload
to maximum expected flight environments. The protoflight test approach is intended to combine
verification of design margin and adequacy of spacecraft manufacture and workmanship by sub-
jecting the payload to protoflight test levels that are equal to qualification test levels with reduced

durations.

4.2.4.1 Structural Load Testing. Structural load testing is performed by the customer to
demonstrate the design integrity of the primary structure of the spacecraft. These loads are
based on worst-case conditions anticipated. Maximum flight loads will be increased by a factor
of 1.25 to determine qualification test loads.

A test PAF is required to provide proper load distribution at the payload interface. The payload
user shall consult Delta Launch Services before developing the structural load test plan and shall
obtain concurrence for the test load magnitude to ensure that the PAF is not stressed beyond its
load-carrying capability.

Spacecraft combined-loading qualification testing is accomplished by a static load test. Gener-

ally, static load tests can be readily performed on structures with easily defined load paths.

4.2.4.2 Acoustic Testing. The maximum flight level acoustic environments defined in

Section 4.2.3.3 are increased by 3 dB for spacecraft acoustic qualification and protoflight test-

ing. The acoustic test duration is 120 sec for qualification testing and 60 sec for protoflight test-
ing. For spacecraft acoustic acceptance testing, the acoustic test levels are equal to the

maximum flight level acoustic environments defined in Section 4.2.3.3. The acoustic accep-

tance test duration is 60 sec. The acoustic qualification, acceptance, and protoflight test levels

for the Delta IV launch vehicle configurations are defined in Table 4-9.

The acoustic test tolerances are +4 dB and -2 dB from 50 Hz to 2000 Hz. Above and below these
frequencies the acoustic test levels should be maintained as close to the nominal test levels as pos-
sible within the limitations of the test facility. The overall sound pressure level (OASPL) should be
maintained within +3 dB and -1 dB of the nominal overall test level. Customers should contact
Delta Launch Services to coordinate any spacecraft acoustic requirements below the test levels pro-
vided in Table 4-9.
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Acceptance levels

Protoflight and qualification levels

Delta IV-H | Delta IV-H Delta IV-H | Delta IV-H
One-third Delta IV-M/- isogrid composite |Delta IV-M/-|DeltalV-M+ | isogrid composite
octave-band | M+ 4-m PLF |Delta IV-M+ 5-| PLF 5-m PLF 5-m M+ 4-m 5-m PLF PLF 5-m PLF 5-m
center freq (Hz) (dB) m PLF (dB) (dB) (dB) PLF (dB) (dB) (dB) (dB)
31.5 119.5 123.0 129.0 123.5 122.5 126.0 132.0 126.5
40 122.5 126.0 130.5 127.5 125.5 129.0 133.5 130.5
50 125.2 128.0 131.0 130.0 128.2 131.0 134.0 133.0
63 126.3 130.0 132.0 131.5 129.3 133.0 135.0 134.5
80 128.0 130.5 132.5 132.5 131.0 133.5 135.5 135.5
100 129.0 130.5 133.0 133.0 132.0 133.5 136.0 136.0
125 130.0 130.5 133.0 133.0 133.0 133.5 136.0 136.0
160 130.0 130.5 132.7 133.0 133.0 133.5 135.7 136.0
200 130.0 130.5 131.8 133.0 133.0 133.5 134.8 136.0
250 130.0 130.5 131.0 133.0 133.0 133.5 134.0 136.0
315 130.0 130.2 130.2 133.0 133.0 133.2 133.2 136.0
400 129.5 128.0 128.8 131.0 132.5 131.0 131.8 134.0
500 128.0 125.5 127.5 129.0 131.0 128.5 130.5 132.0
630 125.0 123.0 126.2 126.5 128.0 126.0 129.2 129.5
800 123.0 121.0 124.3 124.5 126.0 124.0 127.3 127.5
1000 121.0 119.5 122.5 122.5 124.0 122.5 125.5 125.5
1250 119.5 118.0 120.7 120.7 122.5 121.0 123.7 123.7
1600 118.0 116.5 118.3 118.3 121.0 119.5 121.3 121.3
2000 116.5 115.0 116.5 116.5 119.5 118.0 119.5 119.5
2500 115.0 113.5 115.0 115.0 118.0 116.5 118.0 118.0
3150 113.5 112.0 113.0 113.0 116.5 115.0 116.0 116.0
4000 112.0 110.0 111.5 111.5 115.0 113.0 114.5 114.5
5000 110.5 108.5 109.5 109.5 113.5 111.5 112.5 112.5
6300 109.0 106.5 107.5 107.5 112.0 109.5 110.5 110.5
8000 107.5 105.0 106.0 106.0 110.5 108.0 109.0 109.0
10000 106.0 103.0 104.0 104.0 109.0 106.0 107.0 107.0
OASPL (dB) 140.0 140.6 142.7 143.1 143.0 143.6 145.7 146.1
Acceptance test 60 sec 60 sec 60 sec 60 sec - - --- -
duration
Protoflight test - - - - 60 sec 60 sec 60 sec 60 sec
duration
Qualification test - - --- - 120 sec 120 sec 120 sec 120 sec
duration

001950.4

4.2.4.3 Sinusoidal Vibration Testing. The maximum flight level sinusoidal vibration

environments defined in Section 4.2.3.4 are increased by 3 dB (a factor of 1.4) for payload

qualification and protoflight testing. For payload acceptance testing, the sinusoidal vibration

test levels are equal to the maximum flight level sinusoidal vibration environments defined in

Section 4.2.3.4. The sinusoidal vibration test levels at acceptance, protoflight, and qualification

for all Delta IV launch vehicle configurations are defined in Tables 4-10, 4-11, and 4-12 at the

spacecraft separation plane.

The spacecraft sinusoidal vibration qualification test consists of one sweep through the speci-

fied frequency range using a logarithmic sweep rate of 2 octaves per min. For spacecraft accep-

tance and protoflight testing, the test consists of one sweep through the specified frequency range
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Table 4-10. Sinusoidal Vibration Acceptance Test Levels

Frequency
Axis (Hz) Acceptance test levels Sweep rate

Thrust 5t06.2 1.27 cm (0.5 in.) double amplitude 4 octaves/min

6.2 to 100 1.0 g (zero to peak)
Lateral 510 100 0.7 g (zero to peak) 4 octaves/min

0000593.1
Table 4-11. Sinusoidal Vibration Protoflight Test Levels

Frequency
Axis (Hz) Acceptance test levels Sweep rate
Thrust 5t07.4 1.27 cm (0.5 in.) double amplitude 4 octaves/min

7.4 to 100 1.4 g (zero to peak)
Lateral 5t06.2 1.27 cm (0.5 in) double amplitude 4 octaves/min

6.2 to 100 1.0 g (zero to peak)

0000594.2
Table 4-12. Sinusoidal Vibration Qualification Test Levels
Frequency
Axis (Hz) Acceptance test levels Sweep rate
Thrust 5t07.4 1.27 cm (0.5 in.) double amplitude 2 octaves/min
7.4 to 100 1.4 g (zero to peak)
Lateral 5t06.2 1.27 cm (0.5 in) double amplitude 2 octaves/min
6.2 to 100 1.0 g (zero to peak)

0000592.2

using a logarithmic sweep rate of 4 octaves per min. The sinusoidal vibration test input levels
should be maintained within +£10% of the nominal test levels throughout the test frequency range.

When testing a spacecraft with a shaker in the laboratory, it is not within the current state of the
art to duplicate at the shaker input the boundary conditions that actually occur in flight. This is
notably evident in the spacecraft lateral axis, during test, when the shaker applies large vibratory
forces to maintain a constant acceleration input level at the spacecraft fundamental lateral test fre-
quencies. The response levels experienced by the spacecraft at these fundamental frequencies dur-
ing test are usually much more severe than those experienced in flight. The significant lateral
loading to the spacecraft during flight is usually governed by the effects of payload/launch vehicle
dynamic coupling.

Where it can be shown by a payload/launch vehicle coupled dynamic loads analysis that the
payload or PAF would experience unrealistic response levels during test, the sinusoidal vibration
input level can be reduced (notched) at the fundamental resonances of the hard-mounted payload
or PAF to more realistically simulate flight loading conditions. This has been accomplished in the
lateral axis on many previous spacecraft by correlating one or several accelerometers mounted on
the spacecraft to the bending moment at the PAF spacecraft separation plane. The bending
moment is then limited by introducing a narrow-band notch into the sinusoidal vibration input

program or by controlling the input by a servo system using a selected accelerometer on the
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payload as the limiting monitor. A redundant accelerometer is usually used as a backup monitor
to prevent shaker runaway.

Boeing normally will conduct a payload/launch vehicle coupled dynamic loads analysis for
various spacecraft configurations to define the maximum expected bending moment in flight at
the spacecraft separation plane. In the absence of a specific dynamic analysis, the bending
moment is limited to protect the PAF, which is designed for a wide range of payload configura-
tions and weights. The payload user should consult Delta Launch Services before developing the
sinusoidal vibration test plan for information on the payload/launch vehicle coupled dynamic
loads analysis. In many cases, the notched sinusoidal vibration test levels are established from

previous similar analyses.

4.2.4.4 Shock Testing. High-frequency pyrotechnic shock levels are very difficult to simulate
mechanically on a shaker at the spacecraft system level. The most direct method for this testing is
to use a Delta IV flight configuration PAF spacecraft separation system and PAF structure with
functional ordnance devices. Payload qualification and protoflight shock testing are performed by
installing the in-flight configuration of the PAF spacecraft separation system and activating the
system twice. Spacecraft shock acceptance testing is similarly performed by activating the PAF

spacecraft separation system once.

4.2.5 Dynamic Analysis Criteria and Balance Requirements

Typical payload separation attitude and rate dispersions are shown in Table 4-13. Dispersions
are defined for each vehicle configuration and consist of all known error sources. Dispersions are
affected by spacecraft mass properties and center of gravity (CG) offsets. Mission-specific atti-

tude and rate dispersions are defined in the payload/expended stage separation analysis.

4.2.5.1 Two-Stage Missions. Two-stage missions use the capability of the second stage to

provide terminal velocity, roll, final spacecraft orientation, and separation.

4.2.5.1.1 Balance Requirements. There are no specific static and dynamic balance con-
straints for the spacecraft. However, for both nonspinning and spinning spacecraft, the static
Table 4-13. Typical Payload Separation Attitudes/Rates

Payload separation attitude and rate
dispersions (3-c values)
Configuration Spinning PAF Attitude (deg) Rate (dps)
Two stage No 1194-5 <0.70 <2.0 (trans), <1.0 (roll)
1194-4
1575-4
1664-4
1664-5
1666-4
1666-5
Up to 5 rpm (21 deg/sec) 1194-4 <10.0 <3.0 (transverse)

Note: Enhanced attitude pointing capability for spinning missions is currently under study with a goal of achieving attitude pointing
errors less than 1.75 deg.
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imbalance directly influences the spacecraft angular rates at separation. When there is a separa-
tion tip-off rate constraint, the spacecraft cg offset must be coordinated with Boeing for evalua-
tion. For spinning spacecraft, the dynamic balance directly influences the angular momentum
vector pointing and centerline pointing. When there are spacecraft constraints on these parame-

ters, the dynamic balance must be coordinated with Boeing for evaluation.

4.2.5.1.2 Second-Stage Roll Rate Capability. For some two-stage missions, the space-
craft may require a roll rate at separation. The Delta IV second stage can command roll rates up to
5 rpm (0.52 rad/sec) using control jets. Higher roll rates are also possible; however, accuracy is
degraded as the rate increases. Roll rates higher than 5 rpm (0.52 rad/sec) must be assessed rela-

tive to specific spacecraft requirements.
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Section 5
PAYLOAD INTERFACES

This section presents detailed descriptions of the interfaces between the payload and the Delta
IV launch vehicle family. Our Delta IV payload interfaces are designed to meet present and future
demands of the global satellite market. The Boeing Company uses a heritage design approach for
its payload attach fittings (PAFs). Unique interface requirements can be accommodated by modi-
fying existing designs as required. In addition, multiple-payload dispenser systems are also avail-
able. For further details, coordinate with Delta Launch Services (DLS).

5.1 HERITAGE DESIGN PHILOSOPHY
Delta IV payload attach fittings are based on heritage designs that have been developed and

qualified by Boeing. This approach offers several advantages, primarily in reducing development

time and costs for new attach fittings.

5.1.1 Structural Design

The Delta IV PAFs utilize a structural design developed and successfully qualified on the heri-
tage Delta programs. This design has evolved from a demand for a lighter weight structure with
minimal part count. Some of the key features:

m A high-modulus graphite-epoxy/foam core sandwich construction for the conic shell.

m One-piece aluminum rings at each end for interfaces to the second stage and payload.

m Efficient double-splice lap joints to join end rings to the conic shell.

m A high-modulus graphite-epoxy/foam core sandwich diaphragm structure that provides a bar-
rier to the second stage.

This design is easily adapted to accommodate different interface diameters and payload sizes
simply by extending or reducing the conic shell and sizing the sandwich structure and end-ring
design. As a result, much of the secondary structure developed for one PAF is readily adaptable to
another.

The PAF for the evolved expendable launch vehicle (EELV) 5-m metallic-fairing missions
adopts a different heritage design. This PAF makes use of a heritage truss structure design devel-
oped and flown by Boeing Space Structures in Kent, Washington. The design’s extensive use of
advanced composite materials, lightweight materials, and bonded structures fits well with the key

objectives for this particular PAF.

5.1.2 Mechanical Design

Boeing has extensive flight experience with both Marmon-type clampband and discrete bolted
interface separation systems. Delta II and Delta III have developed and flown Marmon-type
clampbands over a broad range of diameters: 229 mm (9 in.) to 1666 mm (66 in.). In addition,
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Delta II has successfully employed a separation bolt with release-nut system on various missions.
For each type of interface, redundant pyrotechnic devices enable spacecraft separation from the
Delta IV PAF. Separation is achieved through the actuation of separation springs; locations and

quantities of these springs can be tailored to suit each customer’s needs.

5.2 DELTA IV PAYLOAD ATTACH FITTINGS

The Delta IV program offers several PAFs for use with 4-m and 5-m payload fairings, as shown
in Figures 5-1 and 5-2, respectively. Each PAF is designated by its payload interface diameter in
millimeters, followed by a dash and the corresponding fairing diameter in meters. (The associated

payload envelopes for the following PAFs are shown in Section 3, Figures 3-2, 3-3, 3-4, 3-5, 3-9,

HB01628REUO0.1

Delta IV | 237 dia 937 jia Two calibrated spacers to verify clampband preload. Four
937-4 ‘ ‘ (37) (37) matched spring or differential spring actuators to provide
PAF clampband different tip-off rate. Retention system prevents clampband
recontact
Delta IV 1194 40 1194 5ia Two calibrated spacers to verify clampband preload. Four
1194-4 ‘ (47) (47) matched spring or differential spring actuators to provide
PAF clampband different tip-off rate. Retention system prevents clampband
recontact
Delta IV . 1575dia .