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FOREWORD

This final report was prepared by McDonnell Douglas Astronautics Company-East
(MDAC-L) for NASA Ames Research Center Contract NAS2-8678, Planetary/Dol Entry
Technology Flight Experiments. It covers the period 1 April 1975 o 29 February
1976. This effort was performed for the National Aercnautics and Space Adminis-
tration, Ames Research Center, under the direction of the Thermal Protection Branch
with Dr. Phillip R. Nachtsheim as Contract Technical Monitor and with the coopera-
tion of Capt. R. J. Callahan of SAMSO and R. C. Loesch of Aerospace Corporation as

advisors for the DoD portion of the study.

Special acknowledgements are in order to Duane Dugan of Ames Research Center
and Ray Holland of the Massachusetts Institute of Technology/Lincoln Labs for
their assistance in providing data for this study. Major contributors from MDAC-E
included Messrs. H, E. Hcmmes, L. J, Mockapetris, C. D. Poore, and J. L. Sedwick.

The report consists of four volumes:

Volume I ~ Executive Summary

Volume II -~ Planetary Entry Flight Experiments
Volume III - Planetary Entry Flight Experiments Handbook
Volume IV - DoD Entry Flight Experiments

i
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ABSTRACT

The objective of the DoD Entry Technology Flight Experiments studv was to
assess the feasibility of using the Shuttle to deploy DoD Entry Technology Flight
Experiments. The key questions address by this study were:

1) What are the DoD needs for the 1980's?

2) How can Shuttle be used to fulfill these DoD needs?

3) What modifications to DoD testing procedures are required to use Shuttle?

4) What modifications to Shuttle are required to accommodate DoD missions?

5) What unique capabilities does Shuttle provide ror DoD testing?

The major conclusion of this study is that Shuttle can provide unique simula-
tion capability for DoD reentry vehicle experiments. Shuttle launches from either
KSC or VAFB into a nominal 160 NMI circular orbit can provide DoD payload impact
at Kwajalein, Poker Flat or Hawaii. The KREMS radars at KMR can track and record
reentries from Shuttle deployed experiments approaching from the Southwest. As
a consequence, data will be of the same type, amount, and quality as that
currently acquired from a VAFB to KMR launch into the northeast corridor at KMR.
Shuttle deployed payloads can provide simulation of 1500-7100 NMI trajectories,
high velocity (25 kft/sec) - shallow flight path angle (-5 deg) reentries, multiple
payloads for Site Defense Radars, and overland terminal trajectories into Poker
Flat, Alaska. There are certain DoD missions for which Shuttle is not well suited.
These are the low velocity (20 kft/sec) - steep flight path angle (-40 deg or greater)
reentries and eastern approaches to KMR. A payload deployment system (PDS) is
required to deorbit payloads from Shuttle orbit. The preferred PDS consists
of a liquid propellant booster, spin separation and attachment system, and the RV's.
Use of an existing booster and a proven spin separation system minimizes development
cost and risk of the PDS. For most of the DoD missions less than half of the
Shuttle payload bay is required by the PDS. Improvements in the pavload to Shuttle
RF link and new procedures to provide tracking during PDS burns are needed. Pre-
deployment checkout of the PDS will require either a separate onboard checkout
console or data transmittal to the ground via one of Shuttle's wide band data links.
Shuttle costs over and above traditional ground launches will involve primarily the
communications aspects of the missions, i.e., checkout console, satellite o: ship
coverage during PDS burns, and special PDS equipment to interface with Shuttle data
links. In general, the Shuttle can provide the DoD with unique simulation capability

to meet their needs of the 1980's.
v
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GLOSSARY
ARPA-Lincoln, C-band observables radar (C-band radar KREMS)
ARPA-Long Range Tracking and Instrumentation Radar (UHF/VHF radar at
KREMS)
Advanced Research Projects Agency
Broad ocean areas
Large upper stage that provides initial thrust after the PDS has been
deployed from Shuttle, e.g., Transtage, Delta, Centaur, Agena, Burner II
The term bus is used in two ways:
1) Synonymous to the Deployment Bus in Reference 3, used as a second

stage for spacing RV's

2) Minibus used as primary stage for low AV missions
Eastern test range
Interim Upper Stage
Kwajalein missile range
Kiernan reentry measurements site
Kennedy Space Center
A class of buses that fit compactly inside the Shuttle cargo bay
A minibus constructed using Shuttle orbital maneuvering system (OMS)
components
A minibus constructed using Shuttle Reaction Control System (RCS)
components
Payload Deployment System is the Shuttle deployed paylocad. The assembly
of a booster and/or bus, plus spin separation system plus RV's
Penetration aid
Reentry Vehicle
Strategic Air Force Systems Command
Space and Missiles Study Organization
Site defense radar
Space Shuttle
Solid rocket motor IUS
Target Resolution and Discrimination Experiment (S-band radar at KREMS)
Same operational characteristics as the Representative IUS described
in Reference 3
Vandenberg Air Force Base

Western test range

vi
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1.0 INTRODUCTION

The objective of the Dol Entry Technology Flight Experiments study was to
assess the feasibility of using the Shuttle to deploy DoD Entry Technology Flight
Experiments, It is timely to evaluate Shuttle's capability to do the type of test-
ing that our Department of Defense has been engaged in for many years, Such test-
ing will continue to have high priority as the state orf the art expands in nose tip
technology, heat shields, maneuvering veentry vehicles, terminal guidance, environ-
ment survivability provisiocns, penetration aids, multiple reentry vehicle deploy-
ment, and discrimination technology. Examples of how Shuttle may be of benefit
include: (a) providing unique capability not available in ground launch systems,
(b) targeting flexibility for investigating reentry into adverse atmospheric environ-
ments (rain, ice, snow), and (c) the cost effectiveness potential of conducting
numerous experiments with a single launch. In addition, the Yardley/Lebarge accord,
Reference 1, on the use of Shuttle establishes the basis for the Shuttle replacing
most of the ground launch systems in the late 1980's.

This study was task oriented and the study flow is shown in Figure 1. The
identification of DoD needs was a data collection task which was then summarized
in the form of simulation requirements. Simulation requirements defined the entry
vehicles, test operations, and scenarios which were postulated for the 1980's DoD
testing. In parallel to these tasks, information on the available boosters and
their characteristics was collected. A delivery strategy analysis defined both the
characteristics of booster burns required to deorbit payloads and the Shuttle
orbital parameters. These data coupled with the booster capabilities
served as inputs to a delivery system sizing and performance estimate. The delivery
system sizings then were used to develop in detail the designs and interfaces. The
analyses of the communications,accuracy, range safety, servicing, and cost aspects
of the missions provided the detailed data to define the feasibility of doing
specific missions,

The key questions address by this study were:

1) What are the DoD entry test needs for the 1980's?

2) How can Shuttle be used to fulfill these DoD needs?

3) What modifications to DoD testing procedures are required to use Shuttle?

4) What modifications to Shuttle are required ro accommodate DoD missions?

5) What unique capabilities does Shuttle provide for DoD testing?
By completing the tasks identified in Figure 1, these questions were answered,
The following summary provides a brief description ol the direction and conclusions

of this study, |
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DoD ENTRY TECHNOLOGY FLIGHT EXPERIMENTS STUDY FLOW

IDENTIFICATION
OF DOD NEEDS

1

SIMULATION | DELIVERY STRATEGY
REQUIREMENTS | ANALYSIS
L
DELIVERY SYSTEM BUS DESIGN &
}——! SIZING & PERFORMANCE ”| VEHICLE INTERFACE
BOOSTER '
AVAILABILITY
& C‘:\PABILIT\' 1 —>|_COMPMMUNICATIONS |
1 ANALYSIS OF SPECIIC
A M:sssosis’ o DELIVERY SYS1eM
ACCURALY

——»|  RANGE SASTIY

! PAYLOALR SERVICING |

——» COST {

FIGURE 1

2

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY » EAST



VOL IV DOD ENTRY FLIGHT EXPERIMENTS REPORT MDC E1415
29 FEBRUARY 1976

2.0 SUMMARY

The major conclusion of this study is that Shuttle can provide unique simula-
tion capability for DoD reentry vehicle experiments. The areas of uniqueness are
listed in Figure 2 for the typical DoD experiment mission shown in Figure 3., The
Shuttle can be launched from either KSC or VAFB, is an orbiting launch platform,
has a high weight payload capability, and can provide payload impact at Kwajalein
Poker Flat and broad ocean areas. These conclusions were supported through the
completion of the tasks identified in Figure 1.

The identification of DoD entry vehicle test needs for the 1980's was accom-
plished through interface meetings with SAMSO/Aerospace on several occasions. As
a result, Reference (2) was issued to guide the initial assessment of the feasi-~
bility of using Shuittle to perform DoD missions, Further discussions led to a SAMSO
letter, Reference (3), which described specific mission scenarios capitalizing on
the unique capabilities of Shuttle.

Simulation requirements which resulted from this list of needs included the
categories of:

Reentry Vehicle

1) Geometry

2) Serxrvice

3) Nuclear Safety (Radioactive sensors)
4) Test and Monitoring

5) Security

Test Operation

1) Shuttle Crew Activities
2) Communication Between Shuttle and DoD Test Director
3) Data Communications
4) Shuttle Data Acquisition of DoD Experiments
5) Abort Capability
Deployment
1) Range Safety and Debris
2) Weather and Ground Sensor
Scenario
1) Number of vehicles
2) Spacing of vehicles

3) Impact area

3
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UNIQUE SHUTTLE REENTRY SIMULATION CAPABILITY

e SIMULATION OF 1500-7100 NMI TRAJECTORY
e SIWULATION OF HIGH VELOCITY (25 KFT/SEC) TRAJECTORIES
e SIMULATION OF FLAT REENTRIES (LOW ENTRY ANGLES)
e MULTIPLE PAYLOADS
— RV'S
— BUSES
— SITE DEFENSE RADAR TARGETS
e IMPACT AREA SELECTION FLEXIBILITY
— WEATHER EFFECTS
— TERMINAL GUIDANCE OVER LAND

— RANGE SAFETY PROBLEMS REDUCED

FIGURE 2
4
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TYPICAL DOD EXPERIMENT MISSION
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FIGURE 3
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The next phase of the study established how well Shuttle could mect these
requirements.

As a result of considering payload impact at KMR, a major study cunclusion
resulted, i.e., that the KREMS radars at KMR can be used to track and ::cord
reentries from Shuttle deployed experiments. As a consequence, the same type,
amount, and quality of data can be acquired as is currently acquired from a VAFB
to KMR laui. h into the northeast corridor at KMR.

Several delivery strategies were developed to investigate the trajectory
shaping required to place multiple Shuttle payloads on a ballistic reentry trajec-
tory to a precise impact point such as KMR. The types of booster burns, their loca-
tions on the Shuttle orbit and magnitudes were established. A preferred paylcad
deorbit procedure was developed. This strategy, describ:d in Figure 4, involves
deploying the PDS from Shuttle in a 160 NMI circular orbit; the PDS then performs
a plane change maneuver to target it for the impact point; a deorbit burn is then
made to place the PDS on a ballistic reentry trajectory; spacing burns follow to
provide the desired payload spacing at the pierce point.

Using this strategy, the Shuttle has unique capability to provide high velocity
shallow flight path angle reentries., Because the Shuttle is in a circular orbit
with velocities near 25 kft/sec, it takes little booster energy to deorbit a payload
from the Shuttle crbit at these velocities and shallow flight path angles. Accuracy
of the pierce point location does suffer, however, because of tracking errors in
Shuttle location and velocity. The uncertainty of downrange Shuttle v:locity is
the major contributor to range dispersions at the pierce point.

Because of the potential for a large number of burns and payloads, the PDS
function is best served by a liquid propellant booster. The preferred PDS consists
of a booster, spin separation and attachment system, and the RV's, Us2 of an exist-
ing booster and a proven spin separation system minimizes development cost and risk
of the PDS. 1In special cases requiring only one large AV deorbit burn, a solid rocket
motor booster suffices, Considerably smaller boosters made up of Shuttle RCS
components more efficiently perform the function of the PDS booster fcr many of
the low AV mirsicnas.

In parallel with establishing the mission strategies and PDS designs, communi-
cation coverage for telemetry, tracking, and commands was defined. Multiple telem—
ctry system interfaces, including several options, were investigated. These inter-

faces included:

6
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SHUTTLE/PDS MANEUVER STRATEGY STUDIES
HAVE IDENTIFIED UNIQUE CAPABILITIES

DEORBIT

e ALLOWS TRAJECTORY
RANGE SIMULATIONS
OF 1500-7100 NMI

PLANE CHANGE PAYLOAD SPACING
WINDOW FOR APPROACH TO KMR r"~~\
3 MINIMUM OUYT OF PLANE 1V R/V2 sumv.?i:;
SEPARATION ~& ——

ALTITUDE — 160 NV s
KSC L..UNCH BURNZ2 ;&

e
P}
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e PROVIDES FULL KREMS POINT
COVERAGE
o PROVIDES MULTIPLE PASS o IMPROVES UPON MULTIPLE
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FIGURE 4
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a. Shuttle to ground

b. Payload to Shuttle

c. Payload to ground

d. Paylcad to satellite
Specific equipment and procedures requiring modification were identified as a result
of this effort and are outlined in Figure 5. Improvements in the Payload to Shuttle
RF link and new procedures to provide tracking during PDS burns were identified., If
available Shuttle equipment is to be used for payload checkout, then the maximum
data rate from each payload is limited. Where higher payload data rates are neces-
sary, checkout will require eitner a separate onboard checkout console or the data
must be transmitted to the ground via one of Shuttle's wide band data links.

Complete range safety studies are required before the range safety problems of
Shuttle payload deployment can be fully assessed. In many situations, PDS burns are
made with no ground coverage, and payloads are reentered over areas which have not
been considered in previous range safety analyses., Specific mission analyses estab-
lished firmly the capability of Shuttle to deliver DoD payloads at KMR for either
the KREMS radars or Site Defense Radar and at Poker Flat. Complete range safety
analyses are needed for each of these missions.

The cost analysis included cost estimates of Shuttle borne checkout and ser-
vicing equipment for DoD payloads and for any hardware or software item or service
peculiar to Shuttle launched entry technology missions as compared to ballistically
launched missions. Shuttle costs over and above traditional ground launches will
involve primarily the communications aspocts of the missions, i.e., checkout con-
sole, satellite or ship coverage during PDS burns, and special PDS equipment to
interface with Shuttle data links.

This study demonstrated that Shuttle can perform the DoD missions of the 1980's
and provide unique capabilities for high velocity-shallow flight path angle reentries
at KMR and Poker Flat. The fo'lowing text provides the detailed study approach and

results which led to this conclusion,

8
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SUMMARY OF COMMUNICATION SYSTEM CAPABILITY
FOR DOD TECHNOLOGY

COMMUNICATION LINKS

PLANNED

HUTTLE TO GROUND

ADDITIONAL NEEDS

S-8BAND DIRECT
S-BAND VIA SATELLITE
Ku-BAND VIA SATELLITE

———

ﬁuoms) TO SHUTTLE
PRE-SEPARATION

POST-SEPARATION

9 DATA INTERFACES
16 KBPS TO 50 MBPS
2 COMMAND INTERFACES

1 DATA RF LINK | @K l
16 KBPS AANGE
1 COMMAND RF LINK |

MULTIPLE PAYLOAD DATA LINKS OR HIGH DATA
RATE PER PAYLOAD WiLL REQUIRE OPERATION
AND CHECKOUT CONSOLE ON SHUTTLE

NEED HIGHER DATA RATE FOR ADEQUATE
MONITORING AND NEED GREATER RANGE.
REQUIRES IMPROVED SHUTTLE RECEIVER AND
ANTENNA.

PAYLOAD(S) TO GROUND

S TO 8 WATT S-BAND
TRANSMITTERS AND OMNI
ANTENNAS PROVIDE

S000 KM RANGE v’

NONE - SOME TARGET AREAS MAY NEED
SUPPLEMENTING WITH SHIPS OR AIRCRAFT.

PAYLOAD(S) TO
SATELUITE

20 TO 50 WATT TRANSMITTERS
PLUS STEERABLE ANTENNA
PROVIDE MINIMUM MARGIN

USE OF TDRSS NEEDS MORE STUDY. POWER AND
WEIGHT PENALTIES MAY EXCEED BENEFITS.

|MISSION CONTROL

SCF GROUND STATIONS
PROVIDE SGLS RANGING.
C-BAND TRACKING FROM
KMR, VAFB. HAWAI OR SHIPS.
GLOBAL POSITIONING

SATELLITE SYSTEM.

FOR SOME TRAJECTORIES AND TARGETS, GROUND
TRACK IS INADEQUATE. SHUTTLE TRACKING IS
RANGE LIMITED (560 KM). GLOBAL POSITIONING
SYSTEM MAY BE ONLY SOURCE OF INFORMATION.

3” RECOMMENDED FOR DOD USE

9
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3.0 ESTIMATED DOD NEEDS

The identification of DoD entry vehicle test needs for the 1980's was accom-
plished through interface meetings with SAMSO/Aerospace on several occasions., As
a result, Reference (2), describing estimated DoD needs for the 1980's was pub-
lished by SAMSO. This document served to guide the initial assessment of the
feasibility of using Shuttle to perform DoD missions. Once the initial feasibility
assessment was completed, further discussions led to the publication of Reference
(3), which described specific mission scenarios capitalizing on the unique capabil-
ities of Shuttle. This letter served to guide the final study phase efforts and
resulted in the analysis of specific missions described in Section 16.

In the following write-up, the contents of the first SAMSO document, Reference
{2), are briefly described in Section 3.l. Because the document is classified, the
reader is referred to the reference for specific information. The contents of the
second SAMSO document are described in detail in Section 3,2.

3.1 Projected Missions - The following categories of DoD estimated needs are

defined in Reference (2):

Reentry Vehicle

1) Geometry
2) Service
3) Nuclear Safety (Radioactive sensors)
4) Reentry Vehicle Test and Monitoring
5) Security

Test Operation

1) Shuttle Crew Activities
2) Communication Between Shuttle and DoD Test Director
3) Data Communications
4) Shuttle Data Acquisition of DoD Experiments
5) Abort Capability
Deployment
1) Range Safety and Debris
2) Weather and Ground Sensor
A list of eight reentry vehicle deployment scenarios was provided to serve as a
baseline to determine compatibility with the Shuttle.
Several general DoD groundrules described in Reference (2) included: (1) pay-

loads would be delivered to the pierce point (300 kft) with the DoD specified reentry

10
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conditions, Acceptable ranges for these parameters are given in Figure 6. There-
fore, the atmospheric portion of reentry would be identical to that of a ground
launch payload. This allows scme flexibility in shaping the exoatmospheric portion
of the trajectories. (2) The reentry vehicles and their onboard experiments would
be identical to ground launch versions, This results in a wide range of instru-
mentation and experiments, described briefly in Figures 7 and 8. Shuttle capabil-
ity to provide the telemetry channels and checkout facilities, therefore, is a
primary consideration. Although specific reentry vehicle geometries are not
identified, the geometries shown in Figure 9, were selected as typical and used
throughout the study, (3) Three impact areas were desirable., These included
Kwajalein, a broad ocean area, and an undisclosed land area. Later the broad ocean
area was selected as Hawaii and the land area as Poker Flat, Alaska, Figure 10 sum~
marizes the status, instrumentation and restrictions for these areas.

With these needs defined, Shuttle's capability to meet them was investi-
gated. As Shuttle unique capabilities become better defined, a second set of
DoD needs was developed to take advantage of these qualities,

3.2 Specific Mission Scenarios -~ Reference (3) documents the second genera-

tion ground rules which evolved from the initial feasibility assessment. A booster
was selected for the purpose of evaluating a wide range of desirable missions and
six specific missions. The booster was referred to as a rep:resentative IUS,

The booster corresponded to the Transtage and was assumed to have the following

characteristics:
ISP 301.3 sec
Usable propellant weight 23032 1b
Burnout weight 3751 1b
Length 178 in
Diameter 10 ft

Of particular interest during this phase of the study, was the high speed
reentry at 25,000 ft/sec. To develop the total capability of Shuttle with Transtage
a parametric was requested in which payload weight and number, and flight path angle
were varied, The output of this parametric would be length, weight and specific
impulse required for the payload delivery system as well as the sizing algorithms
used for length and weight, These results are discussed in Section 9,

In addition specific missions described in Figure 1l were requested. Case 1
is a baseline for comparison with typical ground launch trajectories. Cases 2

through 5 take advantage of the high velocity-shallow flight path angle Shuttle
11
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DoD PROJECTED REENTRY CONDITIONS FOR 1980's TESTING

INDIVIDUAL PAYLOAD WEIGHT:
REENTRY VELOCITY:

REENTRY FLIGHT PATH ANGLE:
RV LENGTH:

RV MAXIMUM DIAMETER:
NUMBER OF PAYLOADS:
SPACING AT PIERCE POINT:

30-3500 LB
20,000-25,000 FT/SEC
-5 - -60 DEG

30 - 160 IN.

9 - 50 IN.

1-8

0 - 90 SEC

FIGURE 6

TYPICAL DOD REENTRY VEHICLE INSTRUMENTATION

TYPE

WO ¢ N O Ot oW N -
. . . . . . .

1.
1e.
13.

THERMOCOUPLES

RADIOACTIVE ABLATION SENSORS
PRESSURE TRANSDUCERS

VIBRATION AND ACOUSTIC SENSORS
RATE GYROS AND ACCELEROMETERS
MAGNETOMETER
RADIOMETERS/SPECTROMETERS
ELECTROSTATIC PROBES

RF REFLECTOMETERS

MISCELLANEQUS SIGNALS
S-BAND TELCMETRY

C-BAND BEACON
HYDROMETEOR IMPACT PLUG

EXPERIMENTAL SUPPORT

HEAT SHIELD/NOSE TIP PERFORMANCE

HEAT SHIELD/NOSE TIP RECESSIOMN

ACRODYNAMIC PERFORMANCE

BOUNDARY LAYER TRANSITION/VEHICLE PERFORMANCE
VEHICLE DYNAMICS

VEHICLE ROLL RATE

PLASMA ARD WAKE OBSERVABLES

BOUNDARY LAYER PLASMA/OBSERVABLES

TELEMETRY PERFORMANCE/BOUNDARY LAYER
PLASMA/OBSERVABLES

SUBSYSTEM PERFORMANCE/EVENT MONITORS
ALL

RADAR ACQUISITION AND TRACKING
ADVERSE WEATHER EFFECTS

FIGURE 7
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CURRENT AND PROJECTED DOD ENTRY TECHNOLOGY

FLIGHT EXPERIMENTS

9.

NOSE TIP TECHNOLOGY

HEAT SHIELDS

PRECISION & MANEUVERING
VEHICLES

BOUNDARY LAYER EFFECT

TERMINAL GUIDANCE

ADVERSE ATMOSPHERIC
CONDITIONS

PENETRATION AIDS (PEN
AIDS)

REENTRY VEHICLE
DEPLOYMENT PLATFORMS

MIDCOURSE, DETECTION,
TRACKING & SIGNATURE

(=]

o

OO0 O0O0

o ©0O0OO0

NOSE TIP PERFORMANCE
ABLATION EFFECTS ON VEHICLE STABILITY, PLASMA, WAKE
OBSERVABLES, AND BOUNDARY LAYER TRANSITION

FINE WEAVE CARBON-CARBON (FWCC) NOSE TIP MATERIAL

HEAT SHIELD STRUCTURAL INTEGRITY

HEAT SHIELD MATERIALS EFFECTS ON PLASMA AND WAKE
OBSERVABLES

EFFECTS OF MATERIAL DISCONTINUITIES AND FIBER
ORIENTATION

BICONIC CONFIGURATION

IMPROVED ACCURACY

EVASIVE MANEUVERS

CONTROL SYSTEMS DEVELOPMENT
ANTENNA PERFORMANCE

BOUNDARY LAYER TRIPPING

TRANSITION CRITERIA
TRANSITION EFFECTS ON VEHICLE DYNAMICS

IMPROVED ACCURACY

EFFECT OF RAIN OR SHOW ON PERFORMANCE

ESTAbLISH QUENCHANT REQUIREMENTS AND SIZE SYSTEMS
DEVELOP PRECISION DECOYS

FEASIBILITY OF TRAILING APPENDAGES

DEVELOP MULTIPLE VEHICLE LAUNCH PLATFORMS

DEVELOP ADJUNCT SYSTEMS

FIGURE 8
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REENTRY EXPERIMENT CANDIDATES

210.0

160.0

-

. 60,0 L— 46.0 —| L 309 ]

3,500 LBS 2,500 LBS 1,500 LBS
RV CANISTER/SEPARATION

ASSEMBLY —\

|1 IR} 5] K
e gy — a0 --l T N e

700 LBS 350 LBS 200 LBS 100 L8S

FIGURE 9
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IMPACT AREA

PRESENT STATUS

CURRENTLY AVAILABLE
OFFBOARD INSTRUMEN TATION

ENTRY RESTRICTIONS OR
SPECIAL CONSIDERATIONS

1. KWAJALEIN (WTR)

OPERATIONAL

o TELEMETRY STATIONS

o PRESS OBSERVABLES SENSORS
(ALTAIR, AI.COR, TRADEX RADARS
AND OPTICAL INSTRUMENTS)

o TTR~4 BEACON TRACKING RADAR

o TRAP AIRCRAFT (OPTICAL AND IR
INSTRUMENTATION)

e ARIA AIRCRAFT (TELEMETRY)

o SAFEGUARD MSR RADAR

o ENTRY CORRIDOR CURRENTLY
RESTRICTED TO AZINUTHS

FROM VANDENBERG ~FB OR
WAKE ISLAND

o OTHER APPROACH AZIMUTHS
ARE PROBABLY ACCEPTABLE
PROVIDING NO OVERFLIGHT
OF FOREIGN TERRITORY DURING
ENTRY

2. BROAD OCEAN
AREAS

NOT COMMONLY
USED

@ ARIS SHIPS (BEACON AND METRIC
TRACKING RADARS AND TELEMETRY)
o TRAP AND ARIA AIRCRAFT

o NO RESTRICTIONS EXCEPT THAT
OVERFLIGHT OF FOREIGN TER-
RITORY REQUIRES LOCAL
PERMISSION

3. ALASKA

NONEXISTENT

NONE

UNKNOWN
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capability. Case 6 exploits its multiple payload capacity.

For each example case listed in Figuve ll,the fcllowing items werce requested;

1) Number of orbit opportunities available within Traastage's capab_ lity.

2) Range, azimuth, altitude and time of initiation relative to the respec-
tive test range of the first and subsequent burns of the Transtage.

3) Variations in velocity and flight path angle between multiple payloads.

4) Accuracy - Pierce point inaccuracies due to the estimated accuracy
requirements of Transtage.

5) Communications - Identification of all potential communication augmenta-
tion needs in the Shuttle design and/or Transtage requirements
relative to the estimated communication needs of the DoD reentry tests.

6) Range Safety — An identification of a feasible approach (e.g: using satel-
lites) and of the equipment needed on the Shuttle and/or Transtage to
implement: (a) real time knowledge at the impact range of the Transtage
position, and (b) a command link to the Transtage from the impact range.

7) Payload Checkout and Servicing - Identification of all potential payload
servicing augmentation needs in the Shuttle design relative to the esti-
mated payload requirements including electrical and coolant fluid inter-
faces.

8) Costs - Planning type cost estimates of: (1) Shuttle borne checkout and
servicing equipment for DoD payloads; (2) costs for anv hardware or soft-
ware item or service peculiar to Shuttle launched entry technology missions
as compared to ballistically launched missions.

Items 1 through 3 are discussed in Section 16; item 4 in Section 10; item 5 in
Section 12; item 6 in Section 15; item 7 in Section 12 and 13; and item 8 in

Section 17,

16
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CASE REENTRY VEHICLE | PENETRATION AIDS REENTRY_CONDITIONS
NUMBER | NUMBER WEIGHT- | NUMBER WEIGHT- | v E SPACING TMPACT
LB(EACH) LB(EACH) | DEGREES FT/SEC (SEC) RANGE
1 1 600 1 30 28 22500  90* | KWAJALEIN
2 1 1000 - . 5 25000 - KWAJALE IN
3 2 1000 - - 5 25000  90* | KWAJALEIN
4 1 1000 - - 5 25000 - POKER FLAT
5 2 1000 - - 5 25000  90* | POKER FLAT
6** 2 350 4 30 28 22500 ** | MECK ISLAND

*OR IDENTIFY MAXIMUM POSSIBLE SPACING IF 90 SEC CANNOT BE ACHIEVED BY TRANSTAGE

**SAME AS EXAMPLE H OF TABLE 1 OF REFERENCE (2).

17
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4,0 SHUTTLE TRANSPORTATION CAPABILITIES
Definition ¢ the launch location constraints and the resultant Shu:ttle
orbital conditions was undertaken to determine the approach corridors
at the impact points of interest. Both KSC and VAFB launches were con-
sidered, Figure 12 shows the Shuttle launch azimuth constraints at both launch
sites. These data were obtained from Reference (4).

Orbit inclinations between 28,5 and 57 degrees are al.owable for a KSC launch,
The upper bound is established from range safety considerations and the lower bound
from the latitude of the launch point. Because of the KSC launch constraints, the
following generalizations can be made:

(1) Sh:ttle will be approaching Kwajalein, Hawaii, or Alaska from the west,
Current ground launches from VAFB to Kwajalein approach from the east.

As a result, the feasibility of approaching Kwajalein from non-traditional
azimuths is addressed in Section 5,

(2) Because of the low orbit inclinations, no Shuttle overflight of Poker
Flat impact areas at 67 deg latitude will be possible. However,
plane change maneuvers by the payload deployment system can provide impact
at these northern latitudes,

The VAFB launch constraints limit orbit inclinations between 56 and 104 degrees.

The lower bound is established from range safety requirements, the upper bound by
payload weight limitations due to retrograde launch. The following generalizations
apply to the VAFB launch:

(1) Shuttle will be approaching the desired impact areas at Kwajalein, Hawaii,
or Poker Flat from either the north or south depending on the orbit
number, These are not the traditional approach corridors to Kwajalein
and are also studied in Section 5.

(2) Because of the high orbit inclinations, overflight of Poker Flat will be
achievable, This was not the case for the KSC launch,

The cargo weight as a function of orbit inclination for both KSC and VAFB

launches is given in Figure 13. A nominal launch with one or no OMS kits for

added total impulse achieves orbit altitudes between 100 to 300 NMI, and a wide

range of payloads. Throughout this study, a 160 NMI circular orbit altitude was
assumed as a baseline, (This is the nominal Stuttle orbit altitude defined by NASA,)
This results in cargo weight capability as large as 70,000 1b for a due east lauuch
from KSC (28,5 deg inclination) to as low as 37,000 1b for a due south launch from

18
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LAUNCH AZIMUTH AND INCLINATION LIMITS FROM VAFB AND KSC
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CARGO WEIGHT VERSUS INCLINATION FOR VARIOUS CIRCULAR ORBITAL
ALTITUDE - DELIVERY ONLY

20

100 X 103 . .
NO RENDEZVOUS
ON-ORBIT OMS AV RESERVE = 22 FPS
RCS PROPELLANT LOADING = 3100 LB
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VAFB (90 deg inclination). The selection of the nominal Shuttle orbit altitude of
160 NMI as a baseline, allows this study to be compatible with the majority of other
Shuttle mission plans and thus, enhances the possibility of sharing the payload bay
with other payloads, Consideration of other Shuttle orbit altitudes may be war-
ranted if payload deployment system plane change AV requirements become excessive

for future specific missions,

21
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5. EXPANDED CAPABILITIES OF KWAJALEIN MISSILE RANGE

For most DoD reentry measurement experiments, complete radar coverage from
reentry to impact is required. The reentry measurements radar support required to
KMR is principally provided by the major sensors of the KREM3 (Kiernan REentry
Measurements Site) complex located on Roi-Namur, an island within the Kwajalein
Atoll - situated some 45 miles north of Kwajalein Island (See Figure 14).
Specifically these radars are referred to as ALTAIR (ARPA-Long Range Tracking and
Instrumentation Radar), ALCOR (ARPA-Lincoln C-band Observables Radar), and TRADE.
(Target Resolution and Discrimination EXperiment), These radars and all other
instrumentation at KMR are discussed in Reference (5).

Traditionally, payloads are launched from VAFB to impact near Roi-Namur as
indicated in Figure 14, This approach azimuth provides full coverage by the KREMS
radars. Because of the Shuttle launch constraints, described in the previous
section, payload approach to KMR at this traditional azimuth is not feasible., In
fact, the approach corridor is from the southwest or northwest instead oi the
northeast,

Reference (5) defines the azimuth zones for which one or more of the KREMS
radars cannot operate at all elevations. These zones are referred to as inhibit
zones. Generally, they result because the electromagnetic radiation from a radar
is incident upon inhabited dwellings (or in some cases aircraft) at low elevations,
The inhibit zones for the three KREMS radars are superimposed on a map of Roi-Namur
on Figure 15. Four corridors remain feasible for complete radar coverage. Note
that the northwest orridor is only open if aircraft operation is restricted., The
northeast corridor provides for the traditional approach from VAFB. The southwest
corridor is the most readily achieved with a Shuttle 1. unched payload. An approach
to KMR through the southwest corridor provides complete KREMS radar coverage of the
payload to impact. A typical impact point location and the southwest corridor are
shown on Figure 14.

To minimize payload deployment system plane change maneuvers to reenter through
the southwest corridor, maximum inclination Shuttle launches from KSC are required,
Therefore, further investigations continued to determine if the various inhibit
zones, especially on the western approaches to Roi Namur could be bypassed., As a
result of a thorough study initiated by Ray Holland of MIT/LL, a letter, Reference
(6), was received which stated that all inhibit zones could be bypassed with
appropriate pre-test preparation. However, two qualifications remained for target

elevations less than 6 deg and ALCOR and TRADEX tracking to the west. The ALCOR

22
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LOCATION OF IMPACT POINT FOR
SOUTHWEST APPROACH TO KWAJALEIN
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APPROACH CORRIDORS TO KREMS RADARS
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: =
TRADEX AND N
ALCOR INHIBIT \ ’ ’

ZONE \ :
//:)um WEST
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214°-175° SOUTH EAST CORRIDOR
*ASSUMED AIRCRAFT OPERATING ZONE A
RESTRICTION BYPASSED. FIGURE 15

BYPASSING KREMS INHIBITED ZONES EXPANDS APPROACH CORRIDOR

297° '

ALCOR TRACK
DEGRADED"

-~
. 7" ' TRADEX RADIATING / *APPLIES ONLY AT ELEVATION
/' AT ALTAIR ANGLES OF LESS THAN 6 DEGREES

S

FIGURE 16
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tracking is degraded for westward approaches because ALCOR is radiating through some
buildings. For west-south west approaches the TRADEX is radiating directly at
ALTAIR. Although this is not known to be a problem, a detailed study of the geometry
would be required to assess electromagnetic interference effects. With all inhibit
zones bypassed, the approach corridors to Roi-Namur are as shown in Figure 16,
Unfortunately, the western corridors remain inhibited for elevations less than 6
degrees., This means, for example, that for an impact 50 NMI downrange of the radar,
track would have to be terminated at an altitude of 65 kft,

For the remainder of this study, it was assumed that the only viable approach
corridor from the southwest was between azimuths of 175 to 214 deg in the southwest
corridor. As a consequence, comtinuous coverage by the KREMS radars is guaranteed.
In addition, through interface meetings with SAFSCOM, it was determined that no
problems exist in relocating telemetry receivers, optical trackers, and other ground
based equipment to provide full instrumentation coverage of reentries through the

southwest corridor.

During this study, two impact points were used at Kwajalein. These are compared

below:
Impact Point Alt Lat Long
(ft) (deg) (deg)
Original 0.0 9.36N 168E
Final 0.0 8.90N 167.40E

Both impact points are shown in Figure 14. The original impact point corresponds

to the typical impact point for a ground launched payload from VAFB, It applies

to the plane change and ground track data given in Section 7. The final impact

point represents a point well within the KREMS southwest corridor and provides a

radar range and aspect angle comparable to the northeast corridor approach. Section

16 data for cases 1, 2 and 3 were generated with the final Kwajalein impact point.
Case 6 of Section 16 required impact near the Site Defense Radar on Meck Island.

The location used for the Site Defense Radar was 9°11' North latitude, 167°43' 32,5"

West longitude. Because it is a phased array radar, its radar coverage is limited

to north-northeast look azimuths between 345 and 75 deg azimuth. Therefore, only

approaches from the north were considered for case 6.
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6.0 POKER FLAT IMPACT POINT

A range users manual, Reference (7), for Poker Flat was obtained and provided
information to define the Poker Flat impact point. The location of the Poker Flat
range is about 20 miles northeast of Fairbanks. Figure 17 shows this location on a
map of Alaska. Poker Flat is one of the many auroral field stations in Alaska and
serves as a sclentific rocket range for the Geophysical Institute of the University
of Alaska. The Alaskan pipeline passes between Poker Flat and Fairbanks and could
represent a range safety consideration for deorbiting payloads into the area. A
more detailed area map is shown in Figure 18 which locates Fairbanks and Poker Flat
more exactly. Figures 19 and 20 show the flight zones which are used to impact
research sounding rockets at present. These zones provide impact areas 165 NMI in
length. The impact point which has been selected for example cases 3 and 4 in
Section 16 is marked on Figure 19,

During this study, two impact points were used at Poker Flat, These are

compared below:

Impact Point Alt Lat, Long.

(fr) (deg) (deg)
Original Poker Flat 0,0 64 ,5N 1444
Final Poker Flat 0.0 67.0N 146W

The original impact point was used prior to receiving Reference (7). It applies
to the plane change and ground track data given in Section 7. Section 16 data was
generated with the final Poker Flat impact point. No restriction on approach

azimuth was assumed for either impact point,
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POKER FLAT - FAIRBANKS MAP
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7. DELLVERY STRATEGIES

Several delivery strategies were developed to investigate the trajectory
shaping required to place multiple Shuttle payloads on a ballistic reentry trajec—
tory to a precise impact point. These strategies and results are discussed in
Sections 7.1 through 7.4. The results are used to define delivery system perfor-
mance in Section 9 and to establish mission scenarios in Section 16,

Several ground rules were established to allow parametric consideration of
delivery strategies, These were:

1., Impulsive AV Analysis - Velocity increments, AV, required for maneuvers were

assumed to be applied instantaneously., This assumption is valid for
small orbital velocity changes or high thrust/weight ratio boosters.
Section 9 discusses the limitations of impulsive AV assumptions with
respect tu typical boosters,

2, Inertial Entry Conditions - Because the number of impact areas and

approach azimuths was virtually unlimited during the initial param-
etrics, inertial reentry conditions were considered to reduce the number
of parametrics. These results are applicable to all impact points and
approach azimuths if the inertial to relative coordinate transformation
is made before applying the data.

3. Spherical Earth - For the purpose of parametric analysis, a spherical earth

with uniform gravitational field was assumed. More sophisticated earth
models are not warranted except for very detailed mission planning which
is not addressed in this report.

Given these ground rules, an approach to developing payload delivery strategies
was developed. A tvpical DoD experiment mission, Figure 21, may require three
classes of pavload Jeployment system (PDS) burans. These are:

1. Deorbit Burn - This is an inpl.dane burn required to place the PDS on a

ballistic trajectory to impact.,

2. Plane Change Burn - This burn changes the payload azimuth to insure

impact at the required location and azimuth., It is required in general
because tiie Shuttle orbit does not necessarily provide the exact launch
point and azimuth at PDS deployment to hit the impact point.

3. RV Spacinyg Burn - In order to space the multiple payloads at the pierce

point, each rayload is placed on a slightly different trajectory by
applying 1 .4V to each payload. This is done after the PDS is on the
ballistiv trajectorv,.

3
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Each of these three classes of PDS burns has several options to achieve the
desired result, In this study, the three classes of burns were considered separ-
ately. For specific missions, such as those studied in Section 16, the results
are combined to establish Transtage requirements. The following sections discuss
each of the three PDS burns and the combinat_on of them to define a mission
sequence,

7.1 Deorbit -~ The deorbit (irplane) burn strategiec evolved by considering
a typical ground launch trajectory as shown in Figure 22. Note that the Shuttle
orbit altitude is low compared to the RV apogee altitude, This allows the three
distinct deorbit strategies illustrated in Figure 23 to be considered.

A. Direct Upleg Insertion - A PDS burn is made from the Shuttle orbit, and

places the PDS on the ascending leg or upleg of the baliistic trajectorv.
This prov.ides maximum trajectory simulation and requires slightly less
deorbit time than a ground launch. However, a large velocity change is
required if the ballistic entry conditions require low velocity or steep
flight path angle,

B. Direct Downleg Insertion - A considerable reductio. in cesponsce time can

be achieved by performing the PDS burn on the descending leg or downleg

of the ballistic trajectory. For a typical 160 NMI shuttle orbit altitude,
the time to payload pierce is beiween 0.5 to 7 min depending upon the
desired reentry velocity but the impulsive AV reguirements for this maneuvet
are the same as strategy A. Therefore, to complete the burn before pierce,
a high thrust level booster is required. In addition, payload reentry time
spacing at tue plerce point requires large AV spaciug burns.

C., Hohmann to Apogee Inserticn - Impulsive AV requiremerts can be minimized

b:» performing a Hohmarn transfer burn of the FDS 180 degrees away from the

ballistic trajectory apogee., At apogee, a second burn is applied to

deorbit the PDS, The combined LV for these two burns is much less than

that for strategies A and B, However, the total mission time becomes

quite loprg because of the Hohmann transfer orbit.

A good approximation to the devrbit 4V requirements for strategy A and B can

be obtained by assuming that the velocity and flight path angle at pierce are equal
to those at the Shuttle orbit altitude. Then the deorbit _V requirements are given

by the geometric relation:
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OPTION DESCRIPTION

A DIRECT UPLEG INSERTION
{+) MAX TRAJECTORY SIMULATION
(+) SHORT RESPONSE
(=) HIGH AV

B8 DIRECT DOWNLEG INSERTION
(+) VERY SHORT RESPONSE
(—) HIGH JV AND THRUST
(—) BOOSTER SEPARATION DIFFICULT

C HOHMANN TO APOGEE INSERTION
{(+) MINIMUM 13V
{—) LONG RESPONSE

A\ RANGE TIMETO
(KFT/SEC) (NMI) PIERCE (MIN)
A 2-24 1.500-7.000 8-60
8 2-24 60-1.550 057
C 1515  [12.000-15.000 45-100

FIGURE 23
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2 2 ¥ .
\' —{0 + VE - ZVOVE cos Y Eq. 1
where V0 = Shuttle orbital velocity
VE = Deorbit wvelocity

Ye Deorbit flight path angle

A plot of this equation for flight path angles of interest is given in Figure 24,

For low reentry speeds or steep flight path angles the AV is largze. On the other hanc,
high reentry speeds and shallow flight path angles required low AV. These reentry
conditions require little change from the Shuttle orbit conditions, Therefore, the
most promising range of reentry conditions for strategy A or B is in the 20-25 kfps
velocity range and shallow flight path angles between -5 to -15 deg.

The results of a more rigorous analysis of strategy A, B and C deorbit .V
requirements are shown in Figures 25 and 26. For these cases, the impulsive LV is
computed as described in Appendices A and B. This analysis is an exact computation
of the impulsive AV requirements.

A comparison of Figures 25 and 26 indicate the significant reduction in
total deorbit AV achievable through use of the Hohmann transfer Strategy C at steep
reentry angles, For .nstance, the AV requirements for reentry at 25 kft/sec,
~40 deg flight path angle are 17 and 8 kfps for strategy A and C respectively.

In conclusion, strategy C impulsive 4V requirements are always less than that
of Strategy A. The difference is particularly important at steep flight path angles
where the strategy A requirements become excessive,

The 4V requirements principally affect booster sizing. Other parameters such
as deorbit times and range to impact affect mission planning and coordination. The
deorbit times asscciated with each strategy are given in Figures 27 through 29.

The deorbit time is defined as the time elapsed from the first burn initiation
at Shuttle orbit altitude until the payload reenters at the pierce point, Appendices
A and B describe the computation technique for the various strategies.

Strategy A deorbit times in Figure 27 are slightly less than ground launch
times, The difference is due to the time it takes a ground launch to attain the
Shuttle orbit altitude, Typically, this time is 4-5 minutes. Shallow angle, low
velocity reentries require the least time because the Shuttle orbit is near the bal-
listic trajectory apogee for these conditions. As a consequence, the ascending Jeg
of the trajectory is minimal. In fact, at very shallow flight path angles and low
speeds, the deorbit trajectory apogee is below the Shuttle orbit altitude agpd a single

deorbit burn to achieve the required reentry conditions is not possible,
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Strategy B deorbit times in Figure 28 are much less than strategy A and are
typically 30 to 400 seconds over the range of velocities and flight path angles
investigated. Minimum times occur at steep reentry angles and high velocities,
Because this maneuver puts the payload on the descending leg, the stecp and fast
reentries reach the pierce altitude quickest,

Strategy C deorbit times in Figure 29 are much longer than strategies A and B
because of the Hohmann transfer transit time. Low speed, shallow angle reentries
require minimum times because the Hohmann transfer orbit is nearly circular and
the apogee is close to the pierce point altitude,

Ground ranges to the pierce point for strategy A and B given in Figures 30 and
31 provide an indication as to where these maneuvers occur in relation to the pierce
point. Strategy C,because of the Hohmann transfer,is 12,000 to 15,000 NMI away
from pierce and is not shown. For Strategy A and a given reentry velocity, the ground
range to pierce increases as flight path angle steepens and then begins to decrease.
This occurs because the upleg portion of the trajectory gets longer as flight path
angle steepens. LEventually, this effect is compensated for by the shortening of
the downleg as the flight path angle steepens even more so.

For the down range deorbit ranges of Figure 31, the longest ranges exist for
shallow flight path angle: where the trajectories become more circular in shape.

At very steep angles, ranges of less than 100 NMI from pierce are achieved,

In summary, Strategies A and B deorbit maneuvers are most attractive for shallow
flight path angles at high velocity where the AV requirements are not severe, Strategy
C provides the capability to achieve steeper flight path angles with lower .V than
Strategies A and B,

7.2 Plane Change - As a general rule, plane change of the PDS is required to
achieve a given latitude, longitude and azimuth at the pierce point. For this
study, the plane change is the first burn made by the PDS after deployment from
Shuttle, The plane change maneuver changes the PDS orbit inclination from that of
the Shuttle to an inclination which will pass through the required deorbit burn point
latitude and longitude. The PDS orbit remains circular at the Shuttle orbit alti-
tude. Less energy is required for a plane change maneuver executed at apogee of
the deorbit trajectory. However, a plane change before the deorbit burn allows almost
full simulation of the denrbit trajectory., In addition, payload spacing burns can

be completed prior to apogee. With a PDS plane change at apogee, payload spacing
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GROUND RANGE TO PIERCE POINT FOR A DOWNLEG DEORBIT (STRATEGY B)
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must occur on the downleg pcrtion of the trajectory. This increases spacing LV
requirements and, in some cases, the 90 second spacing at pierce cannot pe achieved.

The plane chauge AV determination scheme was first considered for the
general case of overflying the target area. This provided some insight into the
locations vun the Shuttle orbit for which plane .hange maneuvers might be made,
Figure 32 provides a schematic summary of the strategy. For the selected pierce
point at KMR a range of allowable approach azimuths can be defined ro as not to vio-
late the KREMS inhibit zones. The window for plane change can then be defined on the
Shuttle orbit as shown. The heading change and required AV in this plane change
window can then be determined.

This analysis applied to a KSC launch with pierce at KMR results in AV
requirements as shown in Figure 33, At a given KSC launch azimuth, tnere are a
range of &V's applied at the proper point on the Shuttle trajectory which will
allow overflight of KMR through a corridor. As the launch azimuth increases (more
southward launch), eventually the overflight through the southwest corridor is not
feasible., The results shown favor orbit 4 for a reduced plane change 4V
requirement, This figure also indicates that for minimum AV a northern azimuth
Shuttle launch is desirable. These results guided the aunalysis of the example
cases described in Section 16,

The example cases will be treated in more detail because the pierce point
conditions were fixed. However, “hree options existed fer determining the plane
change requirements, These were:

1. Combined Burn — The intercept of the loci of deorbit poirnts and the

Shuttle ground track defines a location at which a single burn deorbit
can be made with the deorbit maneuver and plane change occurring simul-
taneouslv. The sclution for these loci proceeds as follows. Guiven the
impact point latitude and longitude and the pierce point altitude, rela-
tive velocity, flight path angle, and a selected azimuth, the latitude
and longitude of the pierce point must be computed as shown in Figure 24,
Figure 35 shows the resulting pierce point latitude and longitude as a
function of relative flight path angle at pierce for both Kwajalein and
Poker Flat, Note that at the shallow flight path angles, pierce points are
significantly displaced in latitude and longitude from the impact point,
Once the pierce point location is determined, it serves as the target
point to calculate the deorbit burn locations for the selected pierce
point azimuths., If a Shuttle orbit track passes through the loci of de-

orbit burn points, ther a single burn plane change and deorbit maneuver is

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY = EAST



AV - KFPS

VOL IV DOD ENTRY FLIGHT EXPERIMENTS REPORT MDC E1415
29 FEBRUARY 1976

OUT-OF PLANE aV DETERMINATION SCHEME

| . KSC LAUNCH _
WINDOW Iron ;
NORTHWEST APPROACH ‘A (HEADING C ANG{) VT

P Al N i v A o

T NEW ORBIT
} GROUND TRACn

AINIMUM AV

LATITUDE — DEG
o

rAE—
5 " T
3 /f b
NORTHWEST APPROACH N

CORRIDOR TO 'I;ARGET - TARGET\ Lo

o 11
0 : KWAUJALIEN ATOLL ?
/] (’::} \ ) A

805 m 80 120 160 200 20 280 20 360
LONGITUDE — DEG
FIGURE 32
OUT-OF-PLANE aV REQUIREMENTS FOR SOUTH-WEST
APPROACH TO KWAJALEIN
29 ORBIT NO. 1
ORBIT NO. 2
20
SOUTH-WEST CORRICOR
15
RBIT NO. 3 ¢
10
ORBIT NO. 4 '
& 3
. foe LAUNCH WIlOON —— >~
0 20 | 40 © 60 80 ©o100 120
KENNEDY LAUNCH AZIMUTH - DEG FIGURE 33

47

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY » EAST



/

"3

VOL IV DOD ENTRY FLIGHT ZXPERIMENTS

IEPORT MDC £1415
29 FEBRUARY 1976

PIERCE POINT LATITUDE AND LONGITUDE DETERMINATION

SELECT IMPACT PUINT:
ALTITUDL
LATITUDL
LONGITUDE

Y

SELECT PIERCE POINT:
ALTITUDY
RELATIVE VELOCT !
RELATIVE FLIGHT PATH ANGLE

RELATIVE AZIMUTH
L

GUESS PIERCE POINT:

|__ LATITUDE

COMPUTE PIERCE POINT:
INERTIAL VELOCITY
INERTIAL FLiIGHT PATH ANGLE
IHERTIAL AZIMUTH

R

COMPUTE ORuITAL CONDITIONS:
ECCENTRICITY
ANGULAR DISPLACEMENT OF PIERCE
POILT TROM IMPACT POINT

COMPUTE PILRCE POINT:
LATITUDE

COMPARE PIERCE POINT GUESSED AND
COMPUTED LATITUDE

o IS LATITUDE ITERATIONH CONVERGED?

‘

YES

l__'{-:IEEfTIOH CGIPLETE

48

———

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY » EAST

NO

FIGURE 34



WEST LONGITUDE ~ DEG

EAST LONGITUDE -~ DEG

170

160

150

140

169

167

165

163

NORTH LATITUDE - BEG

NORTH LATITUDE - DEG

VOL IV DOD ENTRY FLIGHT EXPERIMENTS

PIERCE POINT LATITUDE AND LONGITUDE

POKER FLAT

PIERCE POINT LATITUDE AND LONGITUDE

6< I—
\ LATITUDE
64 — -y K
A"
P -
”
v} I Zz
/ ~———_| LonGITUE
l \
60
0 -10 <20 =30 -40
RELATIVE FLIGHT PATH ANGLE AT PSERCE - DEG
KWAJALEIN
PIERCE POINT LATITUDE AND LONGITUDE
11
9 LONGITUDE |
/,
-
/ - - -
-~
7
/7
/ LATITUDE
5 4 L
6 -10 =20 -30 ~40
RELATIVE FLIGHT PATH ANGLE AT PIERCE - DEG

49

REPORT MOC £1415
29 FEBRUARY 1976
o IMPACT
LATITUDE = 64.5°N
LONGITUDE = 144.0%
o PIERCE
REL. VEL.= 25 KFT SEC
AZIMyTH = 60°
o IMPACT

LATITUDE = 8.90°N
LONGITUDE = 167.40°E

o PIERCE

REL. VEL.= 25 KFT SEC
AZIMUTH = 34°

FIGURE 35

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY » EAST



VOL IV DOD ENTRY FLIGHT EXPERIMENTS REPORT MOC E1415
7 29 FEBRUARY 1976

possible at that point. For the example shown in Figure 36, four orbits
intersect the loci. In general an azimuth change is required at that
point. Figure 37 shows the change in azimuths required for each orbit
opportunity. The resultant combined AV is shown in Figure 38. Excessive
-V results because the azimuth change from orbits 2 through 5 is excessive
tor this example, However, cases 1l and 6 of Section 16 were workable witn
this combined burn approach.

Single Plane Change — A second strategy for plane change involves perform-

ing a plane change which puts the payload at the deorbit point with the
required azimuth., This solution begins by computing the deorbit burn
locations as previously described. The amount of PDS plane change required
from a particular location on the Shuttle orbit to pass through this

deorbit burn location is then computed. The azimuth achieved by the PDS

at the deorbit point can then be compared to the azimuth required at the
deorbit point. 1f the azimuths are equal, then a single plane change
maneuver initiated at the appropriate location on the Shuttle orbit is
feasible., Case 1 first opportunity data shown in Section 16 is an example of
the single plane change strategy. Note that the plane change .V is not

minimum for this strategyv.

Optimum Plane Change - The 4V's can be reduced by another plane change

strategy which allows fer a single burn plane change at the optimum

point., This is accomplished bv changing the plane 90 degrees away from the
deorbit point. As described for the combined burn strategy, the solution
begins by computing the deorbit burn locations. The optimum plane change
location is located on the Shuttle orbit and the resultant azimuth at the
deorbit point determined. The azimuth required and the azimuth achieved

at the deorbit point are then plotted as a function of relative pierce
point azimuth. The pierce azimuth at whichk the required and achieved
azimuths are equal corresponds to the pierce azimutn which minimizes

plane change requirements, Cases 2 through 5 plane change requirements

in Section 16 were determined in this manner.

A special application of plane change strategy 3 was used to define plane

change requirements for the broad ocean area. Hawaii was selected as the impact

area because it provides a base for logistics support and tracking coverage, In

addition, a due east launch (maximum payload) from KSC provides an orbit which

passes onlv slightly north of Hawaii for the first 4 orbits as shown in Figure 39,
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Oue possible strategy to maximize opportunities of impact at Hawaii is to
deplov the PDS on the first orbit and continually change its orbit to pass over pre=~
selected impact points, If points 1 and 2 of Figure 39 are selected, no .V is
required since overflight occurs on the Shuttle orbit, For three consecutive passes,
point 3 provides the minimum AV. A similar result applies to points 4 and 5. Fig-
ure 40 shows the combined AV to maintain overflight on consecutive orbits of the
PDs,

In summary, three strategies were developed for plane change. The combined
burn strategy eliminates the two burn requirement and can be performed by a single
stage solid rocket booster., The single plane change strategy is sometimes neces-—
sary if the plerce point allowable azimuths are severely constrained. Optimum plane
change strategy is workable if azimuth constraints at the pierce point are not
severe. Generally, each picrce point condition must be evaluated separately to

determine which strategy is applicable,
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7.3 RV Spacing - Additional PDS burns are required to provide time-spacing
of multiple payloads and the booster at the pierce point. To insure complete KREMS
radar coverage of each payload approximately 90 second spacing is required. This
is sufficient time to track the lead payload to impact, re-elevate, and reacquire
the trailing payload before it reenters at 300 kftr altitude.

The deployment scenario is skown in Figure 41 for both the upleg deorbit
(Strategy A) and the Hohmann transfer deorbit (Strategy C). For Strategy A the
first burn is the deorbit burn and places the PDS on the first payload trajectory.
If no further burns are made, the PDS will reenter simultaneously with the first
payload. After completion of the first burn, the first RV 1is separated from the
PDS. A second burn is made which places the PDS on a trajectory which will reenter
with the required spacing after the first payload., This trajectory has a slightly
higher apogee and steeper flight path angle _ompared to the first payload. Addi-
tional burns are made until all payloads are deployed. A final burn is made to
space the PDS the required time behind the last payload.

The burn sequence is analogous for Strategy C, except the ileorbit burn cor-
responds to the second burn of the Hohmann transfer., Typicallv subsequent burns
require higher LV compared to Strategy A to achieve the same spacing. The higher
AV results because the burns must be made closer to the pierce point, i.e., on the
downleg of the trajectory., The [V increase is particularly large for Strategy B
downleg deorbits. In fact, for most reentry conditions, 90 second spacing is not
possible for Strategy B. As a consequence, Strategy B is best suited for single
payload deliveries.

The spacing &V requirements discussed in this section assume that each pavload
is targeted for the same pierce point in inertial space. As a consequence, these
are inplane maneuvers, For an eastward launchi from KSC, this results in each sub-
sequent payload impacting southwest of the prcvious payload due to the earth's
rotation and steeper flight path angles rcquired for spacing, In Section 16, the
spacing burns include i small out-of-plane burn which targets each payload to the
same impact point, The spacing requirement is maintained at 300 kft altitude but
at a different pierce point latitude and longitude for each payload.

Tne timing between burns was assumed to be 450 sec for the deorbit burn and
60 sec for subsequent spacing burns. This allows sufficient time for PDS
maneuver, deplovment, and reorientation prior to the next burn., For shallow flight

path angle, high velocity reentries the deorbit burn time is much less than 450 sec,
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TWO R/V DEPLOYMENT SCENARIO
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However, 450 sec was allowed for that burn throughout this section., In Section

/ / VOL IV DOD ENTRY FLIGHT EXPERIMENTS REPORT MDC E1415

l6, this time was reduced for cases 2 through 5.

Figures 42 and 43 present the AV requirements as a function of burn number
for inplane spacing maneuvers and 90 sec spacing at pierce. Region R includes
reentry velocities between 20 and 25 kft/sec and flight path angles between -20 and
-40 deg; Region F extends the flight path angle to -5 deg; and Region S to -60 deg.
In general, Strategy C spacing 2V's of Figure 43 are higher than Strategy A of Fig-
ure 42 because the Strategy C burns occur closer to the pierce point. In either
case, spacing of payloads at shallow flight path angles requires high AV because of
the short time of flight involved. OUn the other hand, at high velocities and steep
rlight path angles, the trajectory times between the burns and pierce are large
and only small iV's are required :0 effect the 90 sec spacing.

Spacing is achieved by changing the entry conditions to provide a longer
deorbit time for subsequent payloads. Figure 44 compares the consecutive payload
reentry velocities with a first payload velocity of 25 kft/sec and a range of
flight path angles., At the steeper angles between -2C and -60 degrees,
subsequent payloads reenter at slightly greater velocities for strategy A. For
strategy C and strategy A at shallow flight path angles, subsequent payload
velocities decrease with pavlcad number. The decrease is especially dramatic at
-5 deg flight path angles where velocities less than 20 kft per result. In
effect, the 90 sec spacing can only be achieved by significantly slowing down the
pavloads, The slow down is even more severe for Strategy C.

The 90 sec spacing imposes a severe requirement for strategy C. Figuvre 45
demonstrates the sensitivity of AV to reduced spacing requirements. Reducing
the spacing time to 60 sec, reduces _V for all payloads to slightly greate- than
1.0 kft/sec for the entry conditions shown. Another approach to reducing .V
requirements is to do all the spacing burns simultaneously,

There is a significant advantage for this if a large number of payloads is to be
deploved. Nevertheless, the strategy C requirements are always greater than
strategy A or the ground launch as shown,

Uften there is a requirement to space the booster not only in time but in
range at the pierce point. Figure 46 presents typical booster spacing LV require-
ments as a function of first pavload velocity and flight path angle. Strategy C

.V requirements are excessive agdin becduse of the proximity to the pierce point.

57

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY » EAST



N

IMPULSIVE AV PER SPACING BURN -~ KFT SEC

VOL IV DOD ENTRY FLIGHT EXPERIMENTS REPORT MDC E1415
29 FEBRUARY 1976

STRATEGY A PAYLOAD SPACING aV REQUIREMENTS ENVELOPE
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STRATEGY C PAYLOAD SPACING aV REQUIREMENTS ENVELOPE
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COMPARISON OF STRATEGY A AND C MULTIPLE PAYLOAD
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COMPARISON OF PAYLOAD SPACING aV REQUIREMENTS
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In conclusion, typical spacing AV's of 500-3000 fps per payload are required
for an upleg deorbit. The strategy C-Hohmann traznsfer spacing AV's are much
higher., In either case, the high velocity/steep flight path angle require lower
LV's. However, spacing and initial deorbit 4V combine to significantly increase
bovster .V requirements for many heavy vehicles entering at low speed/steep flight
patih angles,

7.4 Ground Tracks - Ground tracks for the deorbit trajectories and the Shuttle

orbits were generated to establish Shuttle and payluad locations for the communica-
tions and range safetv analvses in Sections 12 and 15 respectively and the plane
change requirements discussed in Section 7,2, First, typical Shuttle orbit ground
tracks are ~onsidered; then deorbit ground track sensitivity to entry conditions;
and finally, conclusions based upon the deorbit, plane change, spacing

and ground track analvses are presented.

7.4.1 Shuttle Orbital Ground Tracks - A due east launch from KSC appears

attractive because it provides maximum pavload and first orbit overflight of KMR

as shown in Figure <+7. In addition, plane ch«ange, upleg deorbit, and downleg
deorbit can also be accomplished in the first orbit, Unfortunately, there is
probably insufficient vime between Shuttle launch and PDS first burn for pre-launch
checkout and preparation. The secend and third orbits alszo provide deployment
opportunities and the potential for initial Hohmann transfer burns in the vicinity
oi the U.5. or South anerica. This could be attractive for ground coverage pur-
poses, liowever, the pavloads would reenter through the inhibit corridors at KMR.
Unless the inhibit zones at MR are bypassed completely, the due east launch from
KSC is not the bert launch .zimuth.

A better orbit results from a iaunch at the maximum northward azimuth of 35
deg. Figure 43 slows the resulting ground tracks for orbits 1-6 and 10-14, The
shadowed region or the ground tracks represent regions in which a PDS plane change
can be performed to provide KMK overflight and azimuths witnin the southwest and
nortnwest corridor, The »tars represent the optimum locations for plane change.

Orbits number 4, 5, 1. nd 13 pass to the ecast or west of KMR.

[hese provide deorbit oppurtunities with minimum piane change requirements as
described in Figure 33 o Section 7.2. Orbit 4 provides the best opportunity with
respect to maneuver locatiens and overtlight of tracking stations, The deorbit
mancuver lor KMR impact of cases 1, 2 «nd 3 in Section 16 is accomplished during
orbit 4, Porer uat is too far north for overflight although PDS plane changes
on orbits 5 ¢r © o on provide impact there as describe in Section 16,
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On the other hand, Poker Flat overflight can be achieved by launches out of
VAFB., The ground tracks of orbits 1 through 5 and 12 through 14 for a 72 deg
inclination orbit are shown in Figure 49, The windows and optimum maneuver loca-
tions for plane change are identified as described previously., Orbits 2, 12 and
13 provide near overflight of Poker Flat. The plane change for orbit 2 occurs
over Central Asia; for orbits 12 and 13 it occurs south of the equator. For cases
4 and 5 of Section 16 the deorbit maneuver is made in orbits 12, 13 and 14,

A due south launch from VAFB provides overflight ¢f the north pole as shown
for orbits 1 through 10 in Figure 30, Orbits !, 2, 9 and lv provide near over—
flight of Poker Flat; orbit 3 provides near overflight of KMR. Orbit 3 was
selected for the first opportunity deorbit of case 6 in Section 16. Approaching
Poker Flat from the south on orbits 9 and 10 provides an open corridor over the
Pacific ocean with overflight of Hawaii on orbit 10. Although this approach was
not developed in Section 16, it is a viable approach to Poker Flat for a VAFB
lavnch.

The above ground track data aided in the identification of Shuttle orbits
for which the PD5 deorbit maneuvers could be performed. Figure 51 summarizes the
orbits which provide the best opportunities for deorbit at the various impact sites,
Which of these orbits provide minimum plane change AV and appropriate approach
azimuth is a function of the required deortit burn location.

7.4.2 Deorbit Location Sensitivities - Figure 51 gives an example of the

locations of the deorbit burn for relative azimuth of 60 and 34 deg at Poker Flat
and XMR, respectively. The relative reentry velocity is 25 kfps at both locations.

The Poker Flat deorbit burns occur south of Australia for shallow flight path angles

and over 1t for moderate angles, The KMR deorbit burns occur near the southern
tip of Africa for shallow angles and over the Indian Ocean for moderate

angles. For the shallow reentry angles, the range from deorbit maneuver to impact
is large due to the high inertial velocities (greater than 26000 ft/sec in some
cases) required to achieve relative velocities of 25000 ft/sec, These higher
energv orbits require more range from deorbit maneuver to impact.

The sensitivity of deorbit burn location to relative approach acimuth and

reentry velocity for a -5 degree path angle at Poker Flat is shown in Figure

53. Range from pierce is relatively insensitive to pierce azimuth, However,

65

MCDONNELL DOUGILAS ASTRONAUTICS COMPANY - EAST



/ VOL IV DOD ENTRY FLIGHT EXPERIMENTS REPORT MOC E1415

/ : 29 FEBRUARY 1976

TYPICAL GROUND TRACK FROM VANDENBERG LAUNCH
APPROACH OPPORTUNITIES TO KMR
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TYPICAL GROUND TRACK FROM VANDENBERG LAUNCH
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PREFERRED ORBITS FOR PDS DEORBIT
(160 NMI SHUTTLE ORSIT ALTITUDE)

LAUNCH SHUTTLE ORBIT
SITE IMPACT AREA INCLINATICH PREFERRED ORBITS FOR DEORBIT
(DEG)
KSC KMR 57 4, 5, 12, 13
POKER FLAT 57 5, 6
HAWAL L 30 1-6
VAFB KMR 72 4, 5, 13, 14
KMR 90 3, 4, 11, 12
POKER FLAT 72 2, 12, 13
| POKER FLAT 90 1, 2,9, 10

FIGURE 51
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a cnange ot reentry velocity from 25000 to 24000 fps changes maneuver range

by more thdan a factor of two., As a consequence, if deorbit burns for Poker Flat

are to be performed within line of site of Kwajalein or Guam, the relative reentry
velocities would be constrained to approximately 24000 rps. The analyses of Sec-
ticn 7.1 were done in inertial coordinates since the approach azimuth at pierce

was unspecified during the initial study. These original cases correspond to approx-
imately 24500 fps relative reentry conditions at a 60 degree approach to Poker Flat,
In combination the reentry velocity and azimuth selection allows locating the

deorbit burn at favorable latitudes and longitudes. However, this may nct be
practical for two reasons. First, the reentry velocity may be fixed by the experiment
requirements. Second, aud more importantly, the plane change requirements may be
excessive for particular locations of the deorbit points. These considerations are
unique to each particular case.

7.4.3 Delivery Strategy Conclusions - By analyzing deorbit, plane change,

favload spacing and ground track requirements, the unique czpabilities of Shuttle
described in Figure 54 were identified. Because the PDS deorbit maneuver can be
initiated at any point on a Shuttle orbit, the simulation of 1500-7100 NMI tra-
jectories is possibla2. (The Shuttle is a mobile launch platform.) In addition,
full coverage by the KREMS radars is possible by selecting approach azimuths at
KMR within the allowable corridors. Impact at Poker Flat is achievable from either
a VAFB or a KSC Shuttle launch. Paylocad deployment con consecutive orbits provides
multiple pass deorbit opportunities without severe plane change .V requirements.
In many cases, multiple payload spacing maneuvers from an upleg deorbit require
AV comparable to ground launched systems,

The above conclusiocns provided the basis from which much cf the detailed

example case requirements described in the following sections evolved.
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SHUTTLE/PDS MANEUVER STRATEGY STUDIES
HAVE IDENTIFIED UNIQUE CAPABILITIES
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8.0 BOOSTER CAPABILITIES

The physical characteristics and performance capabilities of typical Shuttle
launched boosters are summarized in this section, The purpose of these data is to
provide booster characteristics {or use in defining PDS performance in Sections 9
and lb, Figure 55 shows the candidates boosters and assembled vehicles in relation
to the Shuttle.

These boosters fall inte four categories which cover the existing technology
range of upper stage performance and physical size, LEach class is illustrated by
a4 representative design. Category 1 is a cryogenic propellant class of booster
such as the Centaur., This class represents the highest available performance and
the biggest size. Category 2, an existing storable propellant booster, such as
the Transtage, 1s presented as an example of intermedicte size and perfurmance,
Agena and Delta also fall into this category. Category 3 is a storable propellant
design based on using components from the Shuttle auxiliary propulsion system, It
is the minibus described in Section 9 and allows maximum opportunity for shared
payload launches of the Shuttle, Category 4, a solid propellant booster, is shown
using the best available definition of the recently selected Interim Upper Stage
(IUS) concept. Category 2 or 3 boosters are best suited for the DeD type missions.

In the following sections, each bocster class is described by a survey of
dimensional mass, and propulsion characteristics, The periformance
canabilitivs in terms of pavload mass versus velocity increment is provided in
Sextion 9 f{or representative boosters.

8.1 Lxisting Cryogeric Booster - The Centaur, which is the onlv cryogenic

(O,/H7) stage currently in use, is shown as the example design for this class of
booster. Figure 536 presents the mass, dimensional and propulsion characteristics
of the Centaur, It is a large booster almost 32 ‘t in length with a launch mass
of nearly 3%000 1lbm. For manv of the DoD missions it is oversized. However, it
has application to Dob mission requiring reentries at low velocity or steep flight
path angles,

8.2 Existing Storable Booster - The Transtage is selected as the example

design for this booster class on the basis that it provides maximum performance
capability with minimum modification, Other designs considered were the Delr .
and Agena stages., Physical and propulsion characteristics of the Transtage are
described in Figure 57, The relatively short length of less than 15 feet provides

efficient packaging in the Shuttle payload bay and considerable space for additional
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BOOSTER CANDIDATES
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TYPICAL CRYOGENIC PROPELLANT BOOSTER DESCRIPTION

(CENTAUR)
' N8m \
9.7m
| %l TR ]
/— < J { 3.05m
MASS kg (Ib) THRUST N (Ib) | Igp m/sec (sec)

INTERSTAGE* 867 ( 1912
INERT *+ 2495.0 ( 5501.0)
129,900 (29200) | 4311 (439.6)
BURNOUT 3703.0 ( 8164.2)
EXPENDED  13532.0 (29833.0)

IGNITION 172350 (37997.2)

* INCLUDES 2ND STAGE SPIN TABLE
**+ INCLUDES AVIONICS

FIGURE 56
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TYPICAL EARTH STORABLE PROPELLANT BOOSTER DESCRIPTION

(TRANSTAGF)
} 66 m
' - 4.5 m —=
' T | ’
< [ 3.05m
MASS kg (ib) THRUST N tib) 'SP m/sec (sec)
INTERSTAGE * 86.7 ( 191.2)
INERT ** 1701.0 ( 3750.7)

69980 (15733) 2955 (3013
BURNOUT 2908.0 ¢ 6413.%
EXPENDED  10447.0 (23032.0)

IGNITION 13356.0 (29445.9)

* INCLUDES .ND STAGE SPIN TABLE
** INCLUDES AVIONICS

FIGURE 57
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payloau sharing. This class of bcoster has a wide range of applicability to DoD
mission requirements. Its compactness, multiple burns capability, and payload
capacity, make it a strong candidate for the PDS booster. Throughout this report
the Transtage is used as the PDS booster,

8.3 Short Length Existing Component Storable Booster - A multi-stage velocity

package composed of Shuttle Auxiliary Propulsion System Components is shown to
illustrate a short length,high AV class of storable (NZOAIHHH) boosters. The com—
pact velocity package is an example of how existing compounents can be configured to
best utilize the wide, lemgth limited shape of the Shuttle payload bay. This
maximizes opportunity for shared payload launches of the Shuttle., In contrast,

the other booster classes represent relatively long, narrow upper stages because
they were originally designed for ground launched, expendable bousters.

Figure 58 describes the physical and propulsion characteristics of a two stage
velocity package. The two stages .re identical and composed of tark, engine and
flow contrnl components bveing deveioped for the Reaction Control System (RCS) of
Shuttie. More detail of this concept as it is best configured to meet DeD miss.on
requirements ir presented in Section 11, It is best suited for the high velocity-
shzllow flight path angle reertry missions.

8.4 Existing Sclid Motor Booster - A preliminary version of the Interim

Upper Stage (IUS) is presented as an example of the solid propellant class of
boostex. The configuration shown is necessarily preliminary since the Air Force
13 in the process of awarding a contract to define the final IUS characteristics,
rigure 59 summarizes the characteristics of a two stage IUS. A third stage will
in general be required to prcvide the payloaa spacing burns for DoD payloads. The
two stage SRB will provide only the deorbit and plane change burns. This SRB
conceplL is similar ir size and tetal impulse to the Transtage. Therefore, many
of the missions presented in this repcrt can be perforwed by an SRB if a third
stage or spacing is ancluded,

In conclusicn, existing boosters are available wnich can meet the Do'. needs
of the 1980's, Their performance for particular missions are presented in the next

suection.
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TYPICAL **SHORT LENGTH" BOOSTER DESCRIPTION
(SHUTTLE COMPONENT VELOCITY PACKAGE)

=240
I 4la
| B
STAGE BASS kg (1b) Imusnan) Isp w/sec (sec)J
SECOND STAGE | INTERSTAGE =+ 3490 ( 770.0)
INERT 13160 ( 2962.0)

13584 (3500) | 2834 (289)
BURNOUT 283 ( 6144.9)
EXPENDED 39310 ( 8667.0)

IGNITION 113 (481L)
FIRSTSTAGE | INTERSTAGE 450 ( 100.)
INERT 1160 (2902.0)

15984 (3500) | 2834 (289)
BURKOUT 0783 (17813.0)
EXPENDED 39313 (8667.0)

1 IGNITION 12009.3 (26480.9)
* INCLUDES AVIONICS AND 3RD STAGE SPWN TABLE

FIGURE 58
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TYPICAL SOLID PROPELLANT BOOSTER DESCRIPTION
(2 STAGE 1US)

=

——p

s !
3 P-
2 . '

Seed

— 5

-

T T T T

SECOND STAGE | INTERSTAGE* 86 ( 1912)
INERT = 6485 (1430.9)
T T | eyuaam| 299 %5
BURNOUT 18563 ( 4W93.2)
EXPENDED 2613 ( 4%61.9)
IGNITION 0182 ( 88602)
FIRSTSTAGE | INTERSTAGE - -
MERY 823 (518
186800 (32000) | 2838 269.4)
BURNOUT 4511 (108172)
EXPENDED  9144J QOIG40)
IGNITION 140958 (310812)
* INCLUDES 3RD STAGE SPIN TABLE
* INCLUDES AVIONICS
FIGURE 59
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9. DELIVERY SYSTEM SIZING AND PERPURMANCE

The performance of the payload delivery system, PDS, which consists of the
booster and/or bus, spin separation system, and RY's was considered as a function
of reentry velocity and flight path angle. The initial study emghasis defined
booster performance as a function of inertial reentry velocities bstween 20 and 25
kft/sec and flight path angles between -5 and -60 deg. The results of this study
led to the detailed definition of Transtage performance (Section 9,2) for relative
reentry velocities of 25 kft/sec and selected flight path angles. The definition
of tke Minibus concept to take advantage of the low AV requirements for shallow flight
nath angles followed : d is described in Section 9.3. Finally, che assessment of
the impulsive AV assumption was investigated as described in Section 9.4.

9.1 Booster Performance - The AV requirements from =-tioms 7.1 through 7.3

vere compared with Delta, Transtage, and Centaur boosters u=scribed in Section 8 and
the Burner IIA and Tandem Transtage. The Burner 1IA is a small, solid rocket booster
and the Tandem Transtage is a growth Transtage which achieves higher total impulse

by increased prope!lant load. This was an initial screening to assess the type of
booster required to meet the classified mission requirements of Reference 2. Figure
60 shows the comparison of these booster payload weight-AV capability for strategies
A, B and C of Section 7.1. The rectangles identified by specific missions from
Reference 2 represent the range of payload weights and AV's expected. Payload

weight includes the spin separation system weight estimate. All velocity increment-
booster paylerad combinations to the left of a booster performance line are possible.
The line represents an upper bound on booster performance. For example, Eur
strategies A and R the Transtage can provide up to approximately 10 kft/sec AV for

a 10000-1b payload and 17 kft/sec for a 1000-1b paylcad. Note that strategy C AV
requirements are less than A and B because only the deorbit burn requirements are
considered. The inclusiona of payload spacing burns would increase Strategy C require-
ments more than Strategv A.

Several conclusions are evident from Figure 60. The Centaur and Tandem Tran-
stage have sufficient 2V to perform the majority of the missions identified., Tran-~
stage and Delta can perform most of the low to moderate pavioac miss_ons and some
of the large pavload-low AV missions, The Burner 1IA can perform little of the
Strategy A missi. s and only the small payload Strategy C missions. The upper left
side of these plots represents the uigh velocity shallew flight path angle reentry
missions. All boosters shown can meet to sume degree thics part of the mission
requirements,

79

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY » GAST



/,&/ VOL IV DOD FNTRY FLIGHT EXPERMENTS
! \ 5,’

BOOSTER PAYLOAD - LB

REPORT NDC E1415
29 FEBRUARY 1976

BOOSTER PERFORMANCE COMPARISON TO DoD MISSION REQUIREMENTS

STRATEGY A AND B REQUIREMENTS
(DIRECT INSERTION)

10.000

5.000

STRATEGY C REQUIREMENTS
(HOHMANN TO APOGEE INSERTION)

2,000 -
1.000 i
50 | mission
VXX w0,
200l (A} @By ™) (E) {A) (B) (C) (D) (E)
0 1 i S | 1 1 i |
0 10,000 20,000 30,000 0 10.000 20,006 30,000

VELOCITY INCREMENT - FT/SEC

{A) BURNER IIA

{(B) DELTA

(C) TRANSTAGE

(D) TANDEM TRANSTAGE
(E) CENTAUR
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VELOCITY INCREMENT - FT/SEC

FIGURE 60
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To help identify the range of reentry velocities and flight path angles for
wiiich a particular booster could be usad, Figure 61 is presented. The left chart
for 8 RV's weighing 200 1b each emphasizes the effect of the 90 second spacing
requirement on booster performance. The booster is used to provide both the
Srrategy A deorbit burn and the spacing burns. Any reentry flight path angle-
velocity combination within the shaded area is achievable. The left and right
boundaries represeat the limitations imposed by spacing burn and deorbit burn require~
ments, respectively. Transtage can provide a small region of high velocity-shallow
flight path reentries. On the other hand, Centaur can provide a large area of the
V-y map. These areas are compared with the Atlas ground launch from VAFB to KMR
for the same number and spacing of payloads. Because fo the fixed range from
launch to impact, the Atlas capability is a line and not an area. (Atlas per-
formance data were obtained from Reference 8.) Shuttle delivered payloads can
achieve a wider range of reentry conditions and, in iddition, higher reentry
velocities compared to a typical ground launch.

The single 1000-1b RV capability, shown on the right hand chart, demonstrates
again the high velociry shallow flight path angle capability achievable from
Shuttle. Transtage ~nd the Minibus concept are compared. Here
the left hand boundary represents the limit for a single burn deorbit maneuver,
i.e., the bz"'istic trajectory apogee is below the Shuttle orbit altitude for shallow
flight path angle-low velocity re-ntry. The Transtage can achieve a wide range of
reentry concitions indicating that it is also oversized for much of the conditions.
The Miuibus is a bus concept, described in Section 9.3,which is designed specifically
to provide high velocity-shallow flight path angle reentrv conditions. Note that
the Atlas F can also provide specific reentry conditions over the same range as
Transtage and has additional capability at steep flight path angles. The advantage
of Shuttle for these reentry conditions is the capability to achieve payload reentry
at other impac.t points such as Poker Flat.

9.2 Transtage Performance - The above analysis identified that Tramnstage

could indeed provide high velocity-shailow flight path angle capability from a
Shuttle launch. The next step was to develop in more detail the overall capability
of Transtage. The approach selected involved considering only 25 kft/sec :relative
reentry velocities and computing the maximum payload weights, the otfloading and

the excess AV as a function of relative flight path angle at the _.erce point,
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HIGH VELOCITY » SHALLOW REENTRY ANGLES EASILY
SIMG .. (ED BY SHUTTLE/PDS DELIVERY

(IMPROVES UPON GROUND LAUNCH CAPABILITIES)

MULTIPLE 8-200 LB RV'S
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SINGLE 1000-LB RV
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FIGURE 61
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9.2.1 Sizing Algorithms - To accomplish this task a family of PDS sizing
algorithms for the booster and/or bus and the spin separation systems were developed.
Figures 62 and 63 provide the spin separation system weight and length algorithms
respectively. (The origin of the spin system algorithms is presented in Section
11.) The structural weight in Figure 62 includes the spin table or tube, booster
attachment structure, beams and cross members. This is all the weight that is added
forward of the booster or bus interface. The spin system length of Figure 63 includes
the tube lengths for payloads up to 1000 1bs. The RV's do not protrude significantly
from the tubes. Above 1000 lbs 2 spin table is used and the RV is mounted above it.
The RV, therefore, contributes significantly to the spin separation system length.

Typical RV lengths are given in Figure 9 of Sectiom 3.
Five possible booster/bus design combinations were identified (Figure 64).

They were:

1. Sizeable booster/sizeable bus - The spent booster separates after the cut

of plane and deorbit burns are completed. The deployable bus provides the
payload spacing burns, Both the booster and the bus are sized to make
maximum use of the Shuttle payload bay. The resultant design is a new
booster and bus capable of delivering the given payload weight and number

at the reentry conditionms.

2, Fixed Booster/Sizeable Bus - The staging sequence is the same as option 1

above. However, the booster characteristics are fixed. The bus provides
additional spacing capability over that of a single stage system. The
payload weight and bus design is determined for the given number of pay-
loads anc reeutry conditioas,

3. Sizeable bus - The bus or booster provides propulsion for all burns, i.e.,
plane change, deorbit and spacing and makes waximum use of the Shuttle
payload bay. The resultant design is a new booster capable of deliivering
the specified payload number and weight at the proper reentry conditions.

4, Fixed Bus - Offloaded - The bus function is performed by the booster. The

amount of propellant required for the given payload weight, number and
reentry condition is determined,

5. Fixed Bus (Maximum capability) - The bus function is again performed by a

fixed booster, e.g., Iranstage. For a given reentry condition, the number
of payloads, the maximum payload weight is determined assuming all the

propellant is used.
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SPIN SYSTEM MASS ALGORITHM
camema ISFTDA
N = NUMBER OF VEHICLES
1480

§

SPIN SYSTEM STRUCTURAL MASS ~ LBy

0 1000 2000 3. 400
RV WASS - LBy

FIGURE 62
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=
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FIGURE 63
BOOSTER/BUS DESIGN OPTIONS -
0. UGT WEIGHT LENGTH
CASE APPROACH PAYLOADS | PAYLOADS BOOSTER|] BUS |BOOSTER | BUS
1 | Sizeable booster & Fixed Fixed Calc Calc.| Calc, Calc.
bus
v %
2 | Fixed booster- Fixed ! Calc. Fixed | Calc.| Fixed | Calc.
i sizeable bus !
 (Maximum capa- ’
gbih’ty)
3 !Sizeab]e bus Fixed Fixed -- calc.| -- Calc.
‘
4 i Fixed bus offloaded| Fixed . Fixed -- 2 Calc. - Fixed
? |
5 | Fixed bus - (maximum| Fixed Calc. -- Fixed{ -- Fixed
capability)
FIGURE 64
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Options 4 and 5 were considered in detail to establish the Transtage capabilities.

The propell int quantities and spin system structural sizing were based upon the
matri.. solution defined in Appendix C. For option 5 both the propellant weight for
each burn and the weight of each payload are unknown., For option 4, only the
propellant weight is unknown.

9.2.2 Transtage Capability - Figure 65 presents the maximum payload weight

the Transtage can deliver to the pierce point with 25 kft/sec relative velocity

and the range of flight path angles shown on the abscissa. Spacing of 90 sec between
each payload and the Transtage at pierce is assumed. An additional AV of 5000 fps
for plane change is allowed. Therefore, the results are applicable to both KMR
and Poker Flat impact. The solid lines on the chart represent maximum payload
weight as a function of flight path angle for 1, 2 or 4 payloads. For example, a
2000 1b payload can be delivered with first payload flight path angles of -24, -17
and -6 deg for 1, 2 and 4 paylcad configurations respectively. Dashed lines repre-
sent constant PDS length which does not vary with payload number. (The payloads
are mounted side by side on the spin table.) Payload weights as great as 5000-1b
are anticipated and would result in 40 foot-leng PDS configurations. For the more
typical 1000-1b payload, PDS lengths of 25 ft are to be expected.

Note that the Transtage can deliver up to 4 1000-1lb payloads with a flight
path angle of -10 deg. This implies considerable excess capability for flight path
angles in the -5 deg range. Figure 66 displays this excess capability in terms of
excess AV and percent offload as a function of flight path angle. These parameters
best typify excess capability. For a fixed booster, a low AV mission can be per-
formed by unloading excess pr jellant which reduces the booster launch weight in
the Shuttle payload bay. Alternatively, a full propellant load can be carried and
this extra propellant used to provide additional maneuver capability, e.g., addi-
tional plane change opportunities., In either case, the data shown in Figure 66
reflects the excess capability of Transtage to perform the shallow flight path
angle reentry., For example, a single 1000-1b payload at ~5 deg flight path angle
requires as much as 72% of the propellant to be offloaded, or a full propellant
load provides 8700 fps excess AV, This is a very inefficient use of an existing
booster and points out the need for a smaller booster for this type of mission.

The p2rformance data shown in Figure 65 can also be plotted as a functicn of

total impulse required. To some extent this provides the capability to consider other
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MAXIMUM PERFORMANCE CAPABILITY OF TRANSTAGE

POKER FLAT OR KWAJALEIN IMPACT
RELATIVE Vg = 25 KFT/SEC

90 SEC SPACING AT PIERCE
5000 FPS AV AVAILABLE FOR PLANE CHANGE

TOTAL LENGTH - FT

WEIGHT OF EACH PAYLOAD - 1000 LB

NUMBER OF

-K———--———' -

I_ (30

~ T -
~ ..

-5 -10 -15 20 =25 =30 -35
RELATIVE FLIGHT PATH ANGLE AT PIERCE - DEG

FIGURE 65
87

NVCDONNELL DOUGLAS ASTRONAUTICS COMPANY » EAST



PERCENT OFFLOAD

EXCESS AV - KFT,'SEC

VOL IV DOD ENTRY FLIGHT EXPERIMENTS REPORT MDC E1415
2 FEBRUARY 1976

TRANSTAGE OFFLOADING & EXCESS aV FOR 1000 LB PAYLOADS

POKER FLAYS OR KWAJALEIN MPACT
RELATIVE Vg = 25 KFT/SEC

90 SEC SPACING AT PIERCE
5000 FPS AV AVAILABLE FOR PLANE CHANGE
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booster systems of comparable total impulse for these missions. Figure 67 presents
the total weight of equal weight payloads as a function of total impulse required
for 1, 2 or 4 payloads. The tirst payload reenters at 25 kft/sec and the {light
path angles of =5, -10, =20 or =30 deg as identified on the figure. The curves
change little for either Pr r Flat or KMR entry so the data is applicable to
either, A 5000 fps AV reserve is sufficient for at least one plane change maneuver
at either location. The zero total payload weight corresponds to the Transtage with
no added payload. Its burnout weight is 3751 lb. This is the minimum total impulse
condition. Maximum total impulse of 6939 klb-sec corresponds to a full propellant
load. For a given total payload,shallow flight path angles require less total
impulse than sceep angles. For instance, for two 1000-1b payloads, the -5 aud =20
deg flight p~th angle total impulse requirements are 2700 and 6300 klb-sec, res-
rectively. Note that the -30 deg flight path angle capability is minimal for only
we payload.

Figures 68 and 69 present additional data on the total launch weight and length
>f the PDS 4s a function of total impulse required. The Transtage propellant is
arsumed to be offloaded to reduce launch weight in Figure 68, The minimum launch
weight points correspond to nu payload and a Transtage burnout weight of 3751,
Maximum weight points correspond to the full propellant load and represent the maxi-
mu2 capability «f Transtage. The launch length of Figure 69 is the combined length
of Transtage, the spin s:paration system, and the RV's, Minimum lergth of 14,83
feet is the Transtage alone length., The curves of Figures 68 and 69 allow estimates
of the weight and length of the launch configuration for the total impulse recuire-
ments of vaiious missions.

9.3 Minibus Sizing and Performance - The performance characteristics of each

of the Minibus concepts described in Section 11 was Jetermined for .ypical deorbit
trajectnries such as shcwr in Figure 70, A plane change burn requiring 1200 fps AV
was assumed to precede the deorbit burn at point 1. (lhis is somewhat low with
respect to the plane cnange AV for the example cases of Section 16.) Fayload
deplcyment was assumed at point 2, and a bus spacing burn at point 3., Burns 1 and
2 always arc spaced 7.5 minutec in time. The resulting time spacing of the pay-
load and bus at pierce is 90 seconds.

The performa..ce ccaparisons were achieved by fixing the inertial reentry velcc-
1ty at 25000 ft/sec, and parametr.cally investigating the inertial reeutry flight

path angle, The data of Secticn 9,2 was in terms of relative conditiors at the
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TRANSTAGE PERFORMANCE PARAMETRIC ~
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pierce point, Therefore, the Transtage results presented for comparison here differ
slightly from those of the previous section, For a fixed psyload of 1000 lb and
shallow flight path angles, propellant must be offloaded. The percentage offloading
required as a function of reentry angle is given in Figure 71, Zero offloading
corresponds to the maximum capability of the concept. A high percentage offloading
means that the Minibus is oversized for the mission and the lower total impulse
concepts are more practical, For these results both the OMS derivative and the
Transtage are oversized for reentry flight path angles shallower than -20 deg.

Instead of offloading propellant, the excess propellant can be used for plane
change maneuvers before deorbit., If this is done, percent offload is translated
into excess AV capability as shown in Figure 72. As for offloading, zero excess
AV occurs at the Minibus maximum capability. To achieve the desired approach
azimuth at Kwajalein on two consecutive passes, a very high excess AV capability
is required and only the OMS derivative and the IUS can achieve this at shallow flight
path angles. On the othe. hand, 2 consecutive passes at Poker Flat from Vandenberg
are well within the capabilities of any of tue concepts for shallow entry angles.

Figure 73 summarizes the offloaded propellant requirements for each of the
concepts assuming a flight path angle of -5 deg at 25 kft/sec velocity. The total
launch weight is less than 8500 1b for all concepts. However, the length varies
greatly because of the bus length and method of attaching the RV to the bus. RCS
derivatives 3 and 4 are minimum length because the RV and spin table can be sub-
werged in the bus. The Transtage is a maximum length because the RV and spin table
must be mounted atop the Transtage. The resulting packaging in the Shuttle payload
bay for RCS derivative 3 and the Transtage are shown in Figure 74, (The Minibus
could also be positioned in the front of the payload bay,) The remaining lengths
for shared payloads are 51 and 36-ft for the Minibus and Transtage, respectively.
Also shown on the figure is the relative cost for just the launch cost using the
Minibus and a Transtage., A rather simple costing brocedure based on used cargo
bay volume shows the advantage‘of the Minibus. The recurring cost for the Minibus
would be less than the Transtage and hence the launch cost is relatively low for
the Minibus, The Minibus has other applications where the energy requirements for
certain orbital missions are not excessive and its development cost could be
shared,

Excess AV capability can also be used to deorbit larger weight payloads. For
a full propellaut load, the maximum payload weight possible as a function of entry
angle is shown in Figure 75, These results include the change in weight of the
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MINIBUS SIZING/PERFORMANCE STUDY
OFFLOADING REQUIREMENTS

INERTIAL Vg = 25 KFT/SEC

PAYLOAD WEIGHT = 10608 LB
10 1200 FPS &Y FOR PLANE CHANGE
CODE:
1 - 4 RCS DERIVATIVES
6 5 ONS DERIVATIVES
TRANSTAGE
1] e §
[~ ]
< 4
S 3
.
S 2
[
S5
[ 3]
s
o &
1
m -
0
0 =10 20 30 40

INERTIAL REENTRY FLIGHT PATH ANGLE - DEG

FIGURE 7
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MINIBUS SIZING/PERFORMANCE STUDY
EXCESS aV CAPABILITY

6
5 MERTIAL Vg = 25 KFT/SEC

PAYLOAD WEIGHT = 1060 LB
ONE DEORBIT OPPORTURITY,”7 ORBITS

1200 FPS AV FOR PLARE CHANGE |
CODE:

[1 - 4 RCS DERIVATIVES
5 QNS DERIVATIVES
6 PDS

19

o

EXCESS AV - KFT/SEC

o

0 -10 -20 -30 -40
INERTIAL REENTRY FLIGHT PATH ANGLE - DEG

FIGURE 72
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SUMMARY OF MINIBUS LAUNCH CHARACTERISTICS

INERTIAL Ve = 25 KFT/SEC; Yg = -5 DEG; OFFLOADED

| tunteus concept "I ) L 2 ! 3 2 | 5 [ F
INERT WEIGHT (LB) w2s | 1751 | 2677 3202 |28 3750
PROPELLANT WEIGHT (LB) 132 | 2008 | 2623 |38 3221 | 3478
SPIN SYSTEM WEIGHT (LB) 270 270 | 270 | 270 | 270 | 270
RV WEIGHT (LB) 1000 | 1000 | 1000 }1000 [ 1000 {1000
TOTAL LAUNCH VEIGHT (LB) 3727 | 5049 | 6370 |7690 |eo00 |sass |
% OFFLOADED ul s3| e | &3 | 13 | e
SHUTTLE PAYLOAD BAY uw] 4 9 o | w6 | 2
LENGTH USED (FT)

CODE:

1 - 4 RCS DERIVATIVES
5 OMS DERIVATIVES
6 TRANSTAGE

FIGURE 73
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COMPARISON OF MINIBUS AND TRANSTAGE SHUTTLE PAYLOAD BAY UTILIZATION

LAUNCH COST MINIBUS WITH 1000 LB PAYLOAD /
4

SHUTTLE: 1/6 (10M)
BUS: 2 M / == o mem

$37m 7/:.' —_F=—SHARED PAYLOADS —lwi5h

.’

- - -

N—- _ B ‘ -t

1/ PAYLOADS B
il _ Y

SHUTTLE: 1/2 (10M) !

--—C M
Bus: 4 M P 2 - S—————————— > .‘
w7 % ) ) e S

NOTE: 1971 DOLLARS

FIGURE 74
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MINIBUS SIZING/PERFORMANCE STUDY

MAXIMUM PAYLOAD CAPABILITY
0 34 5 6
IERTIAL V= 25 KFT/SEC
ONE DEORBIT OPPORTUNITY/7 ORBITS
mérs AV FOR PLANE CHANGE

1 « & RCS DERIVATIVES
5 ONS DERIVATIVES
6 PDS

MAXISUM PAYLOAD - KLB

B\

=10 =40
INERTIAL REENTRY FLIGHT PATH ANGLE - DEG

FIGURE 75
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spin separation system with payload weight. As would be expected, the OMS deriva-
tive and IUS have a very high payload weight capability &t moderate flight path
angles, PFor angles shallower than -10 deg, concepts 3 and 4 also have payload
capability greater than 10,000 1bs,
The conclusions of the Minibus-Transtage comparisons are:
1, The Transtage is significantly oversized for high velocity - shallow
flight path angles.
2. RCS derivative packages can be configured which significantly increase
shared payload bay length,
9.4 Finite Burn Analysis - All the analyses presented in this report are

based upon impulsive AV assumptions, i.¢.s the AV is applied instantaneously at a
point in the trajectory. This corresponds to a booster with very high thrust over
a short time interval. For boosters such as the Transtage and Centaur maximum burn
times are approximately 450 sec, Therefore, the purpose of this section is

to compare impulsive AV results with finite burn analyses to define the range of
validity of the impulsive AV analyses for Transtage and Centaur,

Finite burn analyses were received from Duane Dugan of Ames Research Center,
Reference 9, The most severe limitation of the impulsive AV assumption occurs
for the deorbit burn of Strategies A or B at steep flight path angles and large
payloads, However, this conclusion is dependent upon the thrust vector polnting
logic used. The angle between the velocity vector and the thrust vector in this
analysis was set equal to the angle that an impulsive AV burn requires to achieve
the desired velocity and flight path angle. For a long burn time low thrust appli-
cations the thrust vector becomes aligned with the velocity vector at the end of the
burn, Different thrust vector orientation will provide different results than
described here, As a consequence, each special case should be considered individually.

For Strategy ‘A deorbits, tﬁe impulsive AV assumption is valid to approximately
=20 deg flight path angle reentries for the velocities of interest. For steeper
flight path angles, reworking of the guidance law for thrust vector aiming is
required before an assessment of the applicability of the impulsive analysis can
be made.

For Strategy C both Transtage and Centaur can provide the complete range of
flight path angles and velocities of interest for payloads in the 1000 to 2000 1b
class, Figures 76 and 77 present these data as a function of the orbit apogee radius.
For a fixed flight path angle, more propellant is required to achieve the higher

apogee or higher velocity conditions, If a particular Strategy A maneuver cannot
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STRATEGY C FINITE BURN CAPABILITY OF CENTAUR
PAYLOAD = 2000 LB

INERTIAL REENTRY
FLIGHT PATH ANGLE
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-50°
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0 1.0 1.2 1.4 1.6 1.8 2.0
APOGEE RADIUS - EARTH RADII

FIGURE 77
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be achieved because of finite burn limitations,then a Strategy C deorbit would be
required, Datailed data om the effects of finite burn are conteined in Reference
9. In conclusion, finite burn analysis indicates a need for a high thrust booster

to achieve Strategy A deorbit maneuvers for steep flight path angles. The alternate

to this is a Strategy C mameuver which is asily performed by Transtage class
boosters,
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10. DELIVERY SYSIEM ACCURACY

10.1 Navigation Error Dispersions - The Mathematical Physics Branch of the NAS
provided navigation error covariance matrices for use in the Shuttle payload dis-
persion studies. It was assumed that the Shuttle would be tracked, using S~band,
by either the ground network (STDN) or a relay satellite (TDRSS).

Figure 78 contains the typical navigation error covariance matrices for two
navigation configurations. These matrices are representative of the following
cases:

(1) Good tracking by the ground network (i.e., tracking within two revs of

the rendezvous sequence)

(2) Moderately good tracking by the ground network (i.e., tracking within

6-8 revs of the rendezvous sequence) )
These data are applicable for Shuttle orbiting at altitudes of 150 NMI or above,
The diagonal terms represent the square of the error component applicable to this
navigation analysis,

Figure 79 shows the results of a preliminary navigation amalysis for the first
payload of a typical deorbit trajectory such as that shown ir. Figure 32 of Section
16. The two Shuttle navigation situations described above are represented.

A considerable difference in initial error occurs as a result of tracking con-
ditions. (be, fYo’ fzo c?rtespond to downrange, crossrange, and altitude error,
respectively. 6!0, GYO, czo are the corresponding velocity error components.)
1he downrange er .or component, cxo, at launch has a one to one correspondence
with the error at the pierce point. The pierce point is merely displaced in range
by the same amount as the position error at launch. As a consequence, for the
tracking conditions shown, the pierce point dispersion due to this error source is
small. The crossrange error component, BYO, is large and results in appreciable
errors at the pierce point for the moderate tracking situation. The sensitivity
used in this case is a function of the total angular difference from payload deorbit
burn to the pierce point. It has a maximum magnitude for orbits with 180 degrees
between launch and pierce and zero for orbits with 90 degree angular displacement.
The dispersion is approximately 6Y° cos 0 where 6 is the angular dispiacement
between launch and pierce. The altitude position error 620 affects the range error
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NAVIGATION ERROR COVARIANCE MATRICES

(1) lo - COVARIAKCE MATRIX FOR GOOD TRACKING BY GROUND NETWOBK (Y.E., WITHIN 2 REVS)
UV ORBIT PLANE COORDINATES, FI AND FPS,

« 294703404

—
«275671405 -.802681+05
« 799405406
SYMMETRIC
)

-.197430+05

«116392405

2932597402

~. 795606+03

-182926+02
«803689+00

~.1774564+02
+375508402
«128867401
-.680565-01
.240196-01

3 RSS POSITION, VELOCITY - 2747 FT, 2.8 FPS

UVW ORBIT PLANE COORDINATES, FT AND FPS

-
-.126507+01
-.106974403
-+334140+01

.977056~01
«1361G6~02
.525264~01

-

lo - COVARIANCE MATKIX FOR MODERATELY GOUD TRACKING BY GROUND NETWORK (I.E., WITHIN 6~8 REVS)

[-.76011313406 -.356621790+07 ~+ 34966330406 +683145554+04 -.29091973+03 -.21568061*0ﬂ
+42285730408 +26182837+07 -.51019620+05 «21693150404 16223562405
.17036212+06 -.31603293+04 .13369130+03 +10912055+02
«61559055+02 -.260171425401 -.19590073+00
.113704854+00 .81488845-02
«23023495-02
_SY?E(E'[RIC p—
3 RSS POSITION, VELOCITY - 19722 FT, 23.6 FPS
FIGURE 78
PAYLOAD PIERCE POINT DISPERSIONS
DUE TO TRACKING ERRORS
ERROR 1c ERROR DOSTRANGE ™ - 1o | CROSSRANGE N¢ - 1o |
SOURCE | ¥OD. CO0D | C000—] T0D. GOOD|  GOOD :
TRACKING  |TRACKING  ISENSITIVITY |TRACKING | TRACKING |SENSITIVITY|TRACKING | TRACKING
(6-8 REYS) |(2 REVS)
X, £72 FT 166 FT 1 FT/FT 144 0273 0 0 0
oY, 6500 FT {894 FT 0 0 0 |-.958 Fr/eT| -1.025 | -.141
$2, a12 FT 108 FT .00557 t/FT| 2.3 .602 0 0 0
8%, 7.8 FI/SEC |89 FT/SEC (6.4 W/FT/ 50 5.7 0 0 0
5V 1/5ec] 155 FT/SEC] 0 0 0 | .0408 N .0138 | .00632
v .337 Fr/sec] 155 FT/ 0z o
eio .088 F1/sec] .229 FT/sEC] . 588 uuégr/ .0282 35 0 0 0
C
FIGURE 7%
A3, PAGE B
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at pierce by changing the orbital parameters of the trajectory. A derivation of
the sensitivity of pierce point range to launch altitude error is provided in
Appendix D. With moderate tracking, the downrange error is 2,3 NMI. Better track-
ing reduces Lhis crvor component considerably, This is the most significant error
component of the three position errors,

. 0f the three velocity tracking errors, 6;(0, 6:10, Gio’ the downrange component,
6xb, shows the most sensitivity. This sensit sity is derived in Appendix D and is
dominated by the sensitivity of trajectory range to initial velocity. Tracking
within .15 ft/sec would be required to reduce this component to less than 1 NMI.

The out of plane velocity error, Gio’ results in a heading angle error at launch.
The resultant pierce point range dispersion is maximum 9C deg from launch and
minimum 180 deg from launch. The error is approxinately(ﬁ;oIV)sin 8 where V is the
ballistic trajectory velocity at the launch point and § is the angular displacement
between launch and pierce, For nigh velocity deorbit trajectories this component
is small. The tracking error for vertical velocity has a moderate sensitivity
which is derived in Appendix D. However, the dispersion at pierce is small because
the tracking error at launch is small,

In conclusion, the navigation error which results in the most significant range
dispersion at pierce is the downrange velocity error. The sensitivity of this error
component varies strongly with the flight path angle desired at pierce as demonstrated
in Figure 80 for a typical Poker Flat reentry at 25 kft/sec. The sensitivity
decreases by an order of magnitude between ~5 and -40 deg flight path angle. For
instance, a 1 ft/sec tracking error for a -5 deg and ~40 deg reentry results in a
5.7 and ,50 NMI dispersion at pierce, respectively.

10.2 Navigation System Accuracy - Figure 81 summarizes the navigation system

error sources and resultant pierce point dispersions. The payload navigation system
considered was the Delco Carousel V IMU of Reference 10. Transfer aligmment assumed
alignment maneuvers of the Shuttle of 1 8, with acceleration matching. The downrange
and crossrange dispersions due to alignment and drift are small with respect to the
dispersions due to initial position and velocity errors described previously. For
deorbit maneuvers requiring higher accelerations and PDS maneuver rates, the align-
ment errors will increase. However, the resulting dispersions will, in general, be
small with respect to dispersions due to tracking errors.

For multiple payload deorbits, subsequent payloads deployed will suffer from

the same navigation error sources., The deorbit burn uncertainty will be compensated
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SENSITIVITY OF PIERCE POINT RANGE TO LAUNCH VELOCITY

POKER FLAT REENRTRY

RELATIVE REENTRY VELOCITY = 25 KFT/SEC
RELATIVE REENTRY AZIMUTH = 60 DEG
DEORBIT BURM ALTITUDE = 160 NMI

(- -2~ -

SENSITIVITY DERIVATIVE, 3RANGE/?VELOCITY, W1I/FT/SEC

. i \ ! ) ] L |
-5 -10 -15 -20 -25 -30 -35 -40

RELATIVE FLIGHT PATH ANGLE AT PIERCE - DEG

FIGURE 80
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PAYLOAD PIERCE POINT DISPERSIONS
DUE TO GUIDANCE SYSTEM ERRORS
IHPLANE DOWNRANGE (10)
ERROR SOURCE (1) SENSITIVITY (HMI1)
PLATFORM 97 uRAD 1450 NM/RAD 141
ALIGHMENT
TRANSFER* 86.7 LRAD 1450 NM/RAD 126
ALIGHMENT
GYRO DRIFT 6.83 LRAD | 1450 HM/RAD .0099
OUT OF PLANE CROSSRANGE (1¢)
ERROR SOURCE (10) SEUSITIVITY (1MI)
PLATFORM 315 uRAD 85.2 NM/RAD .0268
ALIGHMENT
TRANSFER* 86.7 uRAD | 85.2 NM/RAD .00738
ALIGNMENT
GYRO DRIFT 6.83 uRAD | 85.2 NM/RAD 000581
FIGURE 81
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for by IMU acceleration measurements but the additional payloads will suffer from
uncertainties in their own deployment AV's. They will also experience additional
IMU drifts. It is conjectured that these will not be excessive. In summary, for

reentries at shallow flight path angles and high speeds, the pierce point dispersions
will be larger than 1 NMI for typical tracking errors, The navigation system errors
will be small compared to the tracking errors.
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11, BUS DESIGNS AND VEHICLE INTERFACES

The general requirements for the Shuttle Payload Deployment System, PDS, were
defined in Reference (2). The PDS designs which were developed to satisfy these
renuirements are presented in Sections 11.1 through 11,3, The Shuttle payload
i erfaces are described in Section 11.4.

A brief summary of the PDS requirements is provided in Figure 82. The DoD
philosophy implied by these requirements is one of maintaining operation approxi-
mating ground launch. A large number of payloads with a range of weights and sizes
must be accommodated. This implies that a single PDS design may be oversized for
many mission requirements. In addition, this requirement favors liquid propellant
system because of the multiple burn requirements for a wide range of total impulses,

Access to the payloads for servizing must be provided prior to launch. During
the Shuttle orbit, automatic checkout of the payloads will be necessary with data
transmittal to ground stations for system readiness verification. No in orbit manual
checkout is anticipated or desirable,

The 1 kw power and cooling requirements from Shuttle are for each payload. For
eight payloads these requirements can become excessive. This is also true for the
communications interface requiring 5 data links per payload. In general, however,
only a few fully instrumented RV's are deployed on a given mission.

The attitude control and separation system requirements for the multiple RV's
are analogous to ground launch systems. For a liquid propellant PDS, the attitude
control can be maintained by the booster, e.g., Transtage. For solid rocket motor
PDS additional chemical propellant attitude control systems are required. The
separation of the RV's from the booster or bus can be accomplished using either
spin tubes or tables analogous to those used on RVIO~-2A, Reference 1ll., An alternate
approach to spin stabilization using spin jets on each RV is also feasible but not
used in this study. This approach could reduce PDS launch weight for the smaller
RV's,

The PDS needs a prcpulsion system to deorbit from the Shuttle orbit, change
the orbital plane, and provide spacing between multiple RV's, 3Decause of the
potential for a large number of significant AV burns a liquid propellant system
provides more flexibility, However, for special cases where deorb’t and plane
change burns can be made simultaneously, single stage solid rocket motor propulsion
is feasible,

Once the PDS separates from the Shuttle it must provide the orientating

maneuvers to perform multiple burns and deploy payloads. As a consequence, it
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RV CARRIER BUS STUDY GENERAL REQUIREMENTS

BUS CONFIGURATION - UP TO 8 RV'S
- RV WEIGHTS UP TO 99CC LBS
- RV LENGTHS - UP TO 185", DIA'S 45"
SERVICE (ONLY AT LAUNCH PAD)
- GROUND, INDIVIDUAL SYSTEM CHECKOUT
- ON ORBIT (IN SHUTTLE), SYSTEM CHECKOUT
RELAY VIA SHUTTLE TO GROUND
POWER - ON SHUTTLE
SHUTTLE SUPPLIES UP TO 1 KW AC
- FREE FLIGHT BUS BATTERIES
COOLING - ON SHUTTLE 1 KW
~ FREE FLIGHT - BUS SUPPLIED COOLING
COMMUNICATIONS - RF LINKS (5) TO SHUTTLE/GROUND STATIONS
BANDWIDTH 1 MHz
ATTITUDE CONTROL SYSTEM
- CHEMICAL PROPELLANT ATTITUDE CONTROL SYSTEM
RELEASE SEPARATION SYSTEM
- RELEASE/SEPARATION FROM BOOSTER
- RELEASE/SEPARATION FOR UP TO 8 RV'S
PROPULSION SYSTEM FOR BUS
GUIDANCE/COMPUTER SYSTEM
- ORIENTATING BUS FOR MULTI BURNS
- ORIENTATING BUS FOR DEPLOYING PAYLOADS
INTERFACES
STRUCTURAL WITH BOOSTER
ELECTRICAL WITH SHUTTLE
RF & HARDWIRE WITH SHUTTLE
HARDWIRE/CHECKOUT WITH GROUND

o

o O o

FIGURE 82
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needs its own guidance system,

Prior to deployment, the PDS must be compatible with the structural, electrical,
communications, and thermal interfaces of Shuttle., In the event of an aborted
nission, the PDS must survive the Shuttle landing environment.

The desigrs presented in this section were developed to satisfy these requirc-
ments. In contrast to a ground launch system which at launch is at zero velocity
and altitude, a Shuttle deployed payload has an initial velocity of approximately
25 kft/sec at an altitude of 160 NMI. The Shuttle, in effect, has supplied a little
too much energy to the payload and put it into orbit. The PDS must get the payload
out of orbit. The PDS was placed into orbit in a closed payload bay and, therefore,
does not have to be designed for aerodynamic loads and heating, It must, however,
be designed for the vibration levels associated with ground launch., In addition
to providing the spacing and oriertation burns of a typical ground launch payload
bus, it must also provide the burn to establish the deorbit trajectory. This is
an additional requirement which ground launch payload buses do not have, In
general, the deorbit burns require large AV and, therefore, a significant amount
of propellant.

As a first step in meeting these requirements, five options described in
Figure 83,were explored for the PDS concept. Each option represents a method of
interfacing propulsion stages with payloads to meet the DoD requirements on payload
number and spacing. The first option looks very much like a ground launch bus
except that the propulsion stage is typically of Transtage class but could be as
large as a Centaur, It uses a single propulsion system for all the burns, Because
the buoster is also used for the spacing burn, a considerable amount of inert weight
is being carried to do spacing burns. This, in effect, limits the payload capabil-
ity of this configuration,

The second concept improves upon the payload capability by separating tne
booster, which provides the deorbit burn, at the completion of that burn, This
eliminates a considerable amount of inert weight, The deploved bus provides the
propulsion for the spacing burns —a function analogous to ground launch payload
buses,

Options 3 through 5 are attempts to reduce total system weight by providing
dedicated propulsion systems for each payload., These concepts result din packaging
difficulties in.the Shuttle payload bay and an increase in the system complexity,

Multiple guidance systems are required and the number of reentry objects increases
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OPTIONS EXPLORED FOR MULTIPLE-PAYLOAD DEORBIT
NUMBER OF PAYLOAD BURN TIME
BOOSTERS/SEPARABLE SPACING SPACING COMMENT
OPTION CONCEPT BUSES BURN (SEC)
\/ 1 1/0(COMMONBUS)  BOOSTER 60 L L OAD IR
J 2 [ iioeriovepeus)  Bus 60 L AAREoES PAYLOAD
(+) MINIMIZES AV
c—=> N/O BOOSTERS 0 REQUIREMENTS
I => (—) SHUTTLE PACKAGING
— DIFFICULT
== (+) SHUTTLE PACKAGING
4 = UN BUSES 0 FEASIBLE
> (—) COMPLEX SYSTEM
e == = (+) MAXIMIZES PAYLOAD
5§ > N/N BUSES 0 {(—) COMPLEX & SHUTTLE
o> PACKAGING DIFFICULT

o

OPTIONS STUDIED IN DETAIL
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significantly. The advant.ge of a system such as option 3 is shown in Figure 84
where 3 RV's with Burner 1I boosters can bLe carried in the Shuttle payload bay.
These payloads could be deployed simultaneously or on consecutive orbits to provide
multiple reentry at various impa-t points.

The disadvantages of options 3 through 5 far outweight the advantages. As a
result, these were not studied in further detail. Option 1, however, did hzve many
advantages and received the most detailed study. For instance, reentry conditions
at high velocity and shallow flight path angle can be achieved with only small
deorbit burns from the Shuttle orbit. A booster such as Transtage can meet the
propulsion requirements for such missions. In addition, if the number of payloads
is two or three or if the spacing requirement for a large number of payloads is
only a few seconds, then the spacing burn requirements are not severe. Again, a
Iranstage class booster can perform most missions., In fact even a Transtage class
booster is overdesigned for some of these missions, Option 2 concepts are only
required in the extreme cases of large number of heavy weight RV's with large spacing
requirements, This option was only considered to fulffll these special require~
ments. The next section describes the option 1 and 2 design concepts,

11.1 PDS Designs - Each PDS design for option 1 consists of a booster, spin
separation system, and RV's. The designs presented in this section are intended to
represent typical configurations. In Section 11.2, specific designs are presented
which meet the mission requirements of the six example cases described in Section
3.2, Figure 85 shows a design for a single RV of the 2500 1b class. The booster
shown is the Transtage for comparison purposes. Its characteristics are described
in detail in Section 8. Other boosters can be substituted for the Transtage. The
method of attachment of the tubular support structure to the booster may change,
however, for different boosters.

The spin separation system design is based upon that developed for RVIO-2A,
Reference 1ll,with the following exceptions. Since the RVI0O-2A system was a ground
launch system, the tubular, aluminum support structure had to be redesigned to
attach to the Transtage interface ring, In addition, the system was redesigned
to accommodate the aborted landing loads experienced in the Shuttle payload bay,
Otherwise, the system is a scaled up version of the system used for the large
vehicles of the RVIO-2A flights., The spin table consists of a helical, prewound
spring which is released by pyrotechnic bolts. The RV is then spun-up to the
desired RPM, usually of the oraer of 60 RPM, and released, The booster performs

all the guidance, propulsion, and orientation functions of a ground launch bus,
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VEHICLE CONFIGURATION FOR TESTING A SINGLE 2500 LB RV
A
SPIN TABLE ASSY .I

\—(1) 2,500 LB REENTRY VEH!CLE [t

A-

194.0 IN i

NEGATOR SPRING MOTOR ASSY
4 PLACES (SPIN SYSTEM)

TUBULAR SUPPORT
STRL..TURE

PAYLOAU/BOOSTER
ATTACHMENT (8 PLACES)

FIGU
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After payload deployment, the booster with attached spin separation system perform
an orientation maneuver and spacing burn to reenter at the desired pierce point.

The PDS system consists of proven subsystems, i.e., Transtage booster and
RVIO-2A type spin separation system. This is expected to minimize development cost
and risk, In addition, this basic PDS configuration with changes to the spin separa-
tion system to accommondate different payloads, is applicable to a wide range of DoD
mission requirements.

For instance, Figure 836 demonstrates the PDS configuration for a small 350 1b
RV. In this case a spin tube replaces the spin table. The spin tube allows for
more efficient packaging of the smaller RV's and was used on the small vehicles of
the RVIC-2A flight. Note that the nose of the RV is almost tcuching the booster
front face. This reduces the total PDS length and frees more of the Shuttle payload
bay for shared payloads.

Figure 87 details some design concepts for deploying 4, 6, or 8 RV's of various
weights and sizes. 1Two large vehicles of the 3500 1t class are shown mounted side
by side on spin tables, These are nearly the maxirm size for geometric fit of two
RV's on the 1C ft diameter of a Transtage booster, Tt~ attachment to the booster
is provided by a structural ring with cross beams to iransfer the RV inectial load-
ing to the ring. This structural design can accommodate the many arrangements shown,
The 3-1500 1lb vehicles of the second sketch are shown in spin tubes. More detailed
design may prove that a spin table is more desirable, In either case, the 3 large
vehicles can be accommodated. The particular orientation of the RV on the spin
separatiocn assembly is not important for payload deployment purposes. The PDS
must manevver to a predefined orientation for any packaging of the payload. ihe
particular orientation is a function of the payload packaging. Therefore, nrose
first, base first or sideways packaging is permissable and is dictated only by
efficient use of the available space.

The eight 200-1b RV case shown in the bottom sketch of Figure 87 may require
more booster capability than Transtage can provide, This is especially true if a
spacing requirement of 90 seconds at pierce is required between each paylioad.

Figure 88 presents an option 2 design which can better meat these more severe
requirements., Tre booster remains the Transtage it a systems module is added which
performs the guidance and propulsion requirements analogous to a ground launch pay-
load bus. The systems module and RV package are in fact analog: :s to the ground
launch bus, Only the initial deorbit burn is provided by the b.-:ster, It separates

at the completion of that burn and the systems module pruvides che remaining burns,
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VEHICLE CONFIGURATION FOR TESTING A SINGLE 350 * B RV

—e

A——id

TUBULAR SUPPORT

PAYLOAD/BOOSTER
ATTACHMENT
{8 PLACES)

A-A

FIGURE 86
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MULTIPLE PAYLOAD PDS CONCEPTS

2) 200LB _ ) 3500 LB VEHICLES
VEHICLES

SPIN TABLE (2 PLACES)

f 3
o o~ oo
i 1 2450 IN.——.
| ———4226 IN. (355 FT)
| RV SPIN/SEPARATION
: - ASSEMBLY ;ﬂ\ (3) 1500 LB VEHICLES
—~7 e (3) 75 LB VEHICLES
K 4
N— o
~125.0 IN.—
= 3026 IN (352 FT)

RV SPIN/SEPARATION ASSEMBLY
- % (T (4) 700 LB VEHICLES

-

TRANSTAGE BOOSTER |\ . ~ % | . ;
-~ > . /c T \_,‘ KS )‘
. ‘ (4) 75 LB VEHICLES
Vs

R
—87.0 IN.—

2646 IN. (2.1 FT)—

P ~_.—(8) 200 LB VEHICLES
- % g -

&> 7% R R SRS ¢
o | =
SR Pas

700~

~—247.6 IN. (20.7 FT)~

FIGURE 87
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DEPLOYABLE BUS CONCEPT FOR (8) 200 LB RV'S
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As shown in the cross section view it has all the equipment required to be an
autonomous system, Because of the large number of maneuver and spacing burns
required, it is a liquid propellant system. This type of option 2 PDS would be
required for very steep flight path angle missions with multiple payloads spaced
far apart at pierce. As is evident from the fiyure, the system is complex. Both
the booster and the system module have their own instrumentation, propulsion,
electrical, attitude control and communication equipment,
In conclusion, the simplest, least risk PDS for Shuttle consists of a booster,
spin separation system and RV's - the option 1 concept. The booster pre-
ferably is a liquid propellant system to supply multiple burns. Any additional
system modules complicate the PDS and involve additional development coest and risk.
The next sections describes the designs which meet the mission requirements

of the example cases identifiea in Section 3,.2.

11.2 Example Cases PDS Designs - The requirements for the example cases are
described in Section 3.2 and the mission profiles and performance are described in
Section 16. The PDS design and mass properties for example case 1 are shown in
Figure 89, The €00-1b RV is centerline mounted in a spin tube., A 30-1b pen-aid
is mounted off centerline. The Transtage booster is described in Section 8 and
the spin separation system in Section 1l1l.1. The mass properties, i.e., mass,
center of gravity, and moment of inertia of the structure and RV's forward of the
booster interface are given in the table. 8Booster masses are given in
Section 8. The X coordinate is along the centerline measured from the booster
interface, the Y-coordinate is measured perpendicular to the centerline and to the
right in section AA; the Z-coordinate is also perpendicular to the center line and
up in Section AA., Note that there is a slight c.g. offset due to the off center-
line positioning of the pen-aid. The total weights given in the table will differ
slightly from those given in Section 16 because these have been refined to reflect
design changes and more optimum packaging.

Figure 90 presents the example cases 2 and 4 PDS design for a 1000 1b RV,

The RV is mounted on a spin table analogous to that described in Section 1l.l. The
spin system and RV mounting are symmetric as indicated by the mass properties,
This same RV could easily be mounted atop the solid rccket motor IUS as shown in
Figure 91, There is little difference in size or interface requirements between
the Transtage and SRB. Consequently, the PDS designs provided could be shown with
an SRB. However, only in a few special cases can the SRB perform the DoD missions
without an additional stage. Example cases 1 and 6 show potential for use of the
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VEHICLE CONFIGURATION FOR EXAMPLE CASE |
(ONE 600 LB RV & ONE 30 LB PEN AID)

13eLs

WEIGHT LESS BOOSTER = 860 LBy
SINGLE 600 LB RV,
SINGLE 30 LB PEN AID
SPIN TABLE & TUBULAR
SUPPORT STRUCTURE

CENTER OF GRAVITY
X (FWD OF BOOSTER = 50.0 INCH
INTERFACE)
Y (FROM ¢) =0
Z (FROM ¢) = 1.6 INCH

MOMENT OF INERTIA
ABOUT X AXIS = 36.8 SLUG FTZ
ABOUT Y AXIS = 129.1 SLUG FT2

| ABOUT Z AXIS = 1226 SLUG FTZ

122

TUBULAR SUPPORT ASSEMBLY

AYLOAD 'BOOSTER

ATTACHMENT (8 PLACES)

FIGURE 89
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VEHICLE CONFIGURATION FOR EXAMPLE CASES 2 & 4
(SINGLE 1000 LB RV)

<

(1) 1,000 LB REENTRY
VEHICLE

SPIN TABLE ASSY.

134.0 1N \
\_ TRANSTAGE BOOSTER

NEGATOR SPRING MOTOR ASSY
4 PLACES (SPIN SYSTEM

TUBULAR SUPPORT
STRUCTURE

PAYLOAD, 'BOOSTER
ATTACHMENT (8 PLACES

MASS PROPERTIES

WEIGHT LESS BOOSTER = 1270 LBy
SINGLE 1000 L8 RV
SPIN TABLE & TUBULAR
SUPPORT STRUCTURE

CENTER OF GRAVITY
X (FWD OF BOOSTER = 61.3 INCH
INTERFACE)
Y (FROM ¢, =0
Z (FROM ¢) =0

MOMENT OF INERTIA
ABOUT X AXIS = 39.7 SLUG FT2
ABCUT ¥ AXIS = 305.1 SLUG FTZ
ABOUT Z AXIS = 305.1 SLUG FT2
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COMPATIBILITY OF RV INSTALLATION WITH
SRM 1US & TRANSTAGE

SOLID ROCKET MOTOR (SRM) IUS

{1) 1,000 LB REENTRY
VEHICLE

TRANSTAGE

(1) 1,000 LB REENTRY
VEHICLE

FIGURE 91
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SRB as the booster because the plane change and deorbit burn can be combined.

The PDS design for example cases 3 and 5, Figure 92, results in the heaviest
and most forward c.g. design of the six example cases. The RV's are mounted side
by side on spin tables which results in a c.g. 65.7 inches forward of the booster
interface. This c.g. and the 2273 lbm load is well within the payload interface
requirements of Transtage. The mounting is symmetric and no c.g. offset results.

The case 6 PDS design, Figure 93, packages 2-350 1b RV's and 4-30 1lb pen
aids in spin tubes. The resulting assembly weighs 1110 1lb and has a c.g. 45.2 in
forward of the interface. This is a less severes payload configuration than the
previous case.

In summary, example cases 1 through 6 can be accommodated by the option 1
booster, spin separation system, RV's concept. However, in the particular case
of high velocity, shallow flight path angle reentry even Transtage class boosters
are oversized, In this case, additional development of Minibus concepts may be
warranted.

11.3 Minibus Designs - The Minibus concept was studied as an alternate to
using the heavier Transtage for deploying the lighter, low AV reentry experiments.
The Minibus evolved from a Velocity Package, developed in Reference 12, for use
with Shuttle. Figure 94 shows the Velocity Package configurations. The configura-
tions are made up of modules configured from the Shuttle Reaction Control System
(RCS) components including the propellant pressurization and engine system, By
combining several of these modules, higher total impulse is obtained. Components
of the Shuttle Orbital Maneuvering System (OMS) could also be used. The OMS and
RCS components were selected because (1) they will be fully qualified to all
Shuttle requirements and hence have no development risk, (2) they will be fully
compatible with all Shuttle flight, ground and maintenance requirements and equip-
ment, and (3) they will be the newest and hence latest state of the art propulsion
components from a performance standpoint. Details of this system design are given
in Reference 12.

Figure 95 presents the Minibus concept which uses the two module RCS package
of Figure 94. This provides a PDS of 170 inches in length and 110 inches in diameter
which fits easily into the Shuttle payload bay and can perform the missions des-
cribed in Section 9,3, Both RCS derivative 1 or 2, which use 1 or 2 RCS modules,
have the payload mounted on a spin table atop the bus. In addition, the Minuteman

guidance system is assumed to be the guidance system,
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VEHICLE CONFIGURATION FOR EXAMPLE CASES 3& 5
(TWO 1000 LB RV)
(2) 1,000 LB REENTRY
VEHICLE

M
f

SPIN TABLE ASSY- -

134.0 IN —-—l \
TRANSTAGE BOOSTER
TUBULAR SUPPORT

STRUCTURE

“—==.__NEGATOR SPRING MOTOR ASSY
8 PLACES (SPIN SYSTEM)

PAYLOAD, BOOSTER ATTACHMENT
(8) PLACES)

MASS PROPERTIES

WEIGHT LESS BOOSTER = 2273 LBy
TWO 1000 LB RV'S
SPIN TABLE & TUBULAR
SUPPORT STRUCTURE

CENTER OF GRAVITY
X (FWD OF BOOSTER = 65.7 INCH
INTERFACE)
Y (FROM §) =0
Z (FROM §) =0
MOMENT OF INERTIA
ABOUT X AXIS = 235.1 SLUG FT
ABOUT Y AXIS = 666.2 SLUG FT2
| ABOUT Z AXIS = 520.8 SLUG FT?

FIGURE 92
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VEHICLE CONFIGURATION FOR EXAMPLE CASE 6
(TWO 350 LB RV'S & FOUR 30 LB PEN AIDS)
]
(2) 350 LB
REENTRY \ .
VEHICLES ' X
S !
] B —
! ,,/’/
S
RV SPIN/ y/
SEPARATION |
ASSEMBLY -
““‘ . \—TRANSTAGE BOOSTER
- T
WASS PROPERTIES

TUBULAR SUPPORT
STRUCTURE

~—(4) 30 LB PENETRATION
AIDS

PAYLOAD BOOSTER
ATTACHMENT (8 PLACES)

WEIGHT LESS BOOSTER = 1110 LBy
TWO 350 LB RV
FOUR 30 LB PENT. AIDS
SPIN TABLE & TUBULAR
SUPPORT STRUCTURE

CENTER OF GRAVITY
X (FWD OF BOOSTER
INTERFACE)
Y (FROM ¢)
Z (FROM §)

MOMENT OF INERTIA
ABOUT X AXIS= 91.4 SLUG FT2
ABOUT Y AXiS = 145.6 SLUG FT2
ABOUT Z AXIS = 118.2 SLUG FT2

= 45,2 INCH

0
0
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VELOCITY PACKAGE DESIGN OPTIONS

2.8 m
~— (110 m)**]
-7
"~ 1.57 m
. (62 IN)

SINGLE MCDULE

3.66 m
(144 )

U =y 315 m
N /// 7 \ (126 Ih)
THREE MODULE 4 MODULE
FIGURE 94
MINIBUS CONCEPT
(RCS DERIVATIVE 2)

(4) 900 |.B THRUST ENGINES
a0 >

| /\/_)_l\
170 IN. (4) PROPELU\NT/

TANKS

() PRCSSURANT TANKS\

SPiN TABLE

‘~—___-__________——-"1

{1y 1,000 LB RV

FIGURE 95
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By using 3 or 4 RCS modules in RCS derivatives 3 and 4, the payload is semi-
submerged in the center of the configuration as shown in Figure 96 for a three
module system. This arrangement minimizes the length of the resultant launch con-
figuration. It i. only 9,5 ft long for a 1000 1b RV, A fifth concept, a deriva-
tive of the Shuttle Orbital Maneuvering System (OMS), is shown in Figure 97. It
uses the propellant, pressurization, and engine system of the OMS system, The RV
is mounted on a spin table atop the bus. For all concepts a Minuteman type guidance
system was assumed,

The physical and propulsion characteristics for the fives concepts and the
Transtage are contained in Figure 98, The concepts are shown in order of increasing
launch weight and propulsion stage length. The RCS derivatives 3 or 4 seem the most
attractive because they minimize length, have a moderately high thrust level, and
weigh between 1/3 to 1/2 of the Transtage fully loaded, In addition, they need not
be offloaded for the shallow flight path angle high velocity reentries described in
Section 9.3. These Minibus concents are a sirong candidate for a PDS in that flight
regime,

11.4 Payload Interfaces ~ The interfaces of the PDS in the payload bay with

Shuttle were identified for communications, environmental, electrical power, struc-
tural, and thermal control. In general, these interfaces with Shuttle are compati-
ble or can be made compatible with the payload recuirements.

The Shuttle/payload communications interfaces are identified in Figure 99.
These do not include the checkout console described in Section 12, Prior to
deployment the bus PCM data from the booster and RV's must be monitored. These
data provide mission critical parameter and safety data for launch commit decisions,
“e Shuttle payload data interleaver provides the interface unit to receive these
.ata and incorporate it into the Shuttle communication system., If the booster or
RV data rate is greater than 64 kbps, the payload must provide only 64 kbps to the
interleaver,

Once the PDS is deployed an RF data link between the PDS and Shuttle must be
provided through the payload interrogator to monitor safety data. The PUS must
provide these data at 16 kbps and may need an additional antenna for data transmis-
sion to Shuttle,

A hardwired command link is provided through the Shuttle modulator-demodulator,
Commands and PDS guidence system updates prior to launch are provided by this link.

Once the payload is deployed an RF command link must be maintained through the pay-
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MINISUS CONCEPT

(RCS DERIVATIVE 3)
(6) PRESSURANT TANKS

13)900 LB
THRUST
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(1) 1000 LB RV

I
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STRUCTURAL ASSY

o =~ SHUTTLE PAYLOAD
A ENVELOPE

(6) PROPELLANT TANKS

FIGURE 96
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MINIBUS CONCEPT
(SHUTTLE OMS DERIVATIVE)
SHUTTLE PAVLOAD ENVELOPE
(1) SHUTTLE OMS ENGINE
6,000 LB TH TUBULAR TRUSS
STRUCTURAL ASS"Y
BOMIFIED SHUTTLE OMS
PROPELLART TANKS (3
—

1) 1,000L8 RV—\

)

|

1
+
I
|
|
]

N4
\\\---/"

RV SPIN TABLE - k‘rj /
\‘~ .
78 IN
186 IN 180 IN
FIGURE 97
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COMPARISON OF MINIBUS & TRANSTAGE
PROPULSION CHARACTERISTICS

Q| @ |0|® ® ®

TOTAL WEIGHT (LB) 3192 6085 8977 111869 14418 26743

PROPELLANT WEIGHT (LB) 2167 4334 6500 | 8667 12000 23032

BURNOUT WEIGHT (LB) 1025*% | 1751* | 2477*| 3202* 2418* 3751 **
SPECIFIC IMPULSE (SEC) 289 289 289 289 13 301.3
THRUST LEVEL (LBf) 900 1800 2700 | 3500 6000 15733
LENGTH (FT) 4 4 4 § 6 14

* INCLUDES MINUTEMAN GUIDANCE SYSTEM CODE :

** INCLUDES TRANSTAGE SYSTEM 1 - 4 RCS DERIVATIVES
5 OMS DERIVATIVES

6 TRANSTAGE

FIGURE 98
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SHUTTLE/PAYLOAD COMMUNICATION INTERFACES

WITHOUT OPERATION &
CHECKOUT CONSOLE

SHUTTLE
INTERFACE
SIGHAL TYPE CONCEPT WIT PAYLOAD REQUIREMENT
BUS PCM DATA [MISSION CRITICAL & SAFETY DATA TO PAYLOAD DATA | PROVIDE 64 KBPS SUB-FRAME OUTPUT
BE MOKITORED VIA ENGRG. DATA INTER- | INTERLEAVER | FROM PCM SYSTEM IF TOTAL BUS DATA
FACE RATE EXCEEDS 64 KBPS
RV PCM DATA  |SAME AS ABOVE USING SEPARATE INTER- | PAYLOAD DATA | SAME AS ABOVE FOR RV
FACE(S) INTERLEAVER
BUS/RV PCM | SAFETY DATA TO BE MONITORED VIA RF PAYLOAD PROVIDE 16 KBPS SUB-FRAME FROM BUS
DATA LINK INTERROGATOR | PCM SYSTEM THAT INCLUDES RV DATA.
(DEPLOYED) MAY REQUIRE SEPARATE TRANSMITTER
& ANTENNA.
COMMANDS BUS & RV DISCRETE COMMANDS & GUIDANCE | MODULATOR- SKITCHING RELAYS & STORAGE
SYSTEM UPDATES HARDWIRED DIRECT TO DEMODULATOR | REGISTERS. BUS TO RV INTERFACE.
BUS.
COMMANDS CODED COMMANDS TO BE SENT VIA RF LINK | PAYLOAD COMMAND RECEIVER & DECODER.
(DEPLOYED) L*TERROGATOR
CAUTION & BUS & RV FUNCTIONS HARDWIRED DIRECTLY | C&ii ELECT. SENSORS, WIRIRG & SIGNAL
WARNING DATA |TO SHUTTLE UnIT CONDITIONING.
(PRIMARY)
+ CAUTION & DATA INCLUDED IN PCM SIGUALS DEFINED | PAYLGAD DATA | 1O ADDITIONAL REQUIREMENT.
i WARMING DATA | ABOVE. INTERLEAVER
17(BACK-UP)
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load interrogator. The PDS must therefore have switching relays and storage regis-
ters to accommodate the commands and a receiver and decoder to process the RF link
commands.,

Caution and warning data provides indications of PDS malfunctions which could
result in an aborted mission. These can be handled through the Shuttle caution and
warning electrical system in the primary mode and the payload data interleaver in
the back-up mode, For the primary mode, payload sensors and electrical systems
would be required to monitor and transmit malfunction information. The impact of
these communication interface requirements on the PDS design are detailed in
Section 12,

The electrical power interface is provided at two locations within the Shuttle
payload bay as shown in Figure 100. Two panels are located on the aft bulkhead and
provide the average and peak power indicated from the Shuttle bus B & C. XNear the
front of the payload bay, two more panels exist. OUne provides power from a payload
dedicated fuel cell and the other from the Shuttle main bus. If all four panels
were to be used an average power level of 15 kw could be maintained. Correspond-
ingly, a peak power requirement of 24 kw can be met. The DoD power requirement of
1 kw per payload can easily be met by the electrical interfaces,

Figure 101 describes the structural interfaces in the Shuttle payload bay. The
retention points are points for attachment of the pallet to the pavload bay load
support points, There are 12 alorng the bottom centerline beam and 13 on each longeron
for a total of 36 attachment points. The stations are indicated in the figure. The
DoD payloads examined are compatible with pallets which would be secured at the
retention points.

The coolant interface is shown in Figure 102 and comsists of a closed liquid
coolant piping system with a payload heat exchanger. A liquid coolant heat exchanger
is required because the payload bay has no atmosphere and radiation cooling of the
payloads is not adequate. The couplings are located at the front of the payload
bay. Sections 13 and l4 discuss the coolant system performance in detail.

Another interface of importance is the envirommental interface within the pay-
load bay. During Shuttle launch, acoustic levels greater than 135 db are experi-
enced in the Shuttle payload bay. Therefore, payloads with lower acoustic limits
will require a noise attenuation shroud,

This interface definition as well as the design concepts presented in this
section provide the basis for the analyses presented in the following section. In
general, DoD payloads do not impose rovere requirements on Shuttle nor does Shuttle
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—A

ELECTRICAL POWER INTERFACE

1.5 K AVG/2.0 KW PEAK POWER
FRUM EACH PANEL TO P/L
(SHUTTLE BUS 6&C)

_ 7 KW AVG/12 K
DEDICATED FUEL CELL PEAK POMER TO p/|/
SHUTTLE - 5 KW AVG/8 KW - —

MAIN BUS PEAK POWER TO P/L ' U \\\
PAYLOAD EMVELOPE ' .o
S [/ V!
—p\f Jl | ) : { | A H';*%
|\ | | '\ b 1%
: \\ i 7 - 02.0-+4 .7 |
! \ﬁ—/ I ‘~\'V_,/' l
L. ] -
B-P A-
(STA 1307 BULKHEAD) /)
i
d /
STA. 695 A= 7 /
N 2E =
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C. — i =8B 1 ‘F.._'u
STA 576 STA 1307
A—-’
FIGURE 100
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STRUCTURAL INTERFACE

et ion pnTs = 3o @ *_? 3 Qﬁl @iﬁ“” .
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PAYLOAD ENVELCPE I I S T W SR S *M_J. Y =-94

po——— NINE EQUAL SPACES —_—
{59 INCHES EACH)

13 (X & Z) LOAD RETENTION BEAM ATTACH

PAYLOAD ENVELOPE POINTS ON EACH LONGERON

zZ =414

H oo -0 90— 66— 0—0—6 4—-O—0 _t"n._— — OZ = 400
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‘a—ﬁ..ﬂ? '\.17 — S —— - 1 —— Z 409
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LINE Z,= 305 EXCEPT 1249 €9

FIGURE 101
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greatly change the mode of operation or design for DoD payloads. Perhaps, the most

significant impact is on communications which is discussed in the next section.
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12 0 COMMUNLICATIONS

12,1 Introduction - Communications includes telemetry downlinks, command up-
links and radar tracking for the PDS and one or more attached payloads. The
several available communication links between payload, Shuttle, ground and satellites
have been analyzed in Section 12,2, The interfaces between Shuttle systems and
payloads are defined and their applicability discussed.

All of these interfaces are involved with mission operation discussed in Sec-
tion 12,3, Particular emphasis has been placed on mission control during the PDS
prelaunch checkout and involves the Shuttle to ground link., Shuttle and payload
communications with ground sgations for the example cases of Section 16 are dis-
cussed in Section 15,

Included throughout are recommendations designed speczifically to more fully
accomplish communication goals for DoD reentry experiments for the 1980's. These
recommendations are summarized in Section 19.

(A special list of acronyms and abbreviations used in this section is given
in Figure 103 as a convenient reference,)

12,2 Communication Interface Analysis - Much of this analysis involves inter-

preting available documentation (References 4, 10 and 13 through 17) about the Shut-
tle and other vehicle systems as they apply to performing DoD experiments. Tne
multiple telemetry system interfaces, including several options, have been investi-
gated and the results are reported herein. These interfaces include:

a, Shuttle to ground

b. Payload to Shuttle

c. Payload to ground

d, Payload to satellite
It is assumec that the PDS PCM downlinks and command uvplink operate at S-band
frequencies and are compatible with the Space-Ground Link Syste.. (SGLS) equipment
used by ground stations in the Satellite Control “acility (SCF) network. The com-
mand uplink operates at a standard 2K bit rate, The telenetry downlinks can oper-
ate over a wide range of data rates. However, the data rate has a wajor impact on
the payload to Shuttle interface, Before analyzing this interface, the Shuttle to
ground communication link must be described,

12.2.1 Shuttle to Ground Communications Link - This interface is shown pic--

torially in Figure 104. An indirect ground link via satellite and deployed payload

to Shuttle links is also shown. These links are discussed in subsequent paragraphs.
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NOMENCLATURE USED IN COMMUNICATION ANALYSIS

C&W Caution and Warning
C-Band 3900~6200 MHZ
M Frequency Modulated

GbS, MIL, MAD, ROS, ORR, ULA -~ NASA Tracking Stations
10S, HTS, GTS, VIS, NHS - USAF Tracking Stations

KBPS Kilo bits/sec

KMR Kwajalein Missile Range

Ku-Band 12,000 - 15,000 MHZ

MA Multiple Access

MBPS Mega bits/sec

MHZ Mega Hertz

PAM Pulse Amplitude Modulation

PCM Pulse Code Modulation

PDM Pulse Duration Modulation

PM Phas. Modulated

PRN Pseudo-Random Noise

SA Single Access

SCF Satellite Control Facility

SGLS Space Ground Link System (Air Force)
STDN Spaceflight Tracking and Data Network
TDRS Tracking and Data Relay Satellite
TDRSS Tracking and Data Relay Satellite System
USB Unified S-band (NASA system)

VAFB Vandenberg Air Force Base

FIGURE 103
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Shuttle has two S-band links and one Ku-band link. The S-band Phase Modulated
(PM) system is a two-way system providing voice communications, ranging data, uplink
commands and downlink telemetry data, This link is limited to a data rate of 128
Kilobits/second (KBPS), The other S-band link is a Frequency Modulated (FM) system
used as a one-way system providing only downlink telemetry or video data, Because
it provides only a single service, it can operate at a relatively high data rate of
5 Megabits/second (MBPS), The Ku-band system, having much greater bandwidth than the
S-band, provides the same services as the S-band PM system plus allowing various com=
binations of high data rates (up to 50 MBPS) to be transmitted.

The S-band PM system is similar to that used on Apollo and is compatible with
NASA's Unified S-band (UISB) system installed at the Spaceflight Tracking and Data
Network (STDN) stations. This system uses one subcarrier at 1.7 MHz to carry a
ranging signal when required. The 128 KBPS telemetry signal is combined with
digitized voice to produce a 192 KBPS bi-level signal which modulates the carrier
directly. In contrast, the Air Force 5GLS equipment of the SCF stations uses the
carrier for ranging and puts data on 1 or 2 subcarriers. Therefore, to receive the
Shuttle signal, the Air Force can either modify their SCF stations to be compatible
or, if ranging is not used, they can receive the PCM and voice signal on standard
receivers. In either case, a means for extracting vcice from the combined signal
and converting it tu intelligible speech will be required. A similar problem exists
if encrypted payload data is include¢ 1in the Shuttle data., The telemetry ground
station must be configured to separate out the encrvpted data, reformat it, and then
process it separately through a decrypter.

A simplified diagram of the Shuttle communication system is shown in Figure
105. Emphasis has been placed on those items that relate to the payload interface.
As can be seen there are nine data downlink interfaces and one command uplink, The
data rates available are 16 and 64 (5 sources) KBPS and 1.024, 5, and 5C MBPS. The
choice of data interface with Shuttle payloads depends on the data rate ~oming from
a single or multiple payloads. If this rate exceeds 64 KBPS, one of the tnree high
rate links is required and the data can only be transmitted to ground stations, i.e.,
the crew does not have direct access to payload information. To provide data to the
crew, a high data rate payload must have a dual output so that critical data can be
released to the crew at a rate of 94 KBPS or less., Two of the high rate links pro-
vide for only real time data to the ground - the 5 MBPS FM link direct to ground
stations and the 50 MBPS Ku~bznd satellite link. The third high rate link (1.024
MBPS) records data on tape and then retransmits it via satellite when convenient.
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Low rate paylnad data (64 KBPS or less) is available to the Shuttle crew through
the Shuttle PCM system. The Payload Duta Interleaver will accept 64 KBPS PCM data
from 5 separate sources and store .nese data in a memory. The control program stored
in the PCM Master Unit selects the data to be transmitted by the Shuttle via the
Network Processor, This same data is also available to the computer where it is
processed to premission selected criteria and the results made available to the
crew's CRT display. In the event of an anomaly, the signal is also processed by
the Shuttle Caution and Warning System. It should be noted that the Shuttle PCM
system accepts data only at the 64 KBPS rate; therefore, when more than one source
is involved, either the sources must be looked at sequentially or critical data can
be selected from each source when the Shuttle PCM control program is prepared.

After the payload is separated from the Shuttle, one two-way RF link at 16 KBPS
is available. This interface is through the Payload Antenna and the Payload Inter-
rogatcr. The Payload Interrogator can also send commands to the separated payload.
The 16 KBPS data is stored in the Payload Data Interleaver for transmission and pro-
cessing by the Shuttle PCM system. This same 16 KBPS data can be sent via hardline
to the Payload Signal Processor prior to separation. The Payload Signal Processor
also provides fur voice )mmunication with a paylead.

In summary, telemetry data transmitted from Shuttle directly to ground with the
S-band PM system will conform to the Unified S-Band system installed at the NASA
ground stations. This PM system is not compatible with the Air Force SGLS eguip:u 'nt
at the Air Force ground stations. To receive these data either equipment mus*® be
changed or ranging iiformation eliminated from the signal, In addition, the Air
Force facilities must install the equipment to extract speech and to decrypt data
from the telemetry. Data transmission to the ground for checkout may be required
because only 64 "BPS data rate is available for onboard monitoring of payloads.

12,2.2 Payload to Shuttle Communications Link - This link is identified (Ref-

erence 4) as consisting of 32 KBPS of digitized voice and 16 KBPS of telemetry data
described above. The Shuttle can send 32 KBPS voice and 8 ¥BP® command data to the
payload. (Command data is encoded. The basic, uncoded command rate is 2,4 KBPS,)
The payload~dedicated antenna and receiver system on the Shuttle requires a minimum
signal strength of -93.8 dbm at the antenna to provide a bit error rate of 10—;.

In the Shuttle, the payload interrogator serves as a transmitter/receiver
connected to the payload-dedicated antemna. This antenna is mounted on the upper
fuselage of the Shuttle just forward of the payload compartment hatch. The pay-
load interrogator interfaces with the payload signal processor, In the payload
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signal processor analog voice is digitized and combined with commands in the trans-
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mit mode and digitized voice is separated from data in the receive mode.

The primiry nced for this link will be to communicate with the PDS booster after
deployment. Thir link was analyzed in a recently completed Delta/IUS study (Refer-
ence 10). The results of this analysis are shown in Figure 106 for a NASA (USs com-
patible) downlink. All the data used in the link analysis are given in the figure
for reterence. This is true of all the link analy es given in this section., Of
course, the important output of the link analysis is the margin given at the bottom
of the figure., The studv used nominal performance values with favorable and adverse
tolerances to show probable, optimistic «ud pessimistic signal margin, In Figure
106, noninal values have been adjusted to be consistent with the Receive Sensitivity
threshold RIRE of -103.8 dbm as given in Reference 4. The calculated data signal
wargin of 7.l db depends heavily on antenna positions of both the Shuttle and the
IUS. With unfavorable positions, the Shuttle antenna gain becomes -5 db and the
IUS antenna gain is -1l6 db. [uis causes an overall negative margin of -13.9 db.
fius, ot is obvious that even at the short range of 20 NMI,good communication can
not ve assured unless the relative -)ysitions of the vehicles are constrained.

The iUS downlink considered in the Delta/IUS study (Reierence 10) was designed
tc be compatible with SGLS or USB when transmitting directly to ground stations.

In the NASA (USB) link, 16 KBPS data was used to directly modulate the RF carrier
and 70 KBPS data was put on a subcarrier. In the DoD (SGLS) link, both signals are
on a subcarrier. The NASA configuration is compatible with the payload to Shuttle
link but the DoD configuration is not. Improved IUS to Shuttle link performance can
be «chieved by using d*ivet¢ cranswitter modulation, i.e., no subcarriers. A margin
calculation for this mode is shown in Figure 107. Note that the margin has been
improved from 7.1 db given in Figure 106 to 14.4 db. 1In addition, direct modulation
is compatible with STDN, SGLS and the Shuttle., However, the data rate is limited

to 16 KBPS by the Pavload Signal Processor, Most pavloads require higher data rates.
Une solution is to provide two outputs from the payload PCM system. One output
would provide only critical data at a rate of 16 KBPS or less to Shuttle during.
iritial deployment. The other output would include all data at a higher rate for
transmission to ground. This would require a switch in the payload, so that after
20 XMI separation £ = Shuttle, the higher data rate is applied to the telemetry
transmitter for direct ground transmission.

Another solution is an inproved Pavload Interrogator which performs the func-

tion of trancmitter/receiver for voice (32 KBPS), telemetry (16 KBPS), and commands
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ANALYSES .t A TYPICAL LINK BETWEEN A PDS AND ORSITER

PDS Transmitier Poxer (20 watts)
PDS Transmitier Line Loss

PDS Transmitter Antenna Gain
Space Loss 20 NMI

Polarization Loss

Urbiter Receive Antenna Gain
Orbiter Receive Line Loss
Received Carrier Power (C)

Receiver Hoise Temp (3207°R)
Boltzman's Constant
Orbiter Noise Spectral Density (NO)

13.0 dbw
-4,0

0.0
-131.0

0.5

0.0

-6.5
~129.0 dbw

32.6

~-228.6 dbw/°K-Hz
-196.0 dbw/Hz

Received C/NO 67.0

Carrier Loop Performance
Carrier Mod Loss (8 = 1.0, By = 1.5) -11.2
Cc/i 55.8
Carfier PLL BU (1 KHz) -30.0
Received SilR 25.8
Required SilR - 6.0
Margin 19.8 db

Ddata Performance
Suppressed Carrier Mod Loss (s = 1.0) -7.3
Suppressed Carrier C/N 59.7
Bit Rate bandwidth (16°K8PS) -42.0
Received E /Il -6 17.7
Required Eb/rl0 (BER = 10 7) -10.6
Margin 7.1 db

FIGURE 106
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PDS TO SHUTTLE LINK ANALYSIS (DIRECT MODULATION)
Received C/N, (from Figure 106) 67.0 db
Bit Rate BW (16 XBPS) 42.0
Received Eb/No 25.0
Required E /N _ (BER = 10°°) 10.6
Margin 14.4 db
Worst Case Margin (no antenna constraints) -6.6 db

FIGURE 107
PDS TO SHUTTLE LINK ANALYSIS (JSC 07700)

Received C/N_ (from Figure 106) 67.0 db
Bit Rate BW (48 KBPS) 46.8
Received Eb/No 20.2

. -4
Required E /N, (BER = 10 ) 8.4
Margin 11.8 ¢b

FIGURE 108
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(8 KBPS). Since DoD reentry vehicles do not require voice transmission capability,
a modified Payload Interrogator on the Shuttle should be considered. The Shuttle
Payload Interrogator is designed to receive a total of 48 KXBPS; if this consisted
entirely of data, the link margin would be 11.8 db as shown in Figure 108. A lower
bit error rate is used to be consistent with Reference 4., The 11.8 db

margin is 1.8 db more than the 10 db recommended in the reference.

Changes to the PDS telemetry system also will increase link margin. If a
directional antenna, such as a 1 ft dia parabolic, can be used on the PDS instead
of an omni-antenna, the additional 14.4 db gain increases the range to about 112 NMI.
A transmitter power of 50 : atts boosts the range to 34 NMI and doing both provides a
range of 178 nm. Use of a directional antenna on the Shuttle rather than on the
PDS also deserves consideration.

Another possibility is a phased array antenna. NASA is developing an
Airborne Electronically Steerable Microwave Phased Array (AESPA) (Reference 12) for
use on the Space Tug. This system includes an antenna array, transmit and receive
capability and pointing and control logic. If it performs as planned, it will trans-
mit 96 watts in a 120° cone, have a tvansmission gain of 25 db and a rereive gain of
30 db. Installing the system on the PDS would provide a range of 790 NMI. Whereas
installing the AESPA on Shuttle gives a receiving range of 680 NMI.

As noted, there is a payoff for improving the Payload Interrogator on Shuttle
to increase its useful range. This would require a steerable antenna on the Shuttle
and higher sensitivity in the receiver. Also, it would be desirable to increase the
bit rate capability frcm 16 KBPS to 64 KBPS, a rate that should be adequate for most
boosters and RV's. A 48 KBPS data rate could be realized if the voice capability
were removed, Design information on the present Interrogator and the antenna system
is not sufficient to identify the specific improvements required. However, if the
receiver noise temperature could be reduced to 1607°R(3 db) aud receive line losses
reduced 3 db, the 6 db improvement would provide a range of 40 NMI at a 48 KBPS data
rate at the same 7 db margin shown in Figure 106,

The command link from Shuttle to the PDS is range limited as in the telemetry case.
Reference 4 specifies a transmitter EIRP of 1 dbw. Assuming a PDS receive system as
defined in the Delta study, a typical command link margin is shown in Figure 109.
The commana margin of 11.3 db is comparable to the receive margins of Figures 106
through 108. Improv-ments in the command link are also warranted; e.g., more Shut-

tle transmitter power, steerable antennas, more sensitive PDS receivers,
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SHUTTLE TO PDS COMMAND LINK ANALYSIS

Orbiter Transmit Power (EIRP) 1.0 dbw
Space Loss (2.1 GHz) 20 NMI -130.2
Polarization Loss - 0.5
PDS Receive Antenna Gain 0.0
PpS Receive Line Loss - 4.0
Total Received Power (C) -133.7 dbw
PDS System iloise Temp 32.5
Boltzmans Constant -228.6 dbw/°k-Hz
PDS Hoise Spectral Density (No) -196.1 dbw/Hz
Received C/N0 62.4
Data Performance
Carrier Mod Loss (8 = 1.0) - 1.5
Bit Rate Bandwidth (8 KBPS) 39.0
Received E /N0 -6 21.9
Required Eb/N0 (BER = 10 ") 10.6
Margin 11.3 db

FIGURE 109
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In conclusion, improvements to the payload co Shuttle data link are required
to increase transmission range and data rate. Range can be improved by using a
directional antenna and 50 watt transmitter on the PDS. More significant improve-
ment is realized by using a 96 watt steerable phased array ar tenna. In addition
lowering receiver noise temperature and reducing line losses of the Shuttle payload
Interrogator will improve range. Replacing the voice capability with data improves
the Payload Interrogator data rate from 16 to 48 KBPS.

12.2.3 Pavload to Ground Communications Link - Two payload configurations and

three ground receiving systems have been analyzed to demonstrate typical communica-
tion link periormance. The payloads are a typical booster/RV PDS and a typical RV,
The receiving systems are a typical NASA STDN site, a typical USAF SCF site, and
the KMR site. A 20 watt transmitter is assumed for the booster and an 8 watt trans-
mitter for the RV. Omnidirectional antennas and a 64 KBPS data rate are assumed
for both, This corresponds to a typical IUS configuration. The NASA USB system
and the USAF SGLS system are similar in that both have a 1,024 subcarrier oscillator
intended for digital data. In the SGLS system, the carrier is modulated with a PRN
ranging code that provides range, range rate and angle of arrival tracking data to
the ground receiving site. SGLS provides a second data subcarrier. In the USB sys-
tem, the second subcarrier is intended for voice and the carrier can be modulated
with either high rate data or a ranging code.

The link analvsis shown in Figure 110 is for a PDS to SCF site .nd is based
on use of a SCF 4€ ft antenna of the type located at Oahu, Hawaii. These antennas
have a gain of 47.5 db and the receiving system noise temperature is 390°R. A
range of 2,700 XMI has been used as a probable maximum line of sight
distance. The calculated data margin of 22.9 db is more than adequate and shows
that for direct ground communication either higher bit rates or lower trans:-itter
power could easily be toler “ed.

A second link analvsi from the PDS to a SIDN site is shown in Figure 111,
Tnis analyvsis assumes an 85 ft receiving antenna such as the type located at
orroral, Australia. The svstem noise temperature is 360°R and again a range of
2,700 NMI is used. Tie data margin of 30.8 db is well above any probable require-
ment. Again, direct ground communicdtion pcsges no problem, even for sites with
smaller antennas. For exampl2, a KC-135 Advanced Range Instrumentation Aircraft
qas a 7 ft dia antenna and a system noise temperature of 705°R, This is a combined

capability reduction of 23 db which reduces the margin to 7.8 dt.
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PDS TO GROUND TELEMETRY LINK ANALYSIS (SCF)

PSS Transmitter Power (20 watts) 13.0 dbu
PDS Transmitter Line Loss -4.0
PDS Transmitter Antenna Gain 0.0
Space Loss (2,700 NMI at 2.25 GHz) -173.5
Polarization Loss 0.5
SCF Receive Antenna Gain (46 ft) 47.7
SCF Receive Line Loss 0.3
Total Received Power -117.3 dbM
Receiver System Hoise Temp (396°R) 23.4
Boltzman's Constant ~-228.6 dbl/°K-Hz
SCF Noise Spectral Density (No) -205.2 dbW/Hz
Received C/il0 87.9
Carrier Loop Perfornance
Carrier Mod Loss (2 =0.1, B]=l.84) -10.0
C/lg 77.9
Carrier PLL BW (1000 dz) 33.0
Peceived SHR 44.9
Required SHR 6.0
Margin 38.9 db
Data Performance
Sutcarrier Mod Loss (a] = 1.84) 1.7
Subcarrier C/No 86.2
Bit Rate Bandwidth (64 KBPS) 48,1
Received Ey/N, -6 38.1
Theoretica? Ep/Hg (BER = 10°7) 10.6
Hardware Degradation 4.6
Reguired Ep/MNg 15.2
fargin 22,9 db
FIGURE 110
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PDS TO GROUND TELEMETRY LINK ANALYSIS (STDN)

PDS Transmitter Power (20 watts) 13.0 dbwW }
PDS Transmitter Line Loss -4.0
PDS Transmitter Antenna Gain 0.0
Space Loss (2,700 NMI at 2.25 GHz) -173.5
Polarization Loss 0.5
STDH Receive Antenna Gain (85 ft) 53.0
STDN Receive Line Loss
Total Received Power -111.9 dbwW
Receiver System Hoise Temp (360°R) 23.0
Boltzman's Constant -228.6 dbi/°K-Hz
STDN Woise Spectral Density (ll,) -205.6 dbiW/Hz
Received C/ilg 93.7
Carrier Loop Performance
Carrier Mod Loss (51 = 1.84) -10.0
C/Hg 83.7
Carrier PLL Bk (1000 Hz) 33.0
§ Received SHR 50.7
j Required SiHR 6.0
i Margin 44,7 db

Data Performance
Subcarrier Mod Loss (7 = 1.84)
Subcarrier C/NQ
Bit Rate bandwidth (64 KBPS)
Received Ep/N _
Theoretical Ep/il, (BER = 10
Hardware Degradations
Required Eb/N0
Margin

QWO WO N —~
. * o
O =W 2O~

- O

6

) —t

FIGURE 111
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The third link is analyzed in Figure 112 and is for an RV transwitting to
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Kwajalein (KMR). In this link, no subcarriers are used and direct PSK modulation
of the carrier is assumed. The calculated margin of 15.5 db is sufficient and the
link could tolerate lower transmitter power (5 watts reduces margin ) db) or a
higher bit rate (128 KBPS reduces margin 3 db).

Ln summary, communication downlinks from either the booster or RV to ground
stations present no problems and can be implemented with standard hardware. 5h.uld
a tape recorder be required, data playback can be on the 1,7 MHz subcarrier in the
SGLS application or through modulation of the carrier in USB applications., Video
could also be applied to the USB carrier, These additional capabilities would not
significantly affect the communicatious link,

12,2.4 Payload to Satellite Communications Link - The NASA Tracking and Data

Relay Satellite System (TDRSS) concept consists of two geosynchronous relay satel-
lites, 130° apart in longitude. TDRS east will be at 319° and TDRS west at 189°.
They will provide both uplink (voice, tracking, command) and downlink (voice, track-
ing, telemetry) communications between earth-orbiting spacecraft and the TDRSS ground
terminal. Two types of service are provided: Multiple Access (MA) and Single
Access (SA). The MA link is intendea for downlink data rates up to 50 KBPS, and
is expected to provide continuous line of sight coverage for 85% or more of a low
earth orbit, The SA link is for data rates up to 6 MBPS on S—band and 300 MBPS on
K-band, This link is shired with other users on a priority basis. Since the Dol
reentry flignts are relatively short duration, priority should be available for use
of an SA link.

From data given in the TDRSS Users Guide (Reference 14),Table (-4, we can
estimate telemetry requirements for the DeD missions. This table assumes a
satellite in a 1,080 NMI circular orbit with an average distance to the TDRS of
23,270 NMI for a space loss of -192 db. Convolution coding of data is required for
MA downlinks and recommended for SA downlinks. Convolution coding gives 5 db
improvement in reduced bit errors but requires 2 bits per data bit, i.e., a . times
higher channel symbol rate. For the same 20 watt transmitter syster as planned
for the Delta IUS and as used in the previous link margin calculations for the PDS,
calculated link margins for a S-Band SA satellite link are given in Figure 113,

As can be seen, this system produces negative margins, The calculation assumed
a single data signal on the link, If subcarriers are used because of a ranging

signal or additional data such as tape recorder playback, tnere would be additional
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RV TO GROUND TELEMETRY LINK ANALYSIS (KMR)

RV Transnitter Power (8 watts) 9.0 dbW
RV Transmitter Line Loss -2.0
RV Transmitter Antenna Gain 0.0
Space Loss (2,700 NMI at 2.25 GHz) -173.5
Polarization Loss -0.5
KMR Receive Antenna Gain (28 ft) 43.0
KMR Receive Line Loss
. Total Received Power (C) -123.5
I
Receiver System iioise Temp (804°R) 26.5
Boltzman's Constant -228.6 dbl/°K-Hz ’
KIR iloise Spectral Density (N,) -202,1 dbW/Hz ‘
Received C/il, 78.6 db
!
, Data Performance
‘ Bit Rate Bandwith (64 KBPS) 48.1
Received Ep/i, -6 30.5 '
Theoretical Ep/ily (BER = 107°) 10.6 %
| Hardware Degradations 3.4 :
= Pequired Ep/ilg 15.0
Margin 15.5 db
)
FIGURE 112
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Boltzman's Constant
TDRS Noise Spectral Density
Received C/No

Data Performance
Teansponder Loss
Demodulation Loss
Bit Rate Bandwidth (64 KBPS)
Received Eb/No 6
Theoretical Eb/No (BER=10"")
Required System Margin
Required Eb/No
Margin (uncoded data)

Encoding Gain
Margin (coded data)
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PDS TO TDRS TELEMETRY LINK ANALYSIS N

PDS Transmitter Power (20 watts) 13.0 dbk

PDS Transmitter Line Loss -4.0

PDS Transmitter Antenna Gain 0.0

Space Loss (23,270 NMI) -192.2

Pointing Loss -0.5

Polarization Loss -0.5

TDRS Receive Antenna Gain 36.0

Total Received Power -148.2 dbW

TDRS System Noise Temp (1054°R) 27.7

-228.6 dbW/°K-Hz
-200.9 dbW/Hz
52.7

——
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]
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losses. In order to achieve a positive signal margin, a directional antenna can be
added to the PDS or the transmitter power increased. By raising transmitter power
to 50 watts and improving the transmitter to antenna coupling at least 3 db

(losses = 1 db), a margin of O db is possible. This approaci is not promising and

a better approach would be a 1 ft dia steerable parabolic antenna with the 50 watt
transmitter. By eliminating the antenna switching capability required for the four
flush-mounted omni antennas, losges should not exceed 2 db and the margin now becomes
+9 db.

Another possibility is to lower the bit rate to 16 KBPS (as was considered for
the payload to Shuttle link}. Combining the lower bit rate with an increase in
allowable error rate to 10-5, and using a 50 watt transmitter, a workable margin
of 3.7 db is possible.

Whereas a payload to ground communication link can be implemented with omni
antennas and relatively low transmitter power, the use of a relay sateliite will
require rm~»e costly hardware, e.g., @ 50 watt transmitter and steerable parabolic
antenna. A d. “led analysis of the hardware requirements and the impact on PDS
performance is ne>ded to determine the desirability of this communication link.

The TDRSS analysis needs to consider the probability of exclusive or shared usage,
including sharing within the subject program or an unrelated program, NASA plans
at the time of IUS design proposals did not include use of a TDRSS link with the
IUS, nor with DoD payloads (Reference 15).

12,3 Mission Operaticns - Mission operational requiremen:s can be divided

into two phases; prior to separation from the Shuttle and after separation. Before
separation, the primary concern is the extent of payload checkout required to make

a launch decision. Ground and pre-~deployment checkout considerations have been
analyzed and the results are reported in this subsection. After separation, mission
control is primarily a range safety consideration in the event of a system malfunc-
tion, This phase is analvzed in Section 14,

12,3.1 Payload Ground Checkout - A payload receives at least three checkouts

before flight: factory, launch site and inilight pre-deployment, Confidence in the
operational readiness of the vehicle is maximized if there is a high Jegree of
similarity in the checkout techniques and equipment used. Since the Shuttle uses

a computer for checkout, all ground checks should also be computer controlled with

software similar to inflight checks,
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Some payload peculiar ground equipment will be required; mostly power, coolant

/7/ VOL IV DOD ENTRY FLIGHT EXPERIMENTS REPORT MDC E1415

and test stimulus sources. The launch ranges are equipped with facilities that can read-
out all telemetry data and test command receiver systems. Separate telemetry check-
out equipment is 1ot required. A typical telemetry data center is shown in Figure
114, This is the Vandenberg Automatic Data Lquipment (VADL) which is used for pro-
grams such as Minuteman, Titan, and RVIO. The CDC 1700 computer is used to check
each data sample against a pre-determined limit. Data within the limit is ignored
and data outside the limit is processed by the CbC 3300 for recording and display.
Some critical data is recorded on strip chart recorders from a CDC 1700 output.

This facility has two CRT's, a line printer and thirteen oscillograph recorders.

The combined capability can display 150 data channels and record 232 channels,

all in real time. OUbviously, to analyze all these data in real time requires 4 to

5 persons to monitor the equipment. With all data permanently recorded on tape,
playbacks can be used to help resolve anomalies, and the need for fast real-time
decision-making is reduced. Functionally, the data processing activity of this
system and the Shuttle system are quite similar. The differences are that data are
permanently recorded during ground checkou: so that extensive analysis can be per
formed withcut repeating the checkout itself and a much larger quantity of data can
be viewed simulta. eously,

Af .r the payload has been loaded onboard Shuttle at the launch pad, the
Shuttle checkout system can be used in parallel with a checkout using range facil-
ities, This will build confidence in the infligtt checkout since any discrepancies
can be quickly tiaced to either a hardware fault or a software error, and the
problem corrected and a retest performed.

Ground chechout does not appear to impose any new requirements on DoD paylocds,
However, it is imperative that Shuttle launch delays due to payload malfunctions be
minimized, This impacts the design philosophy for the payloads and is discussed
further in Sections 17 and 19, On the other hand, pre-deployment payload checkout
during orbit requires detailed considerations.

12.3.2 Payload Pre~deploymen. Checrout - The Shuttle Orbiter Systems Manage-

ment equipment is shown in Figure 115, This equipment can be used to check a pay-

load if the pavload data rate does not exceed b4 KBPS, or if the payload data can

be segregated into 2 to 5 links up to 64 KBPS each. The computer receives payload

data from the Shuttle PCM system and checks it against limits stored in the Mass

Memory. Data that exceeds tolerances is sent to the Caution and Warning system

where it can turt. on a light or sound an audio alarm, Selected data can be dis-
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played on a multi-function CRT Display System. The display is in "pages" of a
pre—determined format, with the crew being able to select the desired page, i.e.,
combination of data channels. 21 lines out of 26 on the CRT are allocatec to data,
by alluwing 12 characters for data and data identification, 4 data channels can be
displayed per line or 84 per page. The Shuttle Orbiter computer is an IBM 4 pi
series model AP-101. This computer is in two packages, one containing the central
processing unit (CPU) and the other the Input/Qutput Processor (IOP). The 65,536
word memory is divided between the two packages and acts as a single memory. Lach
package has a volume of 1500 cu. in. and weighs 55 pounds. Total power required is
040 watts,

Tvpically, a pre-deployment checkout will require ivoking at booster, deployable
bus and RV data. In the simplest case, if the quantity of data to be analyzed is
less than 64 KBPS, the entire checkout can be performed using only one Shuttle
Engineering Data interface. A possible combination of data channels totalling 326
is shown in Figure 116, All the data can be contained in 4 pages (82 channels per
page) and viewed in sequence on the CRT. The more severe case consists of
5 individual data links of 64 KBPS. The interface now consists of five engineer-
ing data links between sShuttle and payload (Figure 117). Assuming anproximately 300
data channels per link, 18 pages with 84 channels per page will be required for a
complete display. The time required to analyze 18 pages may be incompatible with
mission timing and a more automated test or a different test system will be required.
This situation represents the maximum capability of Shuttle. Additional hardware
would have to be added to accommcdate more RV's or higher data rates. Figure 117
also siows tvpical booster and RV data rates for current ground launch system., A
minimum essential data rate for typical boosters like Transtage, Atlas E/F, and
Delta exceed the single channel data rate of 64 KBPS, The RV data rates are less
than the 64 KBPS, 1If the booster data rates cannot be further reduced, pre-deploy-
ment checkout will have to be made through a Shuttle to ground data link,

A maximum complexity cor-dition is shown in Figure 118 where there are nct only
many RV's but also more than oue data link per RV. This condition can be handled
in three wavs. The payload interface can include a switching capability so that
the several links can be tes.ed sequentially using the Shuttle System lanagement
equipment, iiowever, the time required would be extremely tong, there would be
software problems because of the many display pages needed and the large memory

needed to store limit data and calibration conversions. A second possibility is
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PRE-LAUNCH CHECKOUT USING ONE 64 KBPS LINKS

DATA CHANMEL DATA CHARNELS
SANPLE RATE (SPS) BOOSTER BUS | RV ” USAGE
200 4 - - - ACCELERONETERS
RATE GYROS
100 8 8 3 3 PROPULSION PRESSURES
50 10 4 6 6 CRITICAL TENPS,
CRITICAL DISCRETES
2 2 4 4 VOLTAGES
CURRENTS
10 L 2 12 12 PRESSURES
5 60 k4 10 10 DISCRETES
TOTAL CHANNELS 162 9% 35 35 326 CHANNELS TOTAL
DATA RATES*(\BPS) R 16 8 8 64 KBPS TOTAL
*SYNC WORD INCLUDED IN TOTAL
FIGURE 116

SEQUENTIAL PRE-LAUNCH CHECKOUT USING FIVE 64 KBPS LINKS

o MAXIMUM CAPABILITY USING CURRENT SHUTTLE DESIGN

BOOSTER 64 KBPS
RV BUS 64 KBPS
RvV 51 64 KBPS
RVR 64 KBPS
RV 3 64 KBPS
» ADDITIONAL RV'S OR GREATER DATA RATES WILL REQUIRE ADDED
SHUTTLE HARDWARE

« TYPICAL BOOSTER e TYPICAL RV

TRANSTAGE* 384 KBPS REENTRY-F 40 KBPS**
ATLASE/F* 225 KBPS FIRE 47 XBPS**
DELTA* 692 KBPS RVTO 58 KBPS

*REBYCED « OF CHANNELS ASSUMED NECESSARY FOR PRE-LAUNCH CHECKOUT
**PCM EQUIVALENT OF PDM/FM SYSTEM

FIGURE 117
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OPTIONS TO MEET DOD MAXIMUM REQUIREMENTS

BAXWUR PAYLOAD - 8 RV'S, 1 RV BUS, 1 IS
WAXINUR DATA LINKS - 5 PER RV, 1 PER BUS, 1 PER 1US

OPTIONS: HARDWARE | SOFTWARE | CHECKOUT CREW
i CosT CosT SPEED CONTROL

o USE 5 SHUTTLE ENGINEERING DATA INTERFACES
- HARDWARE REQ'D-SEQUENTIAL SWITCHING CAPABILITY
~ CREW TESTS SEQUENTIALLY USING EXISTING Low HiGH sLow G000
PERFORMANCE MONITOR
~ GROUND PERSONNEL CAN SUPPORT

o USE 1 SHUTTLE SCIENCE DATA INTERFACE
~ HZRDWARE REQ'D - DIGITAL DATA INT'RL "VR
~ GROUND PERSONNEL DO ALL TESTING
~ CREW COORDINATION VIA VOICE LINKS

LOw LOW FAST POOR

« DOD FURNISHED OPERATION & CHECKOUT CONSOLE
- HARDWARE REQ'D - COMPUTER, DISPLAYS, CONTROLS,
PAYLOAD INTERFACE DATA BUS
— CREW HAS PRWE TEST RESPONSIBILITY
~ GROUND PERSONNEL CAN SUPPORT IF DATA ALSO SENT
VIA SCIENCE DATA DOWNLINK

HIGH MED MED GOOD

FIGURE 118
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to interleave all the data and use one of the science data downlinks such as the

5 MBPS direct link or the 50 MBPS satellite link, This transfers the checkout
problem to a ground station where it is assumed a computer capability, such as

that shown in Figure 115, can be used to perform a relatively fast checkout.
However, the Shuttle crew is now ouvt of the loop and must rely on voice communica-
tion with the ground to determine the status of the payload. A third possibility
is to put an operation and checkout console onboard the Shuttle that is tailored

to meet the payload requirements. This allows the crew to retain control of the
payload; in addition software development is simplified in that it need not be
integrated with or conform to Shuttle checkout software.

In summary, onboard pre-deployment payload checkout is possible for payloads
with fairly low data rate requirements on the order of 64 KBPS, However, for PDS's
with high booster data rates and many RV's onboard checkout becomes cumbersome.

As a result, either transfer of checkout data to a ground station or the installa-
tion of an onmboard checkout console is required.

12.3.3 Shuttle Onboard Checkout Console - A block diagram of an Operation and

Checkout Conscle is shown in Figure 119. PCM data enters the bit synchronizer where
jitter is removed and a clock and data signal produced that is compatible with the
data formatter input. Thke data formatter converts the serial digital data into
parallel data words and adds a format location tag. The block diagram assumes all
input data coming from a single source. This is compatible with the concept that
the same data is being interleaved in the PDS and being sent over a high rate

data link to a ground station for back-up processing. If this is not done, the

data signals can be sent to the checkout console individually and selected either
manually or automatically. 1If data from multiple sources is to be intermixed during
processing (a mixed source display is required), then ¢ bit synchronizer and data
formatter will be required for each data source,

The data comparator performs the same function as the CDC 1700 computer in
Figure 1l4. 1In the present application, a microprocessor such as the Intel 8080 is
envisioned for the comparator. The function of the data comparator is to compare
each data sample with the preceding sample of that same data channel. If the current
data sample is unchanged with:n a specified tolerance from the preceding sample, the
data is ignored and no further processing is performed. Data which exhibits a sig-

nificant change is sent to the data processor where it is multiplied by the cali-
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Rl‘ m
DATA
IRIG B
TIME CODE
BIT
SYNCHRONIZER
DATA ———®1 DATA " oana o CRT
FORMATTER | COMPARATOR |o | PROCESSOR | DISPLAY
COMMAND
CONTROL | —_—
CONSOLE ENCODER
FIGURE 119
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bration factor and alpha-numeric identification added. Then it is transmitted to
the CRT display for display in engineering units. The data processor can also be
used to trigger the Caution and Warning system or an alert signal on the checkout
console whenever a parameter exceeds some pre-determined limit.

The control conscle is used to select the data page iuv be displayed and to
modify the program when necessary, such as changing a number stored in memory.

For some tests, a stimulus commind may be required and this is generated at the
contruol console and sent to the payload in standard command ormat through th-
command encoder. In addition to test functions, the control console can generate
update commands for the PDS guidance system.

The data rate at which any checkout system can operate is difficult to deter-
mine without writing the computer program and then calculating the processing time
for the specific computer selected. However, even the slower computers can oper-
ate faster than a viewer can evaluate a single display. One commercially available
system built around a PDP-11/40 computer can process data at a rate of 80 to 100
xBPS, This is without anyv data comparator (see Figure 119). By adding a micro-
prceessor to remove redundant data, the rate increases (depending on the degree
of redundancy) and can go as high as 750 KBPS to 1 MBPS. In tiis system, the CRT
displays 88 data channels per page which is updated at the rate of 6 times per
second. This rate is adequate to maintain the intensity of the display but any
dynamic data, which is changing at a faster rate, will be blurred. However, during
checkout vehicle systems are usually quiescent and little dynamic data is generated.
In ground checkout, recording oscillographs are used for dynamic data.

The contrel console, as conceived, will be capable of monitoring the data fror
the DS, screening it for critical parameters, and displaving launch critical infoi-
mation. This will significantlyv reduce the amount of crew activity involved with
pre—~deplovment pavload checkout,

12.3.4 Planning Guidelines -~ In planning a payload checkout system, twc lata

rates are critical; 16 KBPS and 64 KBPS. 16 KBPS is the maximum data rete sutw.ev

4 separated payload and the Shuttle, 634 KBPS is the maximum data rate r.cu a single
Shuttle Engineering Data interface (see Figure 115). Assuming that t.. =zctuzl Jata
rates rrom the twe vehicles exceed these values, there are two ways to ach-eve com—
patibility with a single Engineering Data interface., Both require specia’ circuitry

in the PDS ard RV PCM systems.
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Since most data channels will be quiescent while a payload is carried aboard

Shuttle, high data sample rates are not required. Thus, one solution which should
be acceptable is to slow down all the sample rates in the PCM system by slowing
down the clack in the timing subsystem. For example, if the normal data rate is
256 KBPS, a divide-by-four counter at the clock output would lower the rate to 64
KBPS. This technique is preferred, since it will verify the integrity of all data
channels even though some may not contain any useful information. The other solu-
tion selects only those channels that are launch-decision critical and combines
them into a separate PCM output signal for test use only, or possibly, for an
immediate post-separation Shuttle link (Reference Section 12.2.2).

It can be argued that by the time a payload has passed a sequence of ground
tests, including a launch pad mated Shuttle test, there is little need for extensive
inflight tes%ing. Since the checkout is primarily performed by one crew member,
making 84 real time decisions, i.e,, reviewing one page of data, should be sufficient
to determine launch readiness. 1If time permits, of course, another page of 84 dif-
ferent parameters can be evaluated. On the other hand additional time may be
required to repeat a test or modify a test routine to firm up a tentative decision,

In summary, the checkout equipment and method used for any specific payload,
including a trade-off between an onboard checkout console and a Shuttle to ground
checkout link, will be primarily determined by two factors:

a. the minimum acceptable vehicle PCM data rate for checkout

b. the ability of SCF/STDN ground personnel to support an inflight checkout
This latter factor will be discussed in Section 15,

The next section describes the electrical and coolant inteifaces which in some

ways affect the communications interfaces discussed in this section.
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13.0 PAYLOAD SERVICING

In addition to the payload interfaces related to checkout and communications,
the Shuttle also provides electrical power and coolant interfaces that are needed
for payload support during ground checkout and captive flight, These interfaces
are accommodated through panels at either the forward or aft end of the payload bay
as shown in Figure 120.

There are also external umbilical panels available for ground servicing. These
panels are located just aft of the payload bay with the H2 fuel servicing on tle
left side and the 02 oxidizer servicing on the right. Ground conolant connections
are also available on the right hand panel (note: Reference 4 is not clear but this
seems to be a separate water loop independent of the Shuttle-payload coolant system).
Electrical connections are available on both panels. In addition, space is provided
on the left side of Sauttle for a payload peculiar prelaunch panel. This panel can
be usec for any clectrical or fluid connections not possible or practical via the
standard umbilical panels. However, it will be disconnected 4 hours prior to

launcih. The standard panels disconnect at launch.

13.1 Electrical Pouer - The Shuttle's electrical power supply is derived from

fuel cells and is rnrmally in the range from 27 to 32 volts DC with a maximum peak-to-
peak rirple of 1.6 volts. The power supply at the aft flight deck and at the aft
payload bay can go as low as 24 volts. Fuel cell voltage can be as high as 40

volts under no-load conditions,

The electrical power and heat dissipation capability is shown in more detail
in Figure 121. Electrically, power is available from three sources, i.e., fuel
cell, main bus, and aft bus. Normally, the dedicated fuel cell is the preferred
power source for payloads, siace this will isolate the payload from any transients
or other fluctuations on the Shuttle buses. As indicated in tne heat dissipation
columns, the usable power in orbit is limited to 6.3 kw by the heat dissipation
system, If an additional radiator is provided for the payload, this power can be
increased to 8.5 kw continuous and up to 12 kw for a 15 minute period once every

three hours.
Since the solid rocket motor IUS has not been completely designed, the power

required by an IUS booster is unknown. Boosters such as Transtage and Delta have
power dissipation similar to what may be expected from an IUS. The Transtage vehicle

requires between 500 and 600 wattsy the proposed Delta IUS requires 470 watts
continuous power and 1520 watts for a single 13 minute period. Payload checkout

is not likely to occur during any booster peak load condition and two RVs are not
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PAYLOAD BAY INTERFACES
LOCATION
SYSTEM STA SIDE RATING
Electrical
Fuel Cell 695 RH 12 KW ma::
Main Bus 695 RH 8 KW max
Aft Bus B 1307 + bH 2 KW max
Aft Bus C 1307 RH 2 KW max
Aft Crew Compartment| 576 { LH/RH 1 KW max
Coolant
Primary loop 586 LH 2,000 15/hr
Secondary loop 586 LH 2,000 ib/hr
Propulsion
Liquid 0 1307 RH 5 inch line
Gaseous 1307 RH 1/2 inch line
He (ambient) 1307 RH 1/2 inch line
He (cold) 1307 LH 1/2 inch line
Liquid H 1307 LH 3 inch line
Gaseous 2 1307 LH 1/2 inch line
FIGURE 120
PAYLOAD ELECTRICAL POWER AND HEAT DISSIPATION
MISSION ELECTRICAL POWER (KW)
PHASE FUEL CELL MAIN BUS AFT BUSES | HEAT DISSIPATION
AVE PEAK AVE PEAK AVE PEAK | BTU/HR KW CONDITION
GROUND 1 1.5 1 1.5 3 4 | T8BD TBD NORMAL CHECKOUT
OPERATION
(GSE PWR) 7 12 5 8 3 4 1| 29,000 8.5 SHUTTLE POWER-DOWN
- | ] — — — ——_——
ASCENT/ 1 1.5 1 1.5 2 3 5,200 1.52 DOORS CLOSED
DESCENT
- - - =]
ON-ORBIT 7 12 5 8 3 4 | 29,000 8.5 PAYLOAD RADIATOR
6 TBD 5 8 3 4 | 21,500 6.3 DOORS OPEN
1 1.5 1 1.5 2 3 5,200 1.52 DONRS CLOSED |
NOTES: 1. THERE ARE TWO AFT BUSES, EACH SUPPLYING 1/2 OF SPECIFIED POWER.
2. ASCENT/DESCENT PEAK POWER LIMITED TO 2 MINUTES
3. ON-ORBIT PEAK POWER LIMITED TO 15 MIN PER 3 KOURS
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likely to require checkout simultaneously, Therefore, a typical power budget would
ba. Power Available 6,300 watts
Booster-500 watts
RV #1-1,000 watts
or RV #2-1,000 watts
1,500 watts
Margin 4,800 watts

Thus, the planned electrical loads seem to be well within Shuttle capability.
Electrical power is provided in the aft crew compartmont for payload control
and chechout equiprment. This is rated at 1 KW maximum and 750 watts normal. This
is standard Shuttle bus power between 24 to 32 VDC., A preliminary estimate of power
requirements for an Onboard Checkout Console (such as shown in Figure 119) indi-

cates 750 watts should be adequate. Power allocation is as follows:

Bit Synchronizer 30
Data Formatter 60
Data Comparator 150
Data Processor 200
Cathode Ray Display 175
Control Console 75
Command Encoder 60
750 watts

The first four functions above provide a computer capability similar to the Shuttle
computer, However, the Shuttle computer interfaces with up to 24 data bus devices,
performs more functions and requires a larger memory than is needed for this data
processing application., Thus, the data processing function can be accomplished
with less power (440 watts) than is required for the Shuttle computer (640 watts),
The estimates above are based on power required by laboratory counterparts.
Further design effort is required to determine power required by spaceborne equip-
ment, Except for the cathode ray display, modern data processing equipment uses
integrated circuits that operate at low voltages, Direct operation from 28 VDC will
require less power than the laboratory equipment which requires conversion of 110
VAC to low voltage DC.
In conclusion, the electrical power interface is adequate for the DoD payloads.

13.2 Coolant Interfaces - Heat dissipation is provided by two coolant loops,

both accessible on the left side of the payloau bay. Coolant may be water, Freon
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21 or Flutec PP50. Each loop can operate at a maximum flow rate of 2,000 lbs per
hour, The normal dissipation capability described in Figure 121 is 21,500 BTU/hr
(6.3 kw). By adding another heat exchanger, the payload heat output can be a maxi-
mum of 29,000 BTU/hr (8.5 kw), The additional unit is chargeable tc the payload.
This heat exchanger weighs 43.3 pounds and has a voluwe of 737 cubic inches., Normal
Shuttle in orbit operation will be with payload bay doors open to maximize heat
dissipation. With payload bay doors closed, the maximum heat load is 5,200 BTU/hr
(1.52 kw). Typical operating parameters are 200 psi inlet pressure, 124°F inlet
temperature and 45°F outlet temperature. The coolant pump to operate the loop is
furnished by the payload. Details of heat dissipation concepts which interface

with this system are provided in Section l4,
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14,0 HEAT DISSIPATION CONCEPTS

The purpose of this analysis is to explore alternate concepts for rejecting
heat from the reentry vehicles and the booster when they are in the Shuttle cargo
bay. The exact amount of heat to be dissipated, duration and RV mass chat could
be flown in the 1980's is of course an open question. The following system charac-
teristics compatible with example cases 2 and 4 of Section 3.2 were assumed for the
analysis: RV Mass: 1000 me

Heat Load: 1000 watts

Operation Time in Shuttle Bay: wup to six
hours

Initial Temperature: 70°F

Maximum Allowable Temperature: 100 to 150°F

Current ground launched reentry technology experiments are powered-up for
approximately ten hours prior to launch and cooled by air conditioning. Shuttle
will have similar capabilities with conditioned gas flow through the cargo bay
prior to launcn. C(onsequently, it is assumed that this gas flow will dissipate all
waste heat prior to Shuttle launch, Missions involving KSC launched experiments that
reenter at Kwajalein are air borne for 6 hours for a 4 orbit mission compared to 30
minutes in space for a current ground launch,

The Shuttle has primary and secondary heat exchange connectors up forward in
the cargo bay (station 586). The reentry technology vehicle may or may not be
installed near these connectors. If these connectnrs were used, quick disconneccs,
plumbing lines, fluid reservoirs, and pumps would have to be qualified Shuttle
compatible. Also, the reentry experiment will require approximately half the carygo
bay so the heat rejection requirements of the other payload(s) must be considered.
Notwithstanding these design problems, heat rejection systems using the Shuttle
heat enchanger were considered.

Passive, semi-active and active systems were investigated. The two passive
systems considered were: radiation from the RV and a heat sink/insulated RV.

The two semi-passive systems were: water boiler and heat pipes., The three active
systems were: gaseous nitrogen, internal RV Freon and internal RV water cooling.
The advantages and disadvantages of each system are listed in Figure 122,

The characteristics of each concept are defined further in Figures 123, 124 and

125, For the system described in Figure 123 which relies on heat rejection from the

RV by radiation, only 300 watts can be rejected under the most favorable conditions
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ALTERNATE HEAT REJECTION CONCEPTS

CONCEPT ADVANTAGES DISADVANTAGES R
RADIATOR WITH SIMPLE, INEXPENSIVE, LOW WEIGHT| SELECTIVE COATING PEQUIRED
tQUIPMENT MASS WILL NOT FUNCTION WELL IN

DIRECT SUNLIGHT

REENTRY HEAT PROTECTION SYSTEM
WILL RETARD HEAT FLOW TC

_______ OUTER SURFACES OF 2V

VEHICLE MASS SIMPLE, INEXPENSIVE ADDITIONAL MASS & PACKAGING
Witweew o %P
WATER BOILER LOW WEIGHT REMOVAL OF WATER VAPOR, COLD-
- | | CPLATED FQUIPMENT
HEAT PIPE SIMPLE SYSTEM ADDITION OF HEAT I PES TO RV
QUICK DISCONNECT TUBES HOT ADDITION OF INTERF. 'E LOAD
- NEEDED PLATE TO BOOSTER 3
N, COOLED MINIMUM CHANGF TO RV NEEDS PRESSURIZED RV

INTERFACE COHNECTORS, N2
BOTTLE, BOOSTER H/X

2 HIGH PRESSURE SYSTEM
RV COLDPLATFD EQUIPMENT
INTERFACE COHNECTORS,800STER h/

FREON COOLED LIGHTER WEJGHT THAN N

— —— — — —— — —— —— — —— — —— —

WATER COOLED LOWER RESSURE THAN FREOH RV COLDPLATED EQUIPMENT
SMALLER PUMP KEEDED INTERFACE CONNECTORS,BOOSTER H
NOTE: PCM = PHASE CHAN.C MATERIAL H/X = HEAT EXCHANGER
FIGURE 122
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PASSIVE HEAT REJECTION SYSTEMS

RADIATION FROM RY

o 8 FTZAtFFECTIVE RADIATION AREA

0 a/e = 0.3 NECESSARY IN DIRECT SUN FOR ZERO HEAT REJECTION

0 FOR a/c < 0.3 THERE IS VERY LITTLE HEAT REJcCTION IN DIRECT SