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PREFACE

This Delta II Payload Planners Guide (PPG) is issued to the spacecraft user community to pro-
vide information about the Delta II family of launch vehicles and their related systems and launch
services.

This document contains current information on Boeing plans for Delta II launch services in
addition to current projections related to the Delta launch vehicle specifications. Included are
Delta II family vehicle descriptions, target vehicle performance figures, payload envelopes, antic-
ipated spacecraft environments, mechanical and electrical interfaces, payload processing, and
other related information of interest to our potential customers.

As new development in the Delta II 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 ampli-
fication 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 II Payload Planners Guide should be directed to:
Delta Launch Services Customer Program Development
Phone: (714) 896-5195
Fax: (714) 372-0886
E-mail: deltalaunchservices@boeing.com
Mailing address:
Delta Launch Services
c/o The Boeing Company
5301 Bolsa Avenue
Huntington Beach, CA 92647-2099
U.S.A.
Attn: HO14-C426

Visit Delta Launch Services at our 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 guide describes the Delta II launch system including its background, heritage, and perfor-
mance capabilities. Additionally, launch facilities and operations are discussed, as is the payload
environment during ascent. Documentation and procedural requirements associated with prepar-
ing and conducting the launch are also defined herein.

The Delta II design evolved from our reliable Delta launch vehicle, developed to provide the
international user community with an efficient, low-cost launch system. In four decades of use,
Delta launch vehicle success stems from its evolutionary design, which has been steadily
upgraded to meet the needs of the user community while maintaining a high reliability record.

The Boeing Company operates two launch sites within the continental U.S.—Eastern Range
(ER) in Florida and Western Range (WR) in California. The Space Launch Complex (SLC) of the
ER is located at Cape Canaveral Air Force Station (CCAFS) and consists of two launch pads, des-
ignated SLC-17A and SLC-17B. Maintenance, mission modifications, and launch preparation
may be conducted at one pad without impacting operations at the other. This arrangement enables
Boeing to provide launch-period flexibility, minimizing risk to customers’ schedules. The SLC-2
in the WR is located at Vandenberg Air Force Base (VAFB) and is typically used for missions
requiring high-inclination orbits, while SLC-17 is used for low- to medium-inclination orbits.
Both launch complexes are open to commercial and government customers and have been regu-
larly upgraded to meet the increasingly rigorous requirements of the space community.

As a commercial launch services provider, Boeing acts as the coordinating agent for the cus-
tomer to interface with the United States Air Force (USAF), National Aeronautics and Space
Administration (NASA), Federal Aviation Administration (FAA), and any other relevant agency
when commercial or government facilities are engaged for payload processing. Commercial
agreements with the USAF and NASA make available to Boeing the use of the launch facilities
and services in support of Delta II launch services.

During the first quarter of 1999, the transition from 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, establish a single point of contact,
and increase responsiveness. DLS offers full-service launch solutions using the Delta II, Delta III,
and Delta IV family of launch vehicles. The customer is supported by an integrated 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 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
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through the DLS organization that dedicated points of contacts are assigned to customers to
ensure that all the launch service needs are coordinated with the appropriate DLS sales, market-
ing, contracts, and technical personnel.

Delta Launch Services and the Delta II program work together to ensure that high-level techni-
cal customer requirements are fully coordinated. The Delta II program is responsible for the
development, production, integration, test, mission integration, and launch of the Delta II system.

For contracted launch services, a dedicated mission integration manager is appointed from
within the Delta II program to support the customer. The mission integration manager works with
DLS early in the process to define customer mission requirements and the appropriate launch
solution and then transitions to provide the day-to-day mission integration support necessary to
successfully satisfy the customer’s launch requirements. The mission integration manager sup-
ports the customer’s mission from before contract award through launch and postflight analysis.

The Delta team addresses each customer’s specific concerns and requirements, employing a
meticulous, systematic, user-specific process that addresses advance mission planning and analysis
of payload design; coordination of systems interface between payloads and Delta II; processing 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

postflight analysis.
HB00739REU0.1
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Vice President and
General Manager
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Figure 1. Delta Launch Services Organizational Relationships
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The Delta team works closely with its customers to define optimum performance for mission
payload(s). In many cases, we can provide innovative performance trades to augment the perfor-
mance shown in Section 2. Our Delta team also has extensive experience in supporting customers
around the world. This 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 service provider.
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Section 1
LAUNCH VEHICLE DESCRIPTIONS

This section provides an overall description of the Delta II launch vehicle and its major compo-

nents. In addition, the Delta vehicle designations are explained in Table 1-1.

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

Douglas Aircraft Missiles and Space Systems), was the prime contractor. Boeing developed an

interim space launch vehicle using a modified Thor 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 1Ib) to
geosynchronous transfer orbit (GTO) and 181 kg (400 Ib) to low-Earth orbit (LEO). The Boeing

commitment to vehicle improvement to meet customer needs led to the Delta family of launch

vehicles, with a wide range of increasing capability to GTO (Figure 1-1).
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The Boeing commitment to continuous HB00741REU0.2
improvement in meeting customer needs is
evident in the many configurations devel-
oped to date. Delta II has provided custom-

ers with a demonstrated world-class success

(24,000 1b)

rate of 97.8%, and processing times on the
launch pad have been reduced from 40 to
24 days. The Delta III launch vehicle con-

tinues the Boeing tradition of Delta growth

by providing a GTO capability of 3810 kg

(8400 Ib) and a LEO capability of 8292 kg

(18,280 1b). The Delta IV launch system is | s
a continuation of this 40-year evolution, s - {

()

with even more capability. By incorporat- . @ 907kg

. . 226 kg | (2000 Ib)
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. . / [ | :
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at a lower cost with greater reliability and \24
operability (Figure 1-2) for Medium- to N, 68
Heavy-class payloads. Boeing is committed r ‘
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to working with our customers to satisty

Figure 1-2. Performance and Operability of the

payload requirements while providing the Delta Family

best value for launch services across the

entire Delta fleet.

1.2 DELTA 1l LAUNCH VEHICLE DESCRIPTION

The major elements of the Delta II launch vehicle are the first stage with its graphite-
epoxy motor (GEM) solid strap-on rocket motors, the second stage, an optional third stage
with spin table, and the payload fairing (PLF). The vehicle’s design robustness has made
available a number of configurations suiting customers’ needs while optimizing performance
(Figure 1-3).

The Delta II launch vehicle series are the 7300, 7400, and 7900; a four-digit system is used to
identify various Delta II configurations (Table 1-1). The three-stage 7925 and the two-stage
7920-10 vehicles shown in Figures 1-4 and 1-5 are representatives of the Delta II family series.
We have recently developed a new “Heavy” configuration by employing larger diameter GEM
solid strap-on rocket motors in the 7900-series vehicle to further improve the performance capa-

bility of Delta II. This new configuration is designated as 7920H.
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Figure 1-3. Some Typical Configurations of the Delta Il Launch Vehicle with Optional Third Stage
1.2.1 First Stage
The first-stage subassemblies include the RS-27A engine section, liquid oxygen (LO,) tank,

centerbody, fuel tank, and the interstage.

The Rocketdyne RS-27A main engine has a 12:1 expansion ratio and employs a turbine/turbopump
and a regeneratively cooled thrust chamber and nozzle. The thrust chamber and nozzle are hydrau-
lically gimbaled to provide pitch and yaw control. Two Rocketdyne vernier engines provide roll con-
trol during main-engine burn and attitude control between main-engine cutoff (MECO) and second-
stage separation.

The 792X vehicle configuration includes nine Alliant solid rocket GEMs to augment
first-stage performance. Six of these GEMs are ignited at liftoff; the remaining three
GEMs with extended nozzles are ignited in flight after burnout of the first six. Ordnance
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Table 1-1. Delta Four-Digit Designation

Digit Indicates Examples

1st | Type of first-stage engine and 7 |RS-27A engine (12:1 nozzle ratio); solid rocket GEM by Alliant Tech.
solid rocket motors

Nine solid rocket motors
Four solid rocket motors

2nd |Number of solid rocket motors 9
4
3 Three solid rocket motors
2
0

3rd | Type of second stage Aerojet AJ10-118K engine

No third stage

OH [No third stage; Heavy configuration with GEM-46 solid rocket motor

5 |Star-48B solid motor

5H |Star-48B solid motor; Heavy configuration with GEM-46 solid rocket motor
6 |Star-37 FM solid motor

Dash |Type of fairing None |2.9-m (9.5-ft)-dia x 8.5-m (27.8-ft)-long fairing
no. -10 |3.0-m (10-ft)-dia x 8.9-m (29.1-ft)-long fairing
-10L |3.0-m (10-ft)-dia x 9.2-m (30.4-ft)-long fairing

Example: Delta 7925-10
Digit Indicates

4th | Type of third stage

7 RS-27A engine (12:1 nozzle ratio) for first stage augmented by solid rocket GEM

9 Nine GEM strap-on solid rocket motors
2 Aerojet AJ10-118K engine for second stage
5 Star-48B third stage

-10 [3.0-m (10-ft)-dia x 8.9-m (29.1-ft)-long fairing

002167.5
for the motor ignition and separation systems is fully redundant. The 732X and 742X
vehicles include either three or four GEMs, all of which are ignited at liftoff.

In addition to the standard 40-in.-dia GEM that is flown on the Delta II 732X, 742X,
and 792X vehicle configurations, the heavier GEM-46 previously flown on Delta III is
made available in a Heavy configuration designated 792XH. The GEM-46 has a 46-in.
core dia and burns approximately 14 sec longer than the standard GEM-40. Both types of
GEMs are flown with a fixed nozzle that is canted outboard from the vehicle centerline at
10 deg.

The LO, tank, fuel tank, and interstage are constructed of aluminum isogrid shells and alumi-
num tank domes. The centerbody between the fuel tank and LO, tank houses the first-stage elec-
tronic components on hinged panels for easy checkout access and maintainability.

The interstage, located between the first stage and second stage, carries the loads from the sec-
ond stage and fairing to the first stage. The interstage provides clearance for the second-stage
engine nozzle and contains range safety antennas, exhaust vent for fairing cavity, and six guided-

spring actuators to separate the second stage from the first stage.

1.2.2 Second Stage
The second stage is powered by the proven Aerojet AJ10-118K engine and includes fuel and

oxidizer tanks that are separated by a common bulkhead. The simple, reliable start and restart
operation requires only the actuation of a bipropellant valve to release the pressure-fed hypergolic

propellants, with no need for a turbopump or an ignition system. Typical two- and three-stage
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Figure 1-4. Delta 7925 Launch Vehicle
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missions use two second-stage starts, but the restart capability has been used as many as six times
on a single mission, for a total of seven burns. During powered flight, the second-stage hydraulic
system gimbals the engine for pitch and yaw control. A redundant attitude control system (RACS)
using nitrogen gas provides roll control. The RACS also provides pitch, yaw, and roll control dur-
ing unpowered flight. The guidance system is installed in the forward section of the second stage.
The payload attach fitting (PAF) provides the interface between the second stage and the space-

craft for two-stage missions.

1.2.3 Third Stage

The Delta II series of launch vehicles offers two optional spin-stabilized third-stage motors.
Depending on payload requirements, either a Star-37FM or Star-48B solid-rocket motor (SRM)
can be used. These flight-proven motors are produced by the Thiokol Corporation. A spin table,
containing small rockets, mounts the third stage to the second stage and is used to spin up the third
stage prior to separation. The third-stage payload attach fitting mates the third stage with the
spacecraft; this stage can be flown with or without a nutation control system (NCS).

Our flight-proven NCS maintains orientation of the spin axis of the SRM/spacecraft during
third-stage flight until just prior to spacecraft separation. The NCS uses monopropellant hydra-
zine that is prepressurized with helium. This simple system has inherent reliability with only one
functioning component and a leak-free design.

An ordnance sequence system is used to release the third stage after spin-up, to fire the motor,
and to separate the spacecraft following motor burn. To preclude recontact between the spacecraft
and the third stage due to motor residual thrust, a yo-weight system is used to tumble the third stage
after spacecraft separation. If a lower spin rate is desired, the third stage can be equipped with a yo-
yo weight system to despin prior to spacecraft separation. In this case, recontact is prevented by
increasing the ordnance sequence time between motor ignition and spacecraft separation, allowing

for sufficient residual thrust decay.

Star-48B SRM. The Star-48B motor has a diameter of 1244.6mm (49.0 in.) and an overall
length of 2032.0 mm (80.0 in.) including an extended nozzle. The motor has two integral flanges,
the lower for attachment to the third-stage spin table and the upper for attachment to the 3712
PAF. The motor consists of a carbon-phenolic exit cone, 6AL-4V titanium high-strength motor
case, silica-filled rubber insulation system, and a propellant system using high-energy TP-H-3340

ammonium perchlorate and aluminum with an HTPB binder.

The Star-48B motor is available in propellant off-loaded configurations. The motor is currently
qualified for propellant weights ranging from 2010 kg (4430 1b) to 1739 kg (3833 1b) in the maxi-
mum off-loaded condition. The amount of off-load is a function of spacecraft weight and the

velocity requirements of the mission.
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Star-37FM SRM. The Star-37FM motor has a diameter of 934.7 mm (36.8 in.) and an overall
length of 1689.1 mm (66.5) in.) including an extended nozzle. The motor has two integral flanges,
the lower for attachment to the third-stage spin table conical motor adapter and the upper for
attachment to the 3724C PAF. The motor consists of a carbon-phenolic exit cone, 6AL-4V tita-
nium high-strength motor case, silica-filled rubber insulation system, and a propellant system
using high-energy TP-H-3340 ammonium perchlorate and aluminum with an HTPB binder.

The Star-37FM motor is also available in propellant off-loaded configurations. The motor is
currently qualified for propellant weights ranging from 1066 kg (2350 Ib) to 1025 kg (2260 Ib) in
the maximum off-loaded condition. The amount of off-load is a function of spacecraft weight and

the velocity requirements of the mission.

1.2.4 Payload Attach Fittings

The spacecraft interfaces with the launch vehicle by means of a payload attach fitting. The
Delta II launch system offers a wide selection of standard and modifiable PAFs to accommodate
customer needs. The customer has the option to provide the payload separation system and
interface directly to a PAF provided by Boeing, or Boeing can supply the separation system. Pay-
load separation systems typically incorporated on the PAFs include clampband separation or
explosive attach-bolt systems as required. PAFs and separation systems are discussed in greater

detail in Section 5.

1.2.5 Dual- and Multiple-Manifest Capability

The Delta II dual-manifest system provides significant cost reduction with payload autonomy
similar to a dedicated launch, via the use of a newly developed dual-payload attach fitting
(DPAF). This approach enables the launch of two spacecraft, each up to 2257 kg (4975 Ib) to
LEO in a 7920-10 vehicle configuration. Both spacecraft are fully encapsulated on standard PAF
separation interfaces within independent payload bays. Standard access doors are provided for
each payload. The DPAF is discussed in more detail in Section 5.

Multiple-manifest is accommodated by using a dispenser that provides the interface between
the launch vehicle and the payloads, while supporting spacecraft deployment in orbit as well.
Depending on customer requirements, Boeing currently offers two designs of dispensers that have

been flight proven with a 100% success rate.

1.2.6 Payload Fairings (PLF)
The Delta II launch vehicle offers the user a choice of three fairings: a 2.9-m (9.5-ft)-dia skin-

and-stringer center section fairing (bisector) and two sizes of 3-m (10-ft)-dia (bisector) compos-
ite fairings with different lengths. Each of these fairings (Figure 1-6) can be used on either two-
stage or three-stage missions. The 2.9-m (9.5-ft) and standard-length 3.0-m (10-ft) fairings have

been flight proven over many years. The new stretched-length 3.0-m (10-ft) composite fairing,
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Figure 1-6. Delta Il Payload Fairings

Pursuant to U.S. Department of State direction, this document is not 1 9
authorized for release to prohibited destinations identified in Section 126.1 -
of the International Traffic in Arms Regulations.

If you are unsure if a destination is identified as prohibited or would like a

listing of all prohibited destinations, please contact Delta Launch Services.

@EBEIIVE“’



Delta Il Payload Planners Guide
MDC 00H0016

designated 10L, was developed to offer more payload volume. The stretched 3-m (10-ft)-dia
composite fairing has a reshaped nose cone and a cylindrical section 0.91 m (3 ft) longer than the
standard 3-m (10-ft) version.

The fairings incorporate interior acoustic absorption blankets as well as flight-proven contami-
nation-free separation joints. The Boeing Company supplies mission-specific modifications to the
fairings as required by the customer. These include access doors, additional acoustic blankets, and

RF windows. Fairings are discussed in greater detail in Section 3.

1.2.7 Guidance, Control, and Navigation System

Since 1995, the Delta II launch system has used a modernized avionics suite with single-fault-tol-
erant guidance system, including the redundant inertial flight control assembly (RIFCA) with its inte-
grated software design. RIFCA uses six RL20 ring laser gyros built by L-3 Communications and six
Honeywell model QA3000 accelerometers to provide redundant three-axis rate and acceleration data.
In addition to RIFCA, both the first- and second-stage avionics include a power and control (P&C)
box to support power distribution, an ordnance box to issue ordnance commands, an electronics
package (E-pack) that interfaces with RIFCA through the P&C box to control the vehicle attitude,
and a pulse code modulated (PCM) telemetry system that provides vehicle system performance data.

The RIFCA contains the basic control logic that processes rate and accelerometer data to form
the proportional and discrete control output commands needed to drive the control actuators and
cold gas jet control thrusters; the RIFCA sequences the remainder of the vehicle commands using
on-board timing.

Position and velocity data are explicitly computed to derive guidance steering commands. Early
in flight, a load relief guidance mode turns the vehicle into the wind to reduce the angle of attack,
thus relieving structural loads and increasing control ability. After dynamic pressure decay, the
guidance system corrects trajectory dispersions caused by load relief and directs the vehicle to the
nominal end-of-stage orbit. Space vehicle separation in the desired transfer orbit is accomplished

by applying time adjustments to the nominal sequence.

1.3 VEHICLE AXES/ATTITUDE DEFINITIONS
The vehicle axes are defined in Figure 1-7. The vehicle centerline is the vehicle longitudinal

axis. Axis II is on the downrange side of the vehicle, and axis IV is on the uprange side. The vehi-
cle pitches about axes I/IIl. Positive pitch rotates the nose of the vehicle up, toward axis IV. The
vehicle yaws about axes II/IV. Positive yaw rotates the vehicle’s nose to the right, toward axis 1.
The vehicle rolls about the centerline. Positive roll is clockwise rotation, looking forward (i.e.,
from axis I toward II). The third-stage spin table also spins in the same direction (i.e., the positive

roll direction).
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Figure 1-7. Vehicle Axes

1.4 LAUNCH VEHICLE INSIGNIA

Delta II users may request a mission-specific insignia to be placed on their launch vehicles. The
user is invited to submit the proposed design to the Delta Program Office no later than 9 months
prior to launch for review and approval. Maximum insignia size is 2.4 by 2.4 m (8 by 8 ft).
Following approval, the Delta Program Office will have the flight insignia prepared and placed on

the uprange side of the launch vehicle.
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Section 2
GENERAL PERFORMANCE CAPABILITY

The Delta II can accommodate a wide range of spacecraft requirements. The following sections
detail specific performance capabilities of Delta II launch vehicle configurations from the eastern
and western ranges. In addition to the capabilities shown herein, our mission designers can pro-

vide innovative performance trades to meet the particular requirements of our customers.

2.1 LAUNCH SITES

Depending on the specific mission requirement and range safety restrictions, the Delta II 7300-
7400- and 7900-series vehicle can be launched from either the ER or WR launch site (7900H
series can only use the ER launch pad at present).
m Eastern Launch Site. The ER launch site for Delta Il is Space Launch Complex 17 (SLC-17),
launch pads A and B, at the Cape Canaveral Air Force Station (CCAFS) in Florida. This site can
accommodate flight azimuths in the range of 65 to 110 deg, with 95 deg being the most commonly
flown.
m Western Launch Site. The WR launch site for Delta II is Space Launch Complex 2 (SLC-2)
at Vandenberg Air Force Base (VAFB) in California. Flight azimuths in the range of 190 to 225 deg
are currently approved by the 30th Space Wing, with 196 deg being the most commonly flown.

2.2 MISSION PROFILES
Typical profiles for both two- and three-stage missions are shown in Figures 2-1 and 2-2.

HBO01021REUO HB01022REUO

SECO-1

Restart

Hohmann
Transfer

Restart

SECO-1
— MECO
Leume Spacecraft
Separation
Separation
Note: Final circular orbit provided by spacecraft propulsion
Figure 2-1. Typical Two-Stage Mission Profile Figure 2-2. Typical Three-Stage Mission Profile

2.2.1 First-Stage Flight Profiles
m 7300-Series Vehicle. In launches from both the ER and WR, the first-stage RS-27A
engine and three strap-on solid-rocket motors (SRMs) are ignited on the ground at liftoff. The
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solids are then jettisoned following burnout. The main engine continues to burn until main engine
cutoff (MECO) at propellant depletion.

m 7400-Series Vehicle. For customers who require slightly more performance, the 7400-
series vehicle provides 14% greater performance than the 7300-series vehicle.

The 7400-series vehicle is available in both two- and three-stage configurations for launches
from the ER and WR. The first-stage RS-27A engine and four strap-on solid-rocket motors are
ignited on the ground at liftoff. The remaining vehicle sequence of events is approximately the
same as with the 7300 series vehicle.

m 7900-Series Vehicle. The 7900-series vehicle provides the customer with a payload
capability of greater than 55% over the 7400-series vehicle. In launches from both the ER and
WR, the first-stage RS-27A main engine and six of the nine strap-on solid-rocket motors are
ignited on the ground at liftoff. Following burnout of these six SRMs, the remaining three are
ignited. The six spent SRMs are then jettisoned in sets of three after vehicle and range safety
constraints have been satisfied. Jettisoning of the second set occurs 1 sec after the first set. The
remaining three SRMs are jettisoned approximately 3 sec after burnout. The main engine then
continues to burn until MECO.

m 7900H-Series Vehicle. At present, the 7900H-series Delta II is available in both two- and
three-stage configurations for launches from the ER launch site only. The Delta 7920H (with
nine GEM-46 strap-on solid-rocket motors) provides approximately 19% greater performance
than the 7900 series. With the exception of the solid-rocket motor burn durations (which are
approximately 14 sec longer), the vehicle sequence of events is approximately the same as with
the 7900-series vehicle.

2.2.2 Second-Stage and Third-Stage Flight Profiles

The remainder of the two- and three-stage mission profiles for the 7300-, 7400-, and
7900-series vehicles are almost identical. Eight seconds after MECO, the first stage sepa-
rates and is expended; the second stage ignites approximately five seconds later. Payload
fairing (PLF) separation occurs early in the second-stage flight, after an acceptable free-
molecular-heating rate has been reached.

In the typical two-stage mission (Figure 2-1), the second stage burns for approximately
340 to 420 sec, at which time second-stage engine cutoff (SECO 1) occurs. The vehicle then
follows a Hohmann transfer trajectory to the desired low Earth orbit (LEO) altitude. Near
apogee of the transfer orbit, the second stage is restarted and completes its burn to inject the
payload into the desired orbit. Separation takes place approximately 250 sec after second-
stage engine cutoff (SECO 2) once the spacecraft’s attitude requirements have been satisfied.

The typical three-stage mission to geosynchronous transfer orbit (GTO), shown in Figure 2-2,

uses the first burn of the second stage to place the payload into a 185-km (100-nmi) circular

Pursuant to U.S. Department of State direction, this document is not 2 2
authorized for release to prohibited destinations identified in Section 126.1 =
of the International Traffic in Arms Regulations.

If you are unsure if a destination is identified as prohibited or would like a

listing of all prohibited destinations, please contact Delta Launch Services.

@EHEINE“’



Delta Il Payload Planners Guide
MDC 00H0016

parking orbit inclined at 28.7 deg. The vehicle then coasts to a position near the equator where
the second stage is restarted. Following SECO-2, the third stage is spun up, separated, and
burned to establish GTO. Depending on mission requirements and spacecraft mass, some inclina-
tion may be removed or apogee altitude raised to optimize satellite lifetime.

After payload separation, the Delta second stage is restarted to deplete any remaining pro-
pellants (depletion burn) and/or to move the stage to a safe distance from the spacecraft
(evasive burn).

If required, the multiple restart capability of the Delta II second stage provides the cus-
tomer with a wide range of orbit flexibility and launch of multiple spacecraft.

Typical flight sequences using LEO missions for the 7320/7420 vehicles from eastern and
western launch sites are shown in Figures 2-3 and 2-4, while sequences for a GTO mission
using the 7925/7925H vehicles and a polar mission using the 7920 vehicle are shown in Fig-
ures 2-5 and 2-6. Typical event times for both two- and three-stage versions of the 7300-,
7400-, 7900-, and 7900H-series configurations from the eastern and western launch sites are

presented in Tables 2-1 and 2-2.
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SECO-2 7.34 24,084 7.34 | 24,084 | 1.09 1.07
|
|
|
|
|
Liftoff I
Main Engine and Three |
or Four Solid Motors Ignition |
| Equator

Eastern Range launch site, flight azimuth 95 deg; maximum capability
to 28.7-deg inclined orbit, 1019-km (550-nmi) circular

/

Figure 2-3. Typical Delta Il 7320/7420 Mission Profile—Circular Orbit Mission (ER Launch Site)
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Stage Il Ignition e e ?3%310-52%)
(278 sec) ST SECO-1 |
Falrlng Drop (666 sec) |
(293 sec) |
| Restart Stage |l Spacecraft
(3566 sec) Separation
MECO ' (3841 sec)
(264 sec) :
|
I
|
I
D Solid Motor !
Drop (3 or 4) Velocity (Inertial) Acceleration
(99 or 90 sec) Event 7320 7420 7320 | 7420
(km/sec)| (ft/sec) |(km/sec)| (ft/sec) | (g) (9)
Liftoff 0.38 1255 0.38 1255 | 1.32 | 1.34
Three or Four Solid 3or4 SRMBumout| 0.67 | 2191 | 0.80 | 2635 | 1.00 | 1.02
Motors Burnout (64 sec) MECO 4.83 | 15,847 510 | 16,735 | 6.62 | 6.72
SECO-1 8.02 | 26,320 8.02 |26,320 | 1.19 | 1.14
SECO-2 7.34 | 24,084 7.34 | 24,084 | 1.29 | 1.31

|
Liftoff |
Main Engine and Three |
or Four Solid Motors Ignition |

South Pole

Western Range launch site, flight azimuth 196 deg; faximum capability

A A to polar orbit, 1019-km (550-nmi) circular HBO1094R

Figure 2-4. Typical Delta 1l 7320/7420 Mission Profile—Polar Orbit Mission (WR Launch Site)

SECO-1 SECO-2
Stage Il Ignition, =~ (617 sec) (1306 sec) Stage Il Burnout
(278 sec) el L (1483 sec)
1> ‘
Fairing Drop Restart Stage || |
(303 sec) (1237 sec) ‘ S%tr?nglgr!” S o
pacecra
| ks Separation
MECO \ (1596 sec)
(264 sec) \
\
Velocity (Inertial) Acceleration
Event 7925 7925H 7920 [7925H
Q Solid Motor (km/sec)| (ft/sec) |(km/sec)| (ft/sec) | (Q) (9)
% Drop (3) Liftoff 0.41 1343 0.41 1343 | 1.37 [1.39
(1320r160sec) | 6 SRMBurnout | 1.02 | 3339 | 1.16 | 3806 | 0.55 |0.69
MECO 6.08 |19,944 6.37 | 20,888 | 5.91 |5.55
SECO-1 7.79 | 25,560 7.79 | 25,560 | 0.67 |0.61
SRM Drop (6) SECO-2 8.29 |27,192 8.49 | 27,839 | 0.76 |0.70
(66/67 or 81/82 sec) Stage Il Burnout| 10.24 | 33,589 10.24 | 33,589 | 3.24 |2.80
W ‘
\
Three Solid Motors Ignition (65.5 or 79 sec) \
Six Solid Motors Burnout (63 or 77 sec) \
\
Liftoff ‘
Main Engine and
Six Solid Motors Ignition | Equator

Eastern Range launch site, fllg t azimuth 95 deg; maximum capability

to 28.7-deg inclined GTO, 185-km (100-nmi) perigee HBO1025R

Figure 2-5. Typical Delta Il 7925/7925H Mission Profile—GTO Mission (ER Launch Site)
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Drop (3)
(132 sec)

2

SRM Drop (6)
(86/87 sec)

Wiy

MECO
(264 sec)

Stage Il Ignition
(278 sec)

Solid Motor

Three Solid Motors Ignition (66 sec)
Six Solid Motors Burnout (64 sec)

Liftoff
Main Engine and
Six Solid Motors Ignition

Western Range launch site, flight azimuth 196 deg; maximum capability

o= | SECO-2
G e (8594 sec)
il "';T—b SECO-1 : D>,
aring brop (669 sec) |  Restart Stage |l
(283 SeC) | (3569 SeC) 9
| Spacecraft
| Separation
: (3844 sec)
|
L
Velocity (Inertial) | Acceleration
Event 7920 7920
(km/sec) | (ft/sec) (9)
Liftoff 0.38 1255 1.37
6 SRM Burnout 0.71 2330 0.59
MECO 5.68 | 18,627 6.22
SECO-1 8.02 | 26,320 0.82
SECO-2 7.34 24,084 0.92
|
|
|
|
|
|
! South Pole

to polar orbit, 1019-km (550-nmi) circular

Figure 2-6. Typical Delta Il 7920 Mission Profile—Polar Mission (WR Launch Site)

Table 2-1. Delta Il Typical Eastern Launch Site Event Times*

Vehicle Configuration

Event 7320/7420| 7920/7920H | 7325/7425 | 7925/7925H |7326/7426 7926/7926H
First Stage
Main engine ignition T+0 T+0 T+0 T+0 T+0 T+0
Solid-motor ignition (3, 4, or 6) T+0 T+0 T+0 T+0 T+0 T+0
Solid-motor burnout (3, 4, or 6) T+63 T+630r77 T+63 T+630r77 T+63 T+63o0r77
Solid-motor ignition (3) N/A T+66o0r79 N/A T+66o0r79 N/A T+66o0r79
Solid-motor separation (3, 4, or T+ 66 T + 66/67 or 81/82|T + 66 T + 66/67 or 81/82 | T + 66 T + 66/67 or 81/82
3/3)
Solid-motor burnout (3) N/A T+ 129 or 157 N/A T+ 129 or 157 N/A T+ 129 or 157
Solid-motor separation (3) N/A T+ 132 0r 160 N/A T+ 132 or 160 N/A T+ 132 0r 160
MECO (M) T+ 264 T+ 264 T+ 264 T+ 264 T+ 264 T + 264
Second Stage
Activate Stage I/Il separation bolts [M + 8 M+38 M+8 M+8 M+8 M+8
Stage Il ignition M+135 [M+135 M+ 13.5 M+ 13.5 M+13.5 [M+135
Fairing separation M+ 39 M + 39 M + 39 M + 39 M + 39 M + 39
SECO (S1) M+390 [M+408 M + 415 M + 356 M + 390 M + 340
Stage Il engine restart S1+ 2900 {S1 +2900 S1+610 [S1+620 S1+610 [S1+620
SECO (S2) S1+2925 |S1+2925 S1+631 S1+689 S1+650 [S1+710
Third Stage
Activate spin rockets, start Stage [N/A N/A S2 +50 S2 +50 S2 +50 S2 +50
11l sequencer
Separate Stage Il N/A N/A S2 +53 S2 + 53 S2 +53 S2 + 53
Stage Il ignition N/A N/A S2 +90 S2 +90 S2 +90 S2 +90
Stage Il burnout N/A N/A S2+177 |S2+177 S2+155 [S2+ 155
Spacecraft
Spacecraft separation S2+250 ([S2+250 S2 + 290 S2 + 290 S2 +225 |S2+225
*All times shown in seconds
002200.3
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Table 2-2. Delta Il Typical Western Launch Site Event Times*

MDC 00H0016

Vehicle Configuration
Event 7320/7420 | 7920 | 7425 | 7925 | 7326/7426 | 7926
First Stage
Main engine ignition T+0 T+0 T+ 0sec T+0 T+ 0sec T+0
Solid-motor ignition (3, 4, or 6) T+0 T+0 T+0 T+0 T+0 T+0
Solid-motor burnout (3, 4, or 6) T+64 T+64 T+64 T+64 T+64 T+64
Solid-motor ignition (3) N/A T+ 66 N/A T + 66 N/A T+ 66
Solid-motor separation (3, 4, or 3/3) [T +99 or 83 |T + 86/87 T+83 T + 86/87 T+990r83 |T+86/87
Solid-motor burnout (3) N/A T+129 N/A T+ 129 N/A T+ 129
Solid-motor separation (3) N/A T+132 N/A T+132 N/A T+132
MECO (M) T + 264 T + 264 T+ 264 T+ 264 T + 264 T+ 264
Second Stage
Activate Stage I/ll separation bolts |M + 8 M+ 8 M+ 8 M+ 8 M+38 M+ 8
Stage Il ignition M +13.5 M+ 13.5 M+ 13.5 M+ 13.5 M+ 13.5 M+ 13.5
Fairing separation M + 29 M+ 19 M+ 29 M+ 19 M+ 29 M+ 19
SECO (S1) M + 390 M + 408 M+ 415 M + 356 M + 390 M + 340
Stage Il engine restart S1 +2900 S1+2900 S1+610 S1+620 S1+610 S1+620
SECO (S2) S1+2925 S1+2925 S1+ 631 S1+689 S1+ 650 S1+710
Third Stage
Activate spin rockets, start Stage Il |N/A N/A S2 +50 S2 +50 S2 +50 S2 +50
sequencer
Separate Stage I N/A N/A S2 + 53 S2 + 53 S2 +53 S2 +53
Stage Ill ignition N/A N/A S2 +90 S2 +90 S2 +90 S2 +90
Stage Il burnout N/A N/A S2 + 177 S2 + 177 S2 + 155 S2 + 155
Spacecraft
Spacecraft separation [S2 + 250 [S2 +250 [S2+290 [S2+290 [S2+225 [S2 +225

*All times shown in seconds

2.3 PERFORMANCE CAPABILITY

002201.5

This section presents a summary of the performance capabilities of the 7300, 7400, and 7900
launch vehicles, from the ER and WR launch sites, while that of the 7900H-series vehicle from

the ER only.

The performance estimates that follow are computed based on the following assumptions:

A. Nominal propulsion system and weight models were used on all stages.

B. The first stage is burned to propellant depletion.

C. Extended nozzle airlit GEMs are incorporated (only airlit GEMs have extended nozzles).

D. Second-stage propellant reserve is sufficient to provide a 99.7% probability of command

shutdown (PCS) by the guidance system.

E. PLF separation occurs at a time when free-molecular heating rate is equal to or less than

1135 W/m? (0.1 Btu/ft>-sec).

F. Perigee velocity is the vehicle burnout velocity at 185-km (100-nmi) altitude and zero-deg

flight path angle.

G. Initial flight azimuth is 95 deg from the eastern launch site and 196 deg from the western

launch site.

H. For two-stage missions, a 6306 payload attach fitting (PAF) is assumed for the 7300/7400-
series, and a 6915 PAF is assumed for the 7900/7900H-series. It should be noted that alternate

Pursuant to U.S. Department of State direction, this document is not
authorized for release to prohibited destinations identified in Section 126.1
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PAFs and the dual-payload attach fitting (DPAF) can be used but will affect the payload mass
capability shown in the respective figures.

I. For three-stage missions using a Star-48B third stage, a 3712 PAF with standard nutation
control system (NCS) and yo-weight tumble system is assumed. It should be noted that other
three-stage PAFs can be used but will affect the three-stage payload mass capability. If the space-
craft requires a lower spin rate, an NCS with a yo-yo-weight despin system would add approxi-
mately 4.5 kg (10 Ibm) to the standard system.

J.  For three-stage missions using a Star-37FM third stage, a 3724 PAF with standard NCS
and yo-weight tumble system is assumed. It should be noted that other three-stage PAFs can be
used, but will affect the three-stage payload mass capability. If the spacecraft requires a lower
spin rate, an NCS with a yo-yo-weight despin system would add approximately 23.1 kg (51 lbm).

K. Capabilities are shown for standard 2.9-m (9.5-ft), 3.0-m (10-ft), and 3.0-m (10-ft)
stretched (7900/7900H-series only) PLFs.

A summary of maximum performance for common two- and three-stage missions is presented

in Tables 2-3 and 2-4.

Table 2-3. Two-Stage Mission Capabilities

Spacecraft mass capabilities
Low-Earth Orbit (LEO) LEO Sun-Synchronous Orbit
m CCAFS, i=28.7 deg m VAFB, i=90.0 deg m VAFB, i =98.7 deg
m 185 km/100 nmi circular|m 185 km/100 nmi circular |m 833 km/450 nmi circular
Vehicle
Designation (kg) (Ibm) (kg) (Ibm) (kg) (Ibm)
7300-Series Vehicle
— 2.9-m (9.5-ft) Fairing 7320 2796 6165 2065 4553 1652 3641
— 3.0-m (10-ft) Fairing 7320-10 2692 5934 1997 4403 1591 3507
7400-Series Vehicle
— 2.9-m (9.5-ft) Fairing 7420 3201 7057 2458 5420 1991 4390
— 3.0-m (10-ft) Fairing 7420-10 3115 6867 2374 5234 1919 4230
7900-Series Vehicle
— 2.90-m (9.5-ft) Fairing 7920 5102 11249 3828 8439 3186 7025
— 3.0-m (10-ft) Fairing 7920-10 4921 10848 3715 8190 3083 6796
— 3.0L-m (10L-ft) 7920-10L 4840 10670 3641 8026 3019 6655
Fairing
7900H-Series Vehicle
— 2.9-m (9.5-ft) Fairing 7920H 6144 13546
— 3.0-m (10-ft) Fairing 7920H-10 6024 13281 Currently Not Available From WR Launch Site
— 3.0L-m (10L-ft) 7920H-10L 5958 13136
Fairing
Note:

7300/7400 baseline uses a 6306 Payload Attach Fitting with a mass of 47.6 kg (105 Ibm)
7900/7900H baseline uses a 6915 Payload Attach Fitting with a mass of 93.0 kg (205 lIbm)

Pursuant to U.S. Department of State direction, this document is not
authorized for release to prohibited destinations identified in Section 126.1
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Spacecraft mass capabilities

Geosynchronous Trans-
fer Orbit (GTO) Interplanetary Transfer Molniya Orbit
m CCAFS, i=28.7 deg Orbit m VAFB, i =63.4 deg
m 185 x 35,786 km/100 x |[m CCAFS, i =28.7 deg m 370 x 40,094 km/
19,323 nmi m C3 =0.4 km2/sec2 200 x 21,649 nmi
(kg) (lbm) (kg) (lom) (kg) (Ibm)
7300-Series Vehicle
m Star-48B Third Stage
— 2.9-m (9.5-ft) Fairing 7325 Not avail.* | Not avail.* 688 1516 N/A* N/A*
— 3.0-m (10-ft) Fairing 7325-10 Not avail.* | Not avail.* 654 1442 N/A* N/A*
m Star-37FM Third Stage
— 2.9-m (9.5-ft) Fairing 7326 927 2043 622 1372 630 1388
— 3.0-m (10-ft) Fairing 7326-10 891 1965 598 1318 609 1343
7400-Series Vehicle
m Star-48B Third Stage
— 2.9-m (9.5-ft) Fairing 7425 1140 2513 806 1778 N/A* N/A*
— 3.0-m (10-ft) Fairing 7425-10 1104 2433 784 1729 N/A* N/A*
m Star-37FM Third Stage
— 2.9-m (9.5-ft) Fairing 7426 1056 2328 709 1564 731 1612
— 3.0-m (10-ft) Fairing 7426-10 1027 2265 690 1521 707 1559
7900-Series Vehicle
m Star-48B Third Stage
— 2.9-m (9.5-ft) Fairing 7925 1841 4058 1284 2830 1103 2432
— 3.0-m (10-ft) Fairing 7925-10 1769 3901 1230 2712 1071 2362
— 3.0L-m (10L-ft) Fairing 7925-10L 1747 3851 1216 2680 1051 2316
m Star-37FM Third Stage
— 2.9-m (9.5-ft) Fairing 7926 1677 3698 1132 2496 983 2168
— 3.0-m (10-ft) Fairing 7926-10 1599 3526 1076 2373 953 2101
— 3.0L-m (10L-ft) Fairing 7926-10L 1583 3491 1067 2352 934 2059
7900H-Series Vehicle
m Star-48B Third Stage
— 2.9-m (9.5-ft) Fairing 7925H 2185 4816 1519 3349
— 3.0-m (10-ft) Fairing 7925H-10 2142 4723 1490 3284 Currently Not
— 3.0L-m (10L-ft) Fairing 7925H-10L 2121 4675 1475 3251 Available From
m Star-37FM Third Stage WR Launch Site
— 2.9-m (9.5-ft) Fairing 7926H 1990 4388 1339 2951
— 3.0-m (10-ft) Fairing 7926H-10 1950 4300 1312 2893
— 3.0L-m (10L-ft) Fairing 7926H-10L 1930 4256 1300 2865
Note:
Star-48B uses a 3712A Payload Attach Fitting with a mass of 45.4 kg (100 Ibm)
Star-37FM uses a 3724 Payload Attach Fitting with a mass of 56.7 kg (125 Ibm)
*Not available, exceeds maximum allowable Star-48B motor offload capability.
002202.5
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7300/7400-SERIES VEHICLE
m ER Launch Site.
— Two-stage perigee velocity (Figure 2-7).
— Two-stage apogee altitude (Figure 2-8).
— Two-stage circular orbit altitude (Figure 2-9).
— Three-stage perigee velocity (Figure 2-10).
— Three-stage apogee altitude (Figure 2-11).
— Three-stage GTO inclination (Figure 2-12).
— Three-stage launch energy capability (Figure 2-13).
m WR Launch Site.
— Two-stage perigee velocity (Figure 2-14).
— Two-stage apogee altitude (Figure 2-15).
— LEO two-stage circular orbit altitude (Figure 2-16).
— Two-stage sun-synchronous orbit (Figure 2-17).
— Three-stage perigee velocity (Figure 2-18), 7326/7426/7425 configurations only.
— Three-stage apogee altitude (Figure 2-19), 7326/7426 configurations only.

7900/7900H-SERIES VEHICLE
m ER Launch Site.
— Two-stage perigee velocity (Figure 2-20).
— Two-stage apogee altitude (Figure 2-21).
— Two-stage circular orbit altitude (Figure 2-22).
— Three-stage perigee velocity (Figure 2-23).
— Three-stage apogee altitude (Figure 2-24).
— Three-stage GTO inclination (Figure 2-25).
— Three-stage launch energy capability (Figure 2-26).
m WR Launch Site (7900-series only).
— Two-stage perigee velocity (Figure 2-27).
— Two-stage apogee altitude (Figure 2-28).
— Two-stage circular orbit altitude (Figure 2-29).
— Two-stage sun-synchronous orbit (Figure 2-30).
— Three-stage perigee velocity (Figure 2-31).
— Three-stage apogee altitude (Figure 2-32).
The second stage can be flown to propellant depletion shutdown (PDS) if the mission desires a
slightly higher performance capability. Depending on the launch vehicle configuration, perfor-

mance increases from 2% to 4% can be achieved.
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The performance capability for any given mission depends upon quantitative analysis of all
known mission requirements and range safety restrictions. The allowable payload mass should be
coordinated with Delta Launch Services as early as possible in the basic mission planning. Pre-
liminary error analysis, performance optimization, and trade-off studies will be performed, as

required, to arrive at an early commitment of allowable payload mass for each specific mission.

2.4 MISSION ACCURACY DATA

All Delta II configurations employ the RIFCA mounted in the second-stage guidance com-
partment. This system provides precise pointing and orbit accuracy for both two- and three-
stage missions.

For a second-stage probability of command shutdown (PCS) of 99.7%, the typical three-sigma
(30) dispersions for a two-stage mission to low-earth orbit are:

m Perigee altitude: -25.0 km (-13.5 nmi)/+9.3 km (+5.0 nmi).
m Apogee altitude: -9.3 km (-5.0 nmi)/+9.3 km (+5.0 nmi).
m Orbit inclination: +0.05 deg.

In a three-stage mission, the parking orbit parameters achieved are quite accurate. The final
orbit (e.g., GTO) is primarily affected by the third-stage pointing and the velocity errors from the
third-stage solid-motor burn. The pointing error for a given mission depends on the third-stage/
spacecraft mass properties and the spin rate. The typical pointing error at third-stage ignition is
approximately 1.5 deg for the Star-48B and 2.0 deg for the Star-37FM motor based on past Delta
experience. Deviations from nominal apogee altitude using the 7300, 7400, 7900, and 7900H
launch vehicles for GTO mission from ER launch site are shown in Figure 2-33. The transfer orbit
inclination error is typically from +0.2 to 0.6 deg over the range shown, while the perigee alti-
tude variation is typically about £9.3 km (+5 nmi). All errors are 3-¢ values.

These data are presented as general indicators only. Individual mission requirements and speci-
fications will be used as the basis for detailed analyses for specific missions. The customer is

invited to contact Delta Launch Services for further information.
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Figure 2-7. Delta 1l 7320/7420 Vehicle, Two-Stage Perigee Velocity Capability—ER Launch Site
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Figure 2-8. Delta Il 7320/7420 Vehicle, Two-Stage Apogee Altitude Capability—ER Launch Site
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Figure 2-9. Delta 1l 7320/7420 Vehicle, Two-Stage Circular Orbit Altitude Capability—ER Launch Site
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Figure 2-10. Delta 1l 732X/742X Vehicle, Three-Stage Perigee Velocity Capability—Eastern Launch Range
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Figure 2-11. Delta Il 732X/742X Vehicle, Three-Stage Apogee Altitude Capability—Eastern Launch Site
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Figure 2-12. Delta Il 732X/742X Vehicle, Three-Stage GTO Inclination Capability—Eastern Launch Site
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Figure 2-13. Delta 1l 732X/742X Vehicle, Three-Stage Launch Energy Capability—Eastern Launch Site
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Figure 2-14. Delta 11 7320/7420 Vehicle, Two-Stage Perigee Velocity Capability—Western Launch Site
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Figure 2-15. Delta Il 7320/7420 Vehicle, Two-Stage Apogee Altitude Capability—Western Launch Site
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Figure 2-16. Delta Il 7320/7420 Vehicle, LEO Two-Stage Circular Orbit Altitude Capability—Western Launch Site
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Figure 2-17. Delta 1l 7320/7420 Vehicle, Two-Stage Sun-Synchronous Capability—Western Launch Site
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Figure 2-18. Delta Il 732X/742X Vehicle, Three-Stage Perigee Velocity Capability—Western Launch Site
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Figure 2-19. Delta Il 7326/7426 Vehicle, Three-Stage Apogee Altitude Capability—Western Launch Site
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Figure 2-20. Delta Il 7920/7920H Vehicle, Two-Stage Perigee Velocity Capability—Eastern Launch Site
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Figure 2-21. Delta 1l 7920/7920H Vehicle, Two-Stage Apogee Altitude Capability—Eastern Launch Site
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Figure 2-22. Delta Il 7920/7920H Vehicle, Two-Stage Circular Orbit Altitude Capability—Eastern Launch Site

Pursuant to U.S. Department of State direction, this document is not 2 21
authorized for release to prohibited destinations identified in Section 126.1 B

of the International Traffic in Arms Regulations.

If you are unsure if a destination is identified as prohibited or would like a

listing of all prohibited destinations, please contact Delta Launch Services.

@EEEINE“



Delta Il Payload Planners Guide
MDC 00H0016

HB01011REU0.4
Perigee Velocity (ft/sec)
34,000 36,000 38,000 40,000 42,000 44,000 46,000 48,000
2500 T T T T T T T T
Star-37FM Third Stage
2.9-m (9.5-ft) Fairing -| 5000
|1 | |mm=—- 3.0-m (10-ft) Fairing
|
2000
— 4000
3.0-m (10-ft)-dia “Stretched” Fairing:
1500 Results in a decrease of up to 31.8-kg
= (70 Ibm) to the 3.0-m (10-ft) fairing
=3 performance curve — 3000 £
o Ks)
8 =
g s
o o
1000 =
—{2000 &
500 —{1000
95-deg Flight Azimuth
28.7-deg Inclination
185-km (100-nmi) Perigee Altitude \
56.7-kg (125-lbm) 3724 PAF \___‘
0 ' : 0
10 11 12 13 14 15
Perigee Velocity (km/sec)
Perigee Velocity (ft/sec)
2500 34,000 36,000 38,000 40,000 42,000 44,000 46,000 48,000
I I I I I |I I
Star-48B Third Stage
2.9-m (9.5-ft) Fairing —5000
----- 3.0-m (10-ft) Fairing
2000 !
Note: Payload mass less than 567 kg (1250 lbm)
may require nutation control system —{ 4000
modifications that may result in a decrease
in performance
1500 i i
§ 3.0-m (10-ft)-dia “Stretched” Fairing: 13000 =~
= Results in a decrease of up to 31.8-kg _g
g (70 Ibm) to the 3.0-m (10-ft) fairing =
> performance curve §
& 1000 i
—2000 &
500 — - . e
95-deg Flight Azimuth e —11000
28.7-deg Inclination Sy
185-km (100-nmi) Perigee Altitude L
45.4-kg (100-lbm) 3712 PAF
0 | 0
10 11 12 13 14 15
Perigee Velocity (km/sec)
Figure 2-23. Delta Il 792X/792XH Vehicle, Three-Stage Perigee Velocity Capability—Eastern Launch Site
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Figure 2-24. Delta Il 792X/792XH Vehicle, Three-Stage Apogee Altitude Capability—Eastern Launch Site
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Figure 2-25. Delta Il 792X/792XH Vehicle, Three-Stage GTO Inclination Capability—Eastern Launch Site
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Figure 2-26. Delta Il 792X/792XH Vehicle, Three-Stage Launch Energy Capability—Eastern Launch Site
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Figure 2-27. Delta Il 7920 Vehicle, Two-Stage Perigee Velocity Capability—Western Launch Site
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Figure 2-28. Delta Il 7920 Vehicle, Two-Stage Apogee Altitude Capability—Western Launch Site
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Figure 2-29. Delta 11 7920 Vehicle, Two-Stage Circular Orbit Altitude Capability—Western Launch Site
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Figure 2-30. Delta 1l 7920 Vehicle, Two-Stage Sun-Synchronous Capability—Western Launch Site
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Figure 2-31. Delta Il 792X Vehicle, Three-Stage Perigee Velocity Capability—Western Launch Site
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Figure 2-32. Delta Il 792X Vehicle, Three-Stage Apogee Altitude Capability—Western Launch Site
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Figure 2-33. Delta Il Vehicle, GTO Deviations Capability—Eastern Launch Site
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Section 3
PAYLOAD FAIRINGS

The payload is protected by a fairing that shields it from aerodynamic buffeting and heating
while in the lower atmosphere. The Delta II launch vehicle currently offers three fairings: a 2.9-m
(9.5-ft)-dia metallic fairing and a 3.0-m (10-ft)-dia composite fairing that comes in two different
lengths. A general discussion of the available fairings is presented below, while detailed descrip-

tions and payload static envelopes fairings are presented in following sections.
3.1 GENERAL DESCRIPTION

The payload envelopes presented in the following sections define the maximum allowable static
dimensions of the spacecraft (including manufacturing tolerances) for the spacecraft/payload
attach fitting (PAF) interface. If the spacecraft dimensions are maintained within these envelopes,
there will be no contact of the spacecraft with the fairing during flight, provided that the frequency
and structural stiffness characteristics of the spacecraft are in accordance with the dynamic envi-
ronmental limits specified in Section 4. The envelopes include allowances for relative static/
dynamic deflections between the launch vehicle and spacecraft. Also included are the manufactur-
ing tolerances of the launch vehicle as well as the thickness of the acoustic blanket installed on the
fairing interior with billowing effect accounted for. Available blanket configurations are described
in Table 3-1.

Clearance layouts and analyses are performed and, if necessary, critical clearances are mea-
sured after the fairing is installed to ensure positive clearance during flight. To accomplish this, it
is important that the spacecraft description (refer to Section 8) include an accurate definition of
the physical location of all points on the spacecraft that are within 51 mm (2 in.) of the allowable
envelope. The dimensions must include the maximum manufacturing tolerances.

Table 3-1. Typical Acoustic Blanket Configurations

Fairing Location
2.9-m (9.5-ft)-dia |Blankets extend from the nose cap to approximately Station 491. The blanket thicknesses are as follows:
by 8.5 m (27.8 ft) |38.1 mm (1.5 in.) in the nose section, 76.2 mm (3.0 in.) in the 2896-mm (114-in.)-dia section, and 38.1 mm (1.5
long in.) in the upper portion of the 2438-mm (96-in.)-dia section.
3-m (10-ft)-dia The baseline configuration for acoustic blankets extends from the aft end of the boattail to station 213.42 in the
by 8.9 m (29.1 ft) [nose section. These blankets are 76.2 mm (3 in.) thick throughout this region.
long
3-m (10-ft)-dia The baseline configuration for acoustic blankets extends from the aft end of the boattail to station 201.04 in the
by 9.2 m (30.3 ft) |nose section. These blankets are 76.2 mm (3 in.) thick throughout this region.
long

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

m Blankets for the 2.9-m (9.5-ft) Delta fairing are constructed of silicone-bonded heat-treated glass-fiber batt enclosed between two
0.076-mm (0.003-in.) conductive Teflon-impregnated fiberglass facesheets. Blankets for the 3.0-m (10-ft)-dia Delta composite
fairings are constructed of melamine foam covered with reinforced carbon-loaded kapton facesheets. The blankets are vented
through a 5-pym stainless steel mesh filter, which controls particulate contamination to levels better than a class 10,000 cleanroom
environment.

m Outgassing of the acoustic blankets meets the criteria of 1.0% maximum total weight loss and 0.10% maximum volatile condens-
able material with line-of-sight to payloads for the 2.9-m (9.5-ft) and 3.0-m (10-ft) fairings.
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An air-conditioning inlet umbilical door on the fairing provides a controlled environment to the
spacecraft and launch vehicle second stage while on the launch stand. A GN, purge system can be
incorporated to provide continuous dry nitrogen to the spacecraft until liftoff.

Contamination is minimized by cleaning the payload fairing at the factory prior to shipment to
the launch site. Special cleaning in a cleanroom environment using black light is available upon

request at the launch site.

3.2 THE 2.9-M (9.5-FT)-DIAMETER PAYLOAD FAIRING
The 2.9-m (9.5-ft)-dia fairing (Figures 3-1 and 3-2) is an aluminum skin-and-stringer structure

fabricated in two half-shells. These shells consist of a hemispherical nose cap, a biconic section, a
cylindrical 2896-mm (114-in.)-dia center section (the maximum diameter of the fairing), a 30-deg
conical transition, and a cylindrical base section having the 2438-mm (96-in.) core vehicle diame-
ter. The biconic section is a ring-stiffened monocoque structure; one-half of which is fiberglass
covered with a removable aluminum foil lining to create an RF window. The cylindrical base sec-
tion is an integrally stiffened isogrid structure, and the cylindrical center section has a skin-and-
stringer construction. The fairing has an overall length of 8488 mm (334.2 in.).

The half-shells are joined by a contamination-free linear piston/cylinder thrusting separa-
tion system that runs longitudinally the full length of the fairing. Two functionally redundant
explosive bolt assemblies provide structural continuity at the fairing base ring. Four function-
ally redundant explosive bolt assemblies (two each) provide circumferential structural conti-
nuity at the 30-deg transition section between the 2896-mm (114-in.)-dia section and the
2438-mm (96-in.)-dia section.

The fairing half-shells are jettisoned by actuation of the base and transition separation nuts and
by the detonating fuse in the thrusting joint cylinder rail cavity. A bellows assembly within each
cylinder rail retains the detonating-fuse gases to prevent contamination of the spacecraft during
the fairing separation event.

Two 457-mm by 457-mm (18-in. by 18-in.) access doors for second-stage access are part of
the baseline fairing configuration (Figure 3-2). To satisfy spacecraft requirements, additional
removable doors of various sizes and locations can be provided to permit access to the space-
craft following fairing installation. It should be noted that the large access doors will have
acoustic blankets. The quantity and location of access doors must also be coordinated with the
Delta Program Office.

The fiberglass biconic section can be made RF transparent by removal of its aluminum foil lin-
ing. Location and size of the RF panels must be coordinated with the Delta Program Office.

Acoustic absorption blankets are provided within the fairing interior. The typical blanket con-

figuration is described in Table 3-1. Blanket thermal characteristics are discussed in Section 4.2.2.
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Figure 3-1. Delta 2.9-m (9.5-ft)-dia Payload Fairing
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Figure 3-2. Profile, 2.9-m (9.5-ft)-dia Payload Fairing
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The allowable static spacecraft envelopes for existing PAFs within the fairing are shown
in Figures 3-3 and 3-4 and assume that the spacecraft stiffness recommended in Section 4 is
maintained. Usable envelopes below the separation plane and local protuberances outside the

envelopes presented require coordination and approval of the Delta Program Office.

3.3 THE 3-M (10-FT)-DIAMETER PAYLOAD FAIRING

The 3-m (10-ft)-dia fairing is available for spacecraft requiring a larger envelope. The fairing
(Figures 3-5 and 3-6) is a composite sandwich structure that separates into bisectors. Each bisector
is constructed in a single co-cured layup, eliminating the need for module-to-module manufactur-
ing joints and intermediate ring stiffeners. The resulting smooth inside skin enables the flexibility
to install mission-unique access doors almost anywhere in the cylindrical portion of the fairing. An
RF window can be accommodated, similar to mission-unique access doors. All these requirements
must be coordinated with the Delta Program office.

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

The fairing bisectors are jettisoned by actuation of the base separation nuts, and by the detonating
fuse in the thrusting joint cylinder rail cavity. A bellows assembly within each cylinder rail retains
the detonating-fuse gases to prevent spacecraft contamination during the fairing separation event.

Two standard 457-mm (18-in.)-dia access doors are part of the baseline fairing configuration for
second-stage access (Figure 3-5). To further meet customer needs, additional 610-mm (24-in.)-dia
doors can be provided in the fairing cylindrical section for spacecraft access after encapsulation.
The quantities and locations of additional access doors must be coordinated with the Delta Pro-
gram Office.

Acoustic absorption blankets are provided on the fairing interior. Typical blanket configurations
are described in Table 3-1.

The allowable static spacecraft envelopes within the fairing are shown in Figures 3-7 and 3-8
for the three- and two-stage configurations. For dual-payload missions, a newly developed dual-
payload attach fitting (DPAF) is used for spacecraft interfaces to the launch vehicle. The allow-
able static envelope for lower and upper spacecraft is shown in Figure 3-9. The prescribed static
envelopes are valid provided that the spacecraft stiffness recommended in Section 4 is main-
tained. Any protuberance outside the envelopes requires coordination with and approval of

Delta Program Office.
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Figure 3-3. Payload Static Envelope, 2.9-m (9.5-ft)-dia Fairing, Three-Stage Configuration (3712 PAF)
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Figure 3-4. Payload Static Envelope, 2.9-m (9.5-ft)-dia Fairing, Two-Stage Configuration (6915 PAF)
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Figure 3-5. Profile, 3-m (10-ft)-dia Composite Fairing
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3.4 THE STRETCHED 3-M (10-FT)-
DIAMETER PAYLOAD FAIRING -10L

The stretched 3-m (10-ft)-dia fairing, des-
ignated -10L, is available for payloads
requiring a longer envelope than the 3-m
(10-ft)-dia fairing described in Section 3.3.
The -10L fairing (Figure 3-10) is also a
composite sandwich structure that separates
into bisectors. The cylindrical section is
lengthened by 0.979 m (3.21 ft), making
the overall length 0.36 m (1.19 ft) longer
than the 3-m (10-ft)-dia fairing.

Other than the difference in length, the
discussion in Section 3.3 also applies to the
stretched 3-m (10-ft)-dia fairing. The dual-
payload attach fitting (DPAF) is also avail-
able for the stretched 3-m (10-ft)-dia (-10L)
fairing.

The allowable static spacecraft envelopes are

shown in Figures 3-11 and 3-12 for the three-

Delta Il Payload Planners Guide
MDC 00H0016

Figure 3-6. 3-m (10-ft) dia Composite Fairing

and two-stage configurations, assuming that the spacecraft stiffness recommended in Section 4 is

maintained. Any protuberance outside the envelopes requires coordination with and approval of the

Delta Program Office.
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Figure 3-7. Payload Static Envelope, 3-m (10-ft)-dia Fairing, Three-Stage Configuration (3712 PAF)
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Figure 3-8. Payload Static Envelope, 3-m (10-ft)-dia Fairing, Two-Stage Configuration (6915 PAF)
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Section 4
PAYLOAD ENVIRONMENTS

This section describes the launch vehicle environments to which the spacecraft is exposed dur-
ing prelaunch activities and launch. Section 4.1 discusses prelaunch environments for processing
facilities at both eastern and western ranges. Section 4.2 presents the Delta II launch and flight

environments for the spacecraft.

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

The environment experienced by the payload during its launch site processing is carefully con-
trolled for temperature, relative humidity, and cleanliness. This includes the payload processing

conducted before it is installed in the ground handling can (see Figures 6-14 and 7-24). The

ground handling can, with the payload inside, is subsequently transferred to the launch pad and
hoisted into the mobile service tower (MST) white room. Before the spacecraft is mounted on the
launch vehicle, the MST white room is closed and the white room air-conditioning is stabilized.
Mating to the second stage is completed, and the ground handling can is disassembled in sections.

Air-conditioning is supplied to the spacecraft via an umbilical after the payload fairing is mated
to the launch vehicle. The payload air-distribution system (Figure 4-1) provides air at the required
temperature, relative humidity, and flow rate as measured at the end of the fairing duct hardline.
The air-distribution system uses a diffuser on the inlet air-conditioning duct at the fairing interface.
The air-conditioning duct is in the Quad I half of the fairing. Unique mission requirements or equip-
ment should be coordinated with the Delta Program Office. If required, a deflector can be installed

on the inlet to direct the airflow away from sensitive spacecraft components. The air-conditioning

umbilical is pulled away at liftoff by lanyard

HB00881REUO

Lanyard
Disconnects

disconnects, and the access door on the fairing Fairi?lg \{\éal)l
nsiae

automatically closes. The air is supplied to the

. ) PSP
payload at a maximum set point of 1500 cfm. Air Elow ir-Conditioning

The air flows downward around the spacecraft
and is discharged below the second stage ALl
Inlet Diffuser

through vents in the interstage. If an environ-

mental shroud is required around the space- Alr Flow

craft prior to fairing installation, it receives the

same fairing air. The environmental shroud

. . Air-conditioning duct and diffuser
and payload work stand for SLC-2 is shown in system is e%ected at liftoff

Figure 4-2. A similar system for SLC-17 is

shown in Figure 4-3. Figure 4-1. Payload Air Distribution System
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Figure 4-2. Environmental Shroud and Payload Workstand (SLC-2)

At SLC-17, the fairing air hardline downstream of the high-efficiency particulate air (HEPA)
filter contains an inline particle counter for continuous particle count sampling. A separate backup
environmental control unit is also provided for fairing air-conditioning redundancy. This unit is
operated in a hot standby mode for automatic transfer during launch day. Both fairing air environ-
mental control units are backed up by diesel generator power. If auxiliary air-conditioning is
required in addition to the fairing air, the battery cooling unit is available for supplemental cool-
ing during pad processing. The battery cooling unit is located on the MST and provides low-tem-
perature air with limited humidity control through a 6-in. interface at level 9B. The system
capabilities are detailed in Table 4-1. SLC-2 also includes a battery cooling system that can pro-
vide a maximum of 250 cfm through the T-0 umbilical on the second stage. System capabilities

are detailed in Table 4-2.
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Figure 4-3. Environmental Shroud and Payload Workstand (SLC-17A and SLC-17B)
Table 4-1. Eastern Range Facility Environments
Facility environmental control system
Location Temperature Relative humidity Filtration®)
Handling cans Mobile Note(™ Not controlled®  [Not controlled(®
MST SLC-17A/B white room 18.33°C to 23.89°C 35% to 50% Class 100,000
(65°F to 75°F)
Astrotech Buildings 1 and 2: airlock, 23.89°C £ 2.8°C 50% 5% Class 100,000
high bays (75°F +5°F)

Note: The facilities listed can only lower the outside humidity level. The facilities do not have the capability to raise outside humidity
levels. These numbers are provided for planning purposes only. Specific values should be obtained from the controlling agency.
(")Passive temperature control provided by operational constraints.

(2)Dry gaseous nitrogen purge per MIL-P-27401C, Type 1, Grade B.

()Classification of air cleanliness is defined by FED-STD-209E.

Vehicle environmental control systems

Relative
Location Temperature humidity Flow rate Filtration Hydrocarbons

Launch |Payload fairing 7.22°C 10 26.67°C | 35% to 50% +5%(2) | 25.5 to 42.5 + 2.8 m3 | Class 5,0000) | 15 ppm max(4)
complex |and environ- +1.11°C (900 to 1500 +100
SLC-17A/ |mental shroud | (45°F to 80°F +2°F(2)3)) cfm(2))
SLC-17B |air(!)

Battery cooling 10.0°C to 26.67°C 90% max O0to17 m3 Class 5,0000) | 15 ppm max(4)

air (1 +2.78°C (not selectable) (0 to 600 cfm(2))

(50°F to 80°F +5°F(2))

(1Al conditions are specified as inlet conditions.

(2)specific setpoint is selectable within the specified range and the system controls within the specified control tolerance.

()Customer-selected target setpoint for fairing air temperature must be coordinated with Delta Program Office for booster propellant
impact.

(4)Air is filtered by an activated carbon charcoal filter and non-DOP-tested HEPA filter.

()Classification of air cleanliness is defined by FED-STD-209D.

002183.7
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Table 4-2. Western Range Facility and Transportation Environments

Location Temperature(1) Relative humidity() Filtration(®
Building 836 Spacecraft 15.6° C to 26.7°C (60°F to 80°F) 40% to 70%, £5% Class 100,000
Laboratory 1 & 2 Controlled within £1.1°C (£2°F)
High Bay Heat only Not Controlled Not Controlled
Building 1610 Hazardous 18.3°C to 26.7°C (65°F to 80°F) 40% to 70%, £5% Class 100,000
Processing Facility | Controlled within £2.8°C (x5°F)
Ground Handling |Mobile Ambient (3) Not Controlled (4) Sealed
Can
Spaceport Payload Checkout 15.6°C to 23.9°C 35% to 50%, +5% Class 100,000
Systems Cells (60°F to 75°F)
International Highbay Controlled within £0.6°C (+1°F)
Airlock
Astrotech Payload 15.6°C to 26.7°C 35% to 60%, +5% Class 100,000
Processing Rooms (60°F to 80°F)
Controlled within £1.1°C (+2°F)
Mobile Service MST white room 18.3°C to 23.9°C 35% to 50%, +10% Class 100,000
Tower (MST) (all doors closed) (65°F to 75°F)
Controlled within £2.8°C (+5°F)
Fairing interior 12.8°C and 18.3°C 35% to 50%, £10% Class 10,000(0)
(55°F and 65°F)
Controlled within + 2.8°C (x 5°F)(5)
Environmental 12.8°C and 18.3°C 35% to 50%, £10% Class 10,000
shroud (55°F and 65°F)
Controlled within + 2.8°C (+ 5°F)(5)
Battery cooling 10.0°C and 15.6°C Less than 80% 3-um absolute filter
system (55°F and 65°F)
Controlled within + 1.7°C ( 3°F)(5)
Fairing and/or Not Controlled Dry gas Controlled by customer-
spacecraft dry gas supplied equipment
purge

(Temperature and relative humidity requirements can be accommodated between the ranges stated for each location.
(2)Reference FED-STD-209E, Airborne Particulate Cleanliness Classes in Cleanrooms and Clean Zones, except as noted.
()Temperature controlled by scheduling transfer during time of day with acceptable ambient temperature.
(4)Dry nitrogen gas purge per MIL-P-27401C, Type 1, Grade A, during transfer.

(®)Fairing air temperature below 12.8°C (55°F) and above 18.3°C (65°F) must be coordinated with the Delta Program Office.
(B)Fairing interior cleanliness levels cleaner than class 10,000 must be coordinated with the Delta Program Office.

002184.6

At SLC-17, GN, purge can be accommodated during hoist into the white room and/or though
the air-conditioning duct after fairing installation. The GN, source for the purge can be supplied
from facility MIL-P-27401C, Type 1, Grade B nitrogen or customer-supplied k-bottles or dewars
normally located at the base of the fixed umbilical tower (FUT). Purge gas control panel(s) are
normally furnished by the customer. Unique mission requirements or equipment should be coor-
dinated with Delta Launch Services.

At SLC-2, GN, purge gas is normally provided by the customer and accommodated through the
air-conditioning duct after fairing installation. The GN, purge can also be accommodated through
the T-0 umbilical on the second-stage miniskirt from spacecraft erection through liftoff. Typical
spacecraft gas purge accommodations are detailed in Figure 4-4.

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

eastern and western ranges, respectively. The facilities used depend on spacecraft program
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Figure 4-4. Payload Gas Purge Accommodations (Typical at SLC-2 Shown)
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requirements. See Section 6 for descriptions of eastern range and Section 7 for western range
facilities.

4.1.2 MST White Room

Located at the upper levels within the MST, the environmentally controlled white room has pro-
visions for maintaining spacecraft cleanliness. White room environments are listed in Table 4-1 for
pads A and B at SLC-17 and in Table 4-2 for SLC-2 at Vandenberg Air Force Base (VAFB).

4.1.3 Radiation and Electromagnetic Environments

The Delta II transmits launch vehicle telemetry and beacon signals on several frequencies to
the appropriate range tracking stations. It also has uplink capability to onboard command receiver
decoders (CRDs) for command destruct capability. Two S-band telemetry systems are provided
(one each on the second and third stages), as well as two CRD systems on the second stage and a
C-band transponder (beacon) on the second stage. The radiation characteristics of these systems
are shown in Table 4-3. The RF systems are switched on prior to launch and remain on until stage
separation and battery depletion. Payload launch environment data, such as low- and high-fre-
quency vibration, acceleration transients, shock velocity increments, and health status, may also
be obtained from the launch vehicle telemetry system.

At the eastern and western ranges, the electromagnetic environment to which the satellite is
exposed results from the operation of range radars and the launch vehicle transmitters and antennas.
The maximum RF environment at the launch site is controlled through coordination with the range
and with protective masking of radars. The launch pads are exposed to an environment of 20 V/m
at frequencies from 14 kHz to 40 GHz, and 40 V/m in the C and S-band frequencies used for
vehicle range tracking and telemetry. The RF levels have a minimum 6 dB margin. If reduced lev-

els are desired, they should be identified early in the integration process.
Table 4-3. Delta Il Transmitter Characteristics

Second-stage T/M radiation
characteristics

Third-stage T/M radiation
characteristics

Second-stage C-band beacon
characteristics

Transmitter

Nominal frequency 2241.5 MHz 2252.5 MHz 5765 MHz (transmit)
5690 MHz (receive)
Power output 2.0 W min 5.0 W min 400 W min
Modulation bandwidth +160 kHz at 20 dB +70 kHz at 20 dB 6 MHz at 6 dB
+650 kHz at 60 dB +250 kHz at 60 dB
Stability +67 kHz max +68 kHz max 3 MHz max
Antenna
Type Cavity-backed slot Circumferential belt Transverse slot, dipole loaded
Polarization Essentially linear parallel to Essentially linear parallel to Left-hand circular
booster roll axis booster roll axis
Location 316 deg (looking aft) Belt at Sta 438 153 deg (looking aft)
— Sta 559 — Sta 559
143 deg (looking aft) 306 deg (looking aft)
— Sta 559 — Sta 559
Pattern Nearly omnidirectional Nearly omnidirectional Nearly omnidirectional
Gain +2.35 dB max +3 dB max +6 dB max
002172.4
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The maximum allowable spacecraft radiated emissions at the spacecraft/vehicle separation plane
are provided in Figure 4-5. Spacecraft are permitted to radiate inside the fairing provided that the
emissions do not exceed the maximum level deemed safe for launch vehicle avionics and ordnance
circuits. The RF field strength inside the fairing is a function of the antenna’s gain, location, and
other physical characteristics of the spacecraft; and the RF properties of the fairing with the acoustic
blanket accounted for. Upon request, Boeing will calculate these levels as early as possible in the
integration process using spacecraft-supplied data, empirical and analytic formulas that account for
cavity resonances and other influencing factors if applicable. An RF compatibility analysis is also
performed to verify that the vehicle and satellite transmitter frequencies do not have interfering

intermodulation products or image rejection problems.

4.1.4 Electrostatic Potential

During ground processing, the spacecraft must be equipped with an accessible ground attach-
ment 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 spacecraft, at least 31.8 mm
(1.25 in.) above the separation plane. The vehicle/spacecraft interface provides the conductive
path for grounding the spacecraft to the launch vehicle. Therefore, dielectric coating should not be
applied to the spacecraft interface. The electrical resistance of the spacecraft to the payload attach
fitting (PAF) interface surfaces must be 0.0025 ohm or less and is verified during spacecraft-to-
PAF mating. (Reference MIL-B-5087B, Class R.)

4.1.5 Contamination and Cleanliness

Delta II payloads cleanliness conditions represent the minimum available. The following
guidelines and practices from prelaunch through spacecraft separation provide the minimum class
100,000 cleanliness conditions (per Federal Standard 209E):
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92.4 (Two-Stage Configuration)
408 MHz - 430 MHz (UHF)
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Figure 4-5. Maximum Allowable Payload Radiated Emissions at the Payload/
Launch Vehicle Separation Plane
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A. Precautions are taken during manufacture, assembly, test, and shipment to prevent contam-
inant accumulations in the Delta II upper-stage area, fairing, and PAF.

B. Encapsulation of the payload into the handling can is performed at the payload processing
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 environ-
mentally controlled conditions are available for all remote encapsulation facilities and include
SLC-17 and SLC-2. The handling can that is used to transport the payload to the white room pro-
vides environmental protection for the payload.

C. The fairing is cleaned using alcohol and then inspected for cleanliness prior to spacecraft
encapsulation. Six levels of cleanliness are defined below. The standard level for a typical mis-
sion is VC3. Other cleanliness levels are available but need to be coordinated with the Delta Pro-
gram Office. Table 4-4 provides MDA STP0407 visible cleanliness (VC) levels with their NASA
SN-C-0005 equivalency.

Table 4-4. Cleanliness Level Definitions

Boeing STP0407-0X NASA SN-C-0005
VC1 None
VC 2 VC Standard
VC3 VC Highly Sensitive
VC 4 VC Sensitive + UV (Closest equivalent. Boeing is more critical)
VC5 VC Highly Sensitive
VC6 VC Highly Sensitive + UV
VC7 VC Highly Sensitive + NVR Level A

002187.3

Cleanliness Level Definitions

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 dimen-
sion. Inspection operations shall be performed under normal shop lighting conditions at a maxi-
mum 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 dimen-
sion. Inspection operations shall be performed at incident light levels of 538.2 lux (50 foot-can-
dles [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
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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 dimen-
sion. This level requires no particulate count. The source of incident light shall be a 300-W explo-
sion-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 dimen-
sion. 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 cleanroom.

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 dimen-
sion. 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 eyewear 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 dimen-
sion. 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 cleanroom. 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.

D. Personnel and operational controls are employed during spacecraft encapsulation to main-
tain spacecraft cleanliness.

E. The customer may place a protective barrier (bag) over the spacecraft prior to encapsula-

tion in the handling can.

Pursuant to U.S. Department of State direction, this document is not 4 9
authorized for release to prohibited destinations identified in Section 126.1 -
of the International Traffic in Arms Regulations.

If you are unsure if a destination is identified as prohibited or would like a

listing of all prohibited destinations, please contact Delta Launch Services.

@ﬂaﬁ!ﬂs*



Delta Il Payload Planners Guide
MDC 00H0016

F. A contamination barrier (bag) is installed around the handling can immediately following
encapsulation operations. An outer bag is installed for transportation. A nitrogen purge is pro-
vided to the handling can during transport.

G. A payload environmental shroud can be provided in the white room for the spacecraft prior
to fairing installation. This shroud enables the spacecraft to be showered with class 10,000 fairing

air at the Western Range and class 5,000 at the Eastern Range.

4.2 LAUNCH AND FLIGHT ENVIRONMENTS
4.2.1 Fairing Internal Pressure Environment

As the Delta II vehicle ascends through the atmosphere, the fairing is vented through a
387.1-cm? (60-in.2) opening in the interstage and other leak paths in the vehicle. The
extremes of internal pressure during ascent are presented in Figure 4-6 for all Delta II vehi-
cles (79XX, 74XX, and 73Xx), including any dual-payload mission where a dual-payload
attach fitting (DPAF) is utilized. The maximum expected pressure decay rate inside the com-

partment is -0.6 psi/sec.

4.2.2 Thermal Environment
Prior to and during launch, the Delta II payload fairing and upper stages contribute to the ther-

mal environment of the spacecraft.
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Figure 4-6. Delta Il Payload Fairing Compartment Absolute Pressure Envelope
Pursuant to U.S. Department of State direction, this document is not 4_1 0

authorized for release to prohibited destinations identified in Section 126.1
of the International Traffic in Arms Regulations.

If you are unsure if a destination is identified as prohibited or would like a
listing of all prohibited destinations, please contact Delta Launch Services.

@EEEINE“’



Delta Il Payload Planners Guide
MDC 00H0016

4.2.2.1 Payload Fairing Thermal Environment. Upon PLF installation, air-conditioning
is provided at a typical temperature range as stated in Tables 4-1 and 4-2, depending on mission
requirements. Variations in temperature range can be accommodated and should be coordinated
with the Delta Program Office.

The ascent thermal environments of the Delta II fairing surfaces facing the payload, based on
historical flight data, are shown in Figures 4-7 and 4-8. Temperatures are provided for both the
payload fairing (PLF) conical section and the cylindrical section. PLF inboard-facing surface
emissivity values are also provided. All temperature histories presented are based on a worst-case
trajectory, ignoring expansion cooling effects of ascent.

The acoustic blankets provide a relatively cool radiation environment by effectively shielding
the spacecraft from ascent heating in blanketed areas. Figures 4-7 and 4-8 depict the areas of the
various Delta II fairings that are typically blanketed. There may be slight variations in blanket
coverage areas based on mission-unique requirements. Inclusion of an RF window in the 2.9-m
(9.5-ft) PLF conical section results in a local increase in acoustic blanket temperature inboard of
the RF window, as shown in Figure 4-7.

The fairing skin temperature is representative of the radiation environment to the spacecraft in
unblanketed areas such as the air-conditioning inlet door, unblanketed access doors, and blanket
cutout regions. Maximum skin temperatures are shown in Figures 4-7 and 4-8.

The 2.9-m (9.5-ft) fairing frame temperatures are somewhat less severe than skin temperatures.
Information regarding frame locations, exposure, and temperature history is available on request.

Unless otherwise requested, fairing jettison will occur shortly after the theoretical free molec-
ular heating for a flat plate normal to the free stream drops below 0.1 Btu/ft?-sec (1135 W/m?)
based on the 1962 U.S. standard atmosphere.

4.2.2.2 On-Orbit Thermal Environment. During coast periods, the 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 roll rate for thermal control is typically

between 1 and 3 deg/sec.

4.2.2.3 Payload/Launch Vehicle Interface. The customer is required to provide interface
geometry, thermal properties, and temperatures for the injection period assuming an adiabatic
interface. Boeing will provide launch vehicle interface temperatures based on payload interface

and preliminary mission analysis (PMA) or detailed test objective (DTO) sun-angle data.

4.2.2.4 Dual Payload Attach Fitting (DPAF) Thermal Environment. The DPAF is
encompassed by the 3-m (10-ft) composite fairing, and the initial internal DPAF thermal environ-

ment (until fairing separation) is based on the fairing environment as detailed in Section 4.2.2.1.
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The transfer orbit thermal environments of the Delta II internal DPAF surfaces are shown in
Figure 4-9. Maximum and minimum temperatures for the internal surface, based on worst-case
sun angles, are predicted for the time of fairing separation until DPAF separation. Mission-
specific temperatures will be determined based on PMA or DTO sun-angle data.

From the time of fairing separation to DPAF separation, the lower spacecraft will experience a

thermal radiation environment represented by the internal DPAF temperatures shown in Figure 4-9.

4.2.2.5 Third-Stage Induced Thermal Environments. The payload receives convective
heat energy from the third-stage spin rocket plumes during burn and radiant heat energy from the
third-stage motor plume during burn. The third-stage spin rocket plumes subject the spacecraft to
a maximum heat flux of 2840 W/m? (0.25 Btu/ft?-sec) at the payload/third stage separation plane
for the Star 48-B motor and 4771 W/m?2 (0.42 Btu/ft2-sec) for the Star-37FM. This heat flux is a
pulse of 1-sec duration.

The Star-48B third-stage motor plume subjects the payload to a maximum heat flux of 2044
W/m? (0.18 Btu/ft’-sec) during the 87-sec burn. Plume heat flux is plotted versus radial
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Figure 4-9. Predicted Maximum and Minimum Internal DPAF Temperature (Internal Emittance =0.71, 0.86)
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distance in Figure 4-10. The variation of the heat flux with time during third stage burn is
shown in Figure 4-11. The Star-37FM third-stage motor plume subjects the payload to a maxi-
mum heat flux of 3634 w/m? (0.32 Btu/ft? sec) during the 65-sec burn. Plume heat flux is plot-
ted versus radial distance in Figure 4-12. The variation of the heat flux with time during third-
stage burn is shown in Figure 4-13.

After third-stage motor burnout, the titanium motor case temperature rises rapidly, as shown in

Figures 4-14, 4-15, 4-16, and 4-17. The temperature history shown is the maximum expected

along the forward dome of the motor case and corresponds to both the Star-48B and Star-37FM
motors. Figure 4-14 corresponds to a 7925 Delta I1-class payload weight of 910 kg (2006 1b) and

greater. Figures 4-15 and 4-16 correspond to lighter payloads that produce a greater amount of
slag and result in greater titanium dome temperatures. Figure 4-17 corresponds to the Star-37FM,
and titanium dome temperature is not dependent on spacecraft weight. The external surface emis-
sivity for the Star-48B and Star-37FM motors is 0.34 and 0.2, respectively. Mission users should
contact the Delta Program Office for more detail.

The hydrazine thruster plume of the third-stage nutation control system (NCS) does not intro-
duce significant heating to the payload interface plane. Any appendages that protrude below the
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Figure 4-17. Star-37FM Motor Case Temperature

interface plane should be evaluated for proximity to the NCS thruster. Information regarding this
plume can be provided upon request.
4.2.3 Flight Dynamic Environment

The acoustic, sinusoidal, and shock environments provided in Sections 4.2.3.3, 4.2.3.4, and

4.2.3.5 are based on maximum flight levels for a 95th percentile statistical estimate.

4.2.3.1 Steady-State Acceleration. For the Delta 7320, 7420, and 7920 vehicles, the
maximum axial acceleration occurs at the end of the first-stage burn main engine cutoff
(MECO). For a three-stage Delta vehicle, the maximum steady-state acceleration occurs at the
end of third-stage flight for payloads up to 890.6 kg (1963 Ib) for the Star-48B and 610.0 kg
(1345 1b) for the Star-37FM. Above this weight, the maximum acceleration occurs at MECO. A
plot of steady-state axial acceleration at MECO versus payload weight is shown in Figure 4-18
and is representative for the acceleration at MECO for the 2.9-m (9.5-ft) fairing as well as the
standard and stretched 3-m (10-ft) fairings. Steady-state axial acceleration versus payload weight

at third-stage motor burnout is shown in Figure 4-19.

4.2.3.2 Combined Loads. Dynamic excitations, which occur predominantly during liftoff
and transonic periods of flight, are superimposed on steady-state accelerations 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
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Second-Stage Nominal 3-Sigma High
Payload Weight Acceleration (g) Acceleration (g)
(Ib) (kg) 9 g

500 226.8 7.604 7.837
1000 453.6 7.484 7.712
3000 1360.8 7.039 7.250
5000 2268.0 6.645 6.839
7000 3175.1 6.292 6.473
9000 4082.3 5.975 6.145

11000 4989.5 5.688 5.848

Figure 4-18. Axial Steady-State Acceleration at MECO vs. Payload Weight

dynamic characteristics and mass properties. To prevent dynamic coupling between the launch
vehicle and the spacecraft in the low-frequency range for the Delta 79XX configuration, the
spacecraft structure stiffness should have fundamental frequencies above 35 Hz in the thrust axis
and 15 Hz in the lateral axis while being hard-mounted at the separation plane (without compli-
ance from the PAF and separation clampband). For Delta 73XX or 74XX configurations the lat-
eral axis frequency of the spacecraft should be above 20 Hz. In addition, secondary structure
mode frequencies should be above 35 Hz to prevent undesirable coupling with launch vehicle
modes and/or large fairing-to-spacecraft relative dynamic deflections. The spacecraft design-
limit load factors presented in Table 4-5 are applicable for spacecraft meeting the above funda-
mental frequency criteria. For very flexible or lightweight spacecraft, the combined accelerations

and subsequent design-limit load factors could be higher than shown. The customer should
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500 226.8 13.262 14.469 500 226.8 15.34 16.72
1000 453.6 8.359 9.120 1000 453.6 10.29 11.22
1500 680.4 6.101 6.657 1500 680.4 7.72 8.42
2000 907.2 4.803 5.241 2000 907.2 6.17 6.73
2500 1134.0 3.961 4.321 2500 1134.0 5.14 5.60
3000 1360.8 3.370 3.676 3000 1360.8 4.40 4.80
3500 1587.6 2.932 3.199 3500 1587.6 3.85 4.20
4000 1814.4 2.595 2.831 4000 1814.4 3.43 3.74
4500 2041.2 2.327 2.539 4500 2041.2 3.08 3.36

Figure 4-19. Axial Steady-State Acceleration vs. Payload Weight at Third-Stage Burnout

Table 4-5. Payload Center-of-Gravity Limit Load Factors (g)
Payload weight

362.8-680.3 kg | 680.3-907.2 kg | 907.2-1134.0 kg | 1134.0-2268.0 kg | 2268.0-2812.2 kg|  2812.2 kg
(800-1500) Ib | (1500-2000) b | (2000-2500)Ib | (2500-5000)1b | (5000-6200) Ib (6200-)

Axial | Lateral | Axial | Lateral | Axial | Lateral | Axial Lateral | Axial | Lateral | Axial | Lateral
Liftoff/Aero +2.8/ +4.5 +2.8/ +4.0 +2.8/ +3.5 +2.8/ +3.0 +2.8/ +2.5 +2.8/ +2.0

-0.2 -0.2 -0.2 -0.2 -0.2 -0.2
MECO X+0.6 0.2 X+0.6 0.2 X£0.6 0.2 X+0.6 0.2 X£0.6 0.2 X+0.6 0.2
TECO Y 0.1 Y 0.1 Y 0.1 Y 0.1 Y 0.1 Y 0.1

Notes:

1. Positive axial denotes compression.

2. Lateral load factor provides proper bending moment at the spacecraft-to-launch-vehicle interface.

3. Refer to Figures 4-18 and 4-19 for 3-sigma steady-state axial accelerations for MECO and TECO.

4. Assumes that spacecraft meets minimum frequency guidelines specified in paragraph 4.2.3.2 and spacecraft center-of-gravity
(CG) offset from the vehicle centerline is less than 20.3 mm (0.8 in.)

5. TECO: Third-stage burn-out.
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consult the Delta Program Office so that appropriate analyses can be performed to better define

loading conditions.

4.2.3.3 Acoustic Environment. The maximum acoustic environment for the payload
occurs during liftoff and transonic flight. The duration of the maximum environment is less than
10 sec. The payload acoustic environment is a function of the configuration of the launch vehi-
cle, the fairing, and the fairing acoustic blankets. Section 3 defines the fairing blanket configura-
tions. Table 4-6 identifies figures that define the payload acoustic environment for several
versions of the Delta II. The maximum flight level payload acoustic environments for the blan-
keted region for different Delta II launch vehicle configurations are defined in Figures 4-20 and
4-21 based on typical spacecraft with payload bay fills up to 60%. Launch vehicles with pay-
load bay fills above 80% will experience approximately 1-1/2 dB higher levels. The overall
sound pressure level (OASPL) for each acoustic environment is also shown in the figures.

The acoustic environments shown here for missions with a 10-ft fairing also envelop those for
missions with a 10-ft-long (-10L) fairing or with a DPAF. The acoustic environment produces the
dominant high-frequency random vibration responses in the payload. A properly performed
acoustic test offers 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/space-

craft interface are generated by the Delta II launch vehicle; consequently, a random vibration

environment is not specified at this interface.

4.2.3.4 Sinusoidal Vibration Environment. The payload will experience sinusoidal vibra-
tion inputs during flight as a result of launch, ascent transients, and oscillatory flight events. The
maximum flight level sinusoidal vibration inputs are the same for all Delta II launch vehicle con-
figurations and are defined in Table 4-7 at the base of the payload attach fitting. These sinusoidal
vibration levels provide general envelope low-frequency flight dynamic events such as liftoff

Table 4-6. Spacecraft Acoustic Environment Figure References

Delta Il launch vehicle Fairing Fairing acoustic Spacecraft acoustic
configuration Mission type configuration blanket configuration environment

7320 Two-stage and three-stage |2.9-m dia (9.5-ft) dia |76.2-mm (3-in.) configuration |See Figure 4-20
7325, 7326
7425, 7426
7420
7920
7925, 7926

7320-10, -10L Two-stage and three-stage |3.0-m (10-ft) dia and |76.2-mm (3-in.) configuration |See Figure 4-21
7325-10, -10L 3.0-m (-10L)

7326-10, -10L stretched fairings
7420-10, -10L
7425-10, -10L
7426-10, -10L
7920-10, -10L
7925-10, -10L
7926-10, -10L
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} Frequency Stage | Stage | Stage | Stage
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S 7900 Three-Stage 500 126.5 140.5 126.5 140.5
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800 121.0 133.0 121.0 133.0
\ 1,000 117.0 131.0 117.0 131.0
1,250 114.5 130.5 114.5 130.5
100 1,600 112.0 130.5 112.0 130.5
2,000 109.5 128.5 109.5 128.5
2,500 108.0 127.0 108.0 127.0
3,150 106.5 127.0 106.5 127.0
4,000 104.5 125.0 104.5 125.0
90 5,000 104.0 124.0 104.0 124.0
31.5 63 125 250 500 1000 2000 4000 8000 6,300 103.0 120.5 103.0 120.5
One-Third Octave Center Frequency (Hz) 8,000 1025 | 1195 | 1025 | 1195
10,000 102.5 118.5 102.5 118.5
Note: 7300 vehicle configuration environments are 0.5 dB OASPL 139.8 146.6 138.9 146.2
lower than 7400 vehicle configuration environments Duration 10sec | 10sec | 10sec | 10sec

Figure 4-20. Predicted Delta Il Acoustic Environments for 9.5-ft Fairing Missions

transients, transonic/maximum Q oscillations, pre-MECO sinusoidal oscillations, MECO tran-
sients, and second/third-stage events.

The sinusoidal vibration levels in Table 4-7 are not intended for use in the design of spacecraft
primary structure; limit 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 secondary structure (e.g., solar arrays, antennae,
appendages) that may experience dynamic loading due to coupling with the 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

vehicle coupled dynamic loads analysis. (See Section 4.2.4.3.)

4.2.3.5 Shock Environment. The maximum shock environment at the PAF/spacecraft inter-
face occurs during spacecraft separation from the launch vehicle and is a function of the PAF/
spacecraft separation system configuration. Table 4-8 lists figures that define the shock environ-
ment at the spacecraft interface for various missions, PAF configurations, and types of separation

systems. Shock levels at the PAF/spacecraft interface due to other flight shock events, such as
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7900 Vehicle, Two-Stage and Three-Stage One-Third Octave
Center Frequency
Configuration | Configuration
130 7N 31 119.5 119.5
=== 3 40 122.5 122.5
< A 50 126.5 125.5
- * b\ 63 128.0 127.0
o 80 130.0 129.0
% 100 130.0 129.0
3 120 \ 125 130.0 129.0
i \ 160 130.5 129.5
g 200 131.5 130.5
2 . 250 132.5 131.5
o 7400 Vehicle, Two-Stage and Three-Stage 315 131.5 130.5
2 410 400 128.0 127.0
o
g 500 125.0 124.0
t?) 630 122.0 122.0
800 120.0 120.0
1,000 118.0 118.0
100 1,250 117.0 117.0
1,600 116.5 116.5
2,000 116.0 116.0
2,500 115.0 115.0
3,150 113.5 113.5
4,000 111.0 111.0
90 5,000 107.0 107.0
31 63 125 250 500 1000 2000 4000 8000 6,300 103.0 103.0
One-Third Octave Center Frequency (Hz) 8,000 100.0 100.0
10,000 98.0 98.0
Note: 7300 vehicle configuration environments are 0.5 dB OASPL 140.6 139.7
lower than 7400 vehicle configuration environments. Duration 5 sec 5 sec
Figure 4-21. Predicted Delta Il Acoustic Environments for 10-ft and -10L Fairing Missions
Table 4-7. 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 5to0 100 0.7 g (zero to peak)
002188.2
Table 4-8. Spacecraft Interface Shock Environment Figure References
Mission type | PAF configuration Spacecraft separation system type Spacecraft interface shock environment
Three-stage 3712A 939.8-mm (37-in.)-dia V-block clamp See Figure 4-22
3712B
3712C
3724C
Two-stage 6306 1600-mm (63-in.)-dia V-block clamp See Figure 4-23
Two-stage 6019 1752.6-mm (69-in.) dia See Figure 4-24
Three explosive separation nuts
Two-stage 6915 1524-mm (60-in.) dia See Figure 4-24
Four explosive separation nuts
Two-stage 5624 1422 .4-mm (56-in.)-dia V-block clamp See Figure 4-25
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stage separation, fairing separation, and engine ignition/shutdown, are not significant compared to
the spacecraft separation shock environment.
The maximum flight level shock environments at the PAF/spacecraft interface defined in

Figures 4-22,4-23. 4-24, and 4-25 are intended to aid in the design of spacecraft components and

secondary structure that may be sensitive to high-frequency pyrotechnic-shock. As is typical for
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 offers

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

4.2.4 Payload Qualification and Acceptance Testing

This section outlines a series of environmental system-level qualification, acceptance, and
protoflight tests for payloads launched on Delta II vehicles. The tests presented here are, by
necessity, generalized so as to encompass numerous payload configurations. For this reason, each
payload should be critically evaluated for its own specific requirements and detailed test specifi-
cations developed and tailored to its particular requirements. Coordination with the Delta Pro-
gram Office during the development of test specifications is encouraged to ensure the adequacy of
the payload test approach.

The qualification test levels presented in this section are intended to ensure that the payload

possesses adequate design margin to withstand the maximum expected Delta II dynamic
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Figure 4-22. Maximum Flight Spacecraft Interface Shock Environment 3712A, 3712B, 3712C
Payload Attach Fitting
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Figure 4-24. Maximum Flight Spacecraft Interface Shock Environment 6019 and 6915 Payload Attach Fitting
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Figure 4-25. Maximum Flight Spacecraft Interface Shock Environment 5624 Payload Attach Fitting

environmental loads, even with minor weight and design variations. The acceptance test levels
are intended to verify adequate spacecraft manufacture and workmanship by subjecting the flight
spacecraft to maximum expected flight environments. The protoflight test approach is intended
to combine verification of adequate design margin and adequacy of spacecraft manufacture and
workmanship by subjecting the flight spacecraft to protoflight test levels, which are equal to

qualification test levels with reduced durations.

4.2.4.1 Structural Load Testing. Structural load testing is performed by the user to demon-
strate the design integrity of the primary structural elements of the spacecraft. These loads are

based on worst-case conditions as defined in Sections 4.2.3.1 and 4.2.3.2. 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 spacecraft interface. The cus-
tomer shall consult the Delta Program Office before developing the structural load test plan and
shall obtain concurrence for the test load magnitude to ensure that the PAF will not be stressed
beyond its load-carrying capability.

When the maximum axial load is controlled by the third stage, radial accelerations due to spin
must be included. Spacecraft combined-loading qualification testing is accomplished by a static

load test or on a centrifuge. Generally, static load tests can be readily performed on structures
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with easily defined load paths, whereas for complex spacecraft assemblies, centrifuge testing may

be the most economical.

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

Section 4.2.3.3 are increased by 3.0 dB for spacecraft acoustic qualification and protoflight test-

ing. The acoustic test duration is 120 sec for qualification testing and 60 sec for
protoflight testing. 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 II launch vehicle configurations are defined in Tables 4-9, 4-10, and 4-11.

Table 4-9. Acoustic Test Levels, Delta Il, 2.9-m (9.5-ft)-dia Fairing,
Three-Stage Mission, 3-in. Blanket Configuration

7900 configuration 7400 configuration*®
One-third Acceptance Qualification Protoflight Acceptance Qualification Protoflight
octave center test levels test levels test levels test levels test levels test levels
frequency (Hz) (dB) (dB) (dB) (dB) (dB) (dB)
31.5 121.5 124.5 124.5 119.9 122.9 122.9
40 124 127 127 122.5 125.5 125.5
50 126 129 129 127 130 130
63 127 130 130 126.1 1291 1291
80 128.5 131.5 131.5 127.2 130.2 130.2
100 129 132 132 127.8 130.8 130.8
125 129.5 132.5 132.5 128.3 131.3 131.3
160 129.5 132.5 132.5 128.4 131.4 131.4
200 130 133 133 129 132 132
250 130 133 133 1291 1321 132.1
315 130 133 133 1291 1321 132.1
400 129.5 132.5 1325 128.2 131.2 131.2
500 127.5 130.5 130.5 126.5 129.5 129.5
630 125.5 128.5 128.5 124 127 127
800 124.5 127.5 127.5 121 124 124
1000 122 125 125 117 120 120
1250 119 122 122 114.5 117.5 117.5
1600 117.5 120.5 120.5 112 115 115
2000 116.5 119.5 119.5 109.5 112.5 112.5
2500 115.5 118.5 118.5 108 111 111
3150 114 117 117 106.5 109.5 109.5
4000 112.5 115.5 115.5 104.5 107.5 107.5
5000 110.5 113.5 113.5 104 107 107
6300 108.5 111.5 111.5 103 106 106
8000 107 110 110 102.5 105.5 105.5
10000 105.5 108.5 108.5 102.5 105.5 105.5
OASPL 140 143 143 138.9 141.9 141.9
Duration 60 sec 120 sec 60 sec 60 sec 120 sec 60 sec

*Note: 7300 configuration vehicle environments are 0.5 dB below 7400 configuration vehicle environments.
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Table 4-10. Acoustic Test Levels, Delta ll, 2.9-m (9.5-ft)-dia Fairing, Two-Stage Mission,
3-in. Blanket Configuration

7900 configuration

7400 configuration*

One-third Acceptance Qualification Protoflight Acceptance Qualification Protoflight
octave center test levels test levels test levels test levels test levels test levels
frequency (Hz) (dB) (dB) (dB) (dB) (dB) (dB)
31.5 121.5 124.5 124.5 119.9 122.9 122.9
40 124 127 127 122.5 125.5 125.5
50 127 130 130 127 130 130
63 127.5 130.5 130.5 126.1 1291 1291
80 128.5 131.5 131.5 127.2 130.2 130.2
100 129.5 132.5 132.5 128.3 131.3 131.3
125 130.5 133.5 133.5 129.3 132.3 132.3
160 131 134 134 129.9 132.9 132.9
200 132 135 135 131 134 134
250 133 136 136 1321 135.1 135.1
315 135 138 138 1341 1371 1371
400 139 142 142 138.2 141.2 141.2
500 140.5 143.5 143.5 140.5 143.5 143.5
630 138 141 141 138 141 141
800 133 136 136 133 136 136
1000 131 134 134 131 134 134
1250 130.5 133.5 133.5 130.5 133.5 133.5
1600 130.5 133.5 133.5 130.5 133.5 133.5
2000 128.5 131.5 131.5 128.5 131.5 131.5
2500 127 130 130 127 130 130
3150 127 130 130 127 130 130
4000 125 128 128 125 128 128
5000 124 127 127 124 127 127
6300 120.5 123.5 123.5 120.5 123.5 123.5
8000 119.5 122.5 122.5 119.5 122.5 122.5
10000 118.5 121.5 121.5 118.5 121.5 121.5
OASPL 146.6 149.6 149.6 146.2 149.2 149.2
Duration 60 sec 120 sec 60 sec 60 sec 120 sec 60 sec

*Note: 7300 configuration vehicle environments are 0.5 dB below 7400 configuration vehicle environments.
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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 OASPL should be maintained within +3 dB and

-1 dB of the nominal overall test level.

4.2.4.3 Sinusoidal Vibration Testing. The maximum flight-level sinusoidal vibration

environments defined in Section 4.2.3.4 are increased by 3.0 dB (a factor of 1.4) for spacecraft

qualification and protoflight testing. For spacecraft 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 acceptance, qualification, and protoflight test levels for
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Table 4-11. Acoustic Test Levels, Delta Il, 3.0-m (10-ft)-dia Fairing,
Two- and Three-Stage Missions, 3-in. Blanket Configuration

MDC 00H0016

7900 Configuration

7400 Configuration*

oc?anvee t:eI:;:er Acceptancetest | Qualification Protoflight test | Acceptancetest | Qualification Protoflight test
frequency levels test levels levels levels test levels levels
(Hz) (dB) (dB) (dB) (dB) (dB) (dB)
315 119.5 1225 122.5 119.5 122.5 1225
40 122.5 125.5 125.5 122.5 125.5 125.5
50 126.5 129.5 129.5 125.5 128.5 128.5
63 128 131 131 127 130 130
80 130 133 133 129 132 132
100 130 133 133 129 132 132
125 130 133 133 129 132 132
160 130.5 133.5 133.5 129.5 132.5 132.5
200 131.5 134.5 134.5 130.5 133.5 133.5
250 132.5 135.5 135.5 131.5 134.5 1345
315 131.5 134.5 134.5 130.5 133.5 133.5
400 128 131 131 127 130 130
500 125 128 128 124 127 127
630 122 125 125 122 125 125
800 120 123 123 120 123 123
1000 118 121 121 118 121 121
1250 117 120 120 117 120 120
1600 116.5 119.5 119.5 116.5 119.5 119.5
2000 116 119 119 116 119 119
2500 115 118 118 115 118 118
3150 113.5 116.5 116.5 113.5 116.5 116.5
4000 111 114 114 111 114 114
5000 107 110 110 107 110 110
6300 103 106 106 103 106 106
8000 100 103 103 100 103 103
10000 98 101 101 98 101 101
OASPL 140.6 143.6 143.6 139.7 142.7 142.7
Duration 60 sec 120 sec 60 sec 60 sec 120 sec 60 sec
*Note: 7300 configuration acoustic environments are 0.5 dB below 7400 configuration environments.
002181.4

all Delta II launch vehicle configurations are defined in Tables 4-12. 4-13, and 4-14 at the base of

the payload attach fitting.

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 minute. For spacecraft

acceptance and protoflight testing, the test consists of one sweep through the specified frequency

range using a logarithmic sweep rate of 4 octaves per minute. 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 laboratory shaker, 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
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Table 4-12. 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 5to0 100 0.7 g (zero to peak) 4 octaves/min
002190.2
Table 4-13. 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 t0 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)
002191.2
Table 4-14. 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
7.4t0 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)

002192.2
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 frequencies.
The response levels experienced by the spacecraft at these fundamental frequencies during 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 spacecraft/launch vehicle
dynamic coupling.

Where it can be shown by a spacecraft launch vehicle coupled-dynamic-loads analysis that the
spacecraft or PAF/spacecraft assembly would experience unrealistic response levels during test,
the sinusoidal vibration input level can be reduced (notched) at the fundamental resonances of the
hardmounted spacecraft or PAF/spacecraft assembly to more realistically simulate flight loading
conditions. This has been accomplished on many previous spacecraft in the lateral axis by corre-
lating 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 (1) introducing a nar-
row-band notch into the sinusoidal vibration input program or (2) controlling the input by a servo
system using a selected accelerometer on the spacecraft as the limiting monitor. A redundant
accelerometer is usually used as a backup monitor to prevent shaker runaway.

The Delta II program normally conducts a spacecraft/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
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moment is limited to protect the payload attach fitting, which is designed for a wide range of space-
craft configurations and weights. Before developing the sinusoidal vibration test plan, the customer
should consult the Delta Program Office for information on the spacecraft/launch vehicle coupled-
dynamic-loads analysis for that special mission or similar missions. 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 II flight configuration PAF/spacecraft separation system and PAF structure with
functional ordnance devices. Spacecraft 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 performed in a similar manner by activating

the PAF/spacecraft separation system once.

4.2.5 Dynamic Analysis Criteria and Balance Requirements

Standard payload separation attitude and rate dispersions are shown in Table 4-15. Dispersions
are defined for each vehicle configuration and consist of all known error sources. Dispersions are
affected by spacecraft mass properties and CG offsets. Mission-specific attitude and rate disper-

sions are defined in the payload/expended stage separation analysis.

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

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

Balance Requirements. For nonspinning spacecraft, there is no dynamic balance constraint,
but the static imbalance is constrained due to launch vehicle controllability and structural load-

ing, directly influencing the spacecraft angular rates at separation. When there is a separation

Table 4-15. Standard Payload Separation Attitudes/Rates

Payload separation attitude and rate dispersions (3-c values)
Attitude Rate Momentum
Configuration Spinning PAF (deg) (dps) vector Cone angle
Two Stage No 6306, 6019, <3.0 <0.25 (/axis) — —
6915(1)
5624, 6915(2), <0.70 <3.0 (trans), — —
DPAF <1.0 (roll)
Upto 5 rpm 5624, DPAF — — <5.0 deg <5.0 deg
(x1 deg/sec)
Three Stage Up to 100 rpm 3712, 3724 — — <10.0 deg <6.0 deg
(£15%)
Despun 3712, 3724 <10.0 <7.0 (trans) — —
(0 £5 rpm)

Note: Attitude/momentum vector pointing dispersions for two-stage missions are defined with respect to the customer-specified sep-
aration attitude. Attitude/momentum vector pointing dispersions for three-stage missions are defined with respect to the orientation

of the third-stage centerline prior to spin-up/separation from the second stage.
(with secondary latch system

(2)without secondary latch system
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tipoff constraint, the spacecraft CG offset must be coordinated with the Delta Program Office for

evaluation.

Two-Step Separation System. For missions in which there is a critical constraint on sepa-
ration tipoff angular rate, a two-step (secondary latch) separation system can be employed. The
6306, 6019, and 6915 PAFs support secondary latch systems. The second stage and spacecraft are
held together by loose-fitting latches following primary separation of the nuts and bolts or clamp-
bands. After a sufficient time (30 sec) for the angular rates to dissipate, the latches are released and

the second-stage retro thrust provides the required relative separation velocity from the spacecraft.

Second-Stage Roll Rate Capability. For some two-stage missions, the spacecraft may
require a low roll rate at separation. The Delta II second stage can command roll rates up to 5 rpm
(30 deg/sec) using control jets. Higher roll rates are also possible; however, accuracy is degraded
as the rate increases. Roll rates higher than 5 rpm (30 deg/sec) must be assessed relative to spe-
cific spacecraft requirements. Significantly higher roll rates may require the use of a spin-table

assembly.

4.2.5.2 Three-Stage Missions. Three-stage missions employ a spin-stabilized upper stage.
The spin table, third-stage motor, PAF, and spacecraft combination are accelerated to the initial
spin rate prior to third-stage ignition by the activation of two to eight spin rockets mounted on the

spin table. Two rocket sizes are available to achieve the desired spin rate.

Spin Balance Requirements. To minimize the cone angle and momentum vector pointing
error of the spacecraft/third-stage combination after second-stage separation, it is necessary that
the imbalance of the spacecraft alone be within specified values. The spacecraft should be bal-
anced to produce a 3-6 maximum CG within 1.3 mm (0.05 in.) of the centerline, and a 3-G maxi-
mum principal axis misalignment of less than 0.25 deg with respect to the centerline. The
spacecraft centerline is defined as a line perpendicular to the separation plane of the spacecraft
that passes through the center of the theoretical spacecraft/PAF diameter (refer to Section 5).

A composite balance of the entire third-stage/spacecraft assembly is not required. It has been
shown analytically that the improvements derived from a composite balance were generally small
and do not justify the handling risk associated with spacecraft spin balance on a live motor.

For most spinning spacecraft, it has been demonstrated that the static and dynamic balance lim-
its defined herein can be satisfied. For missions where such a constraint may be difficult to sat-
isfy, the effects of broadened tolerances are analyzed on a per-case basis.

The angular momentum/velocity pointing errors and cone angle are highly dependent upon the
spacecraft spin rate, CG location, moments and products of inertia, NCS operation during upper-

stage motor burn and coast periods, and the spacecraft energy dissipation sources. The Delta
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Program Office, therefore, should be consulted if the above constraints cannot be met. Pointing

errors and cone angles are estimated as required for the mission-specific spacecraft characteristics.

Spin Rate Capability. Spin-up of the third stage/spac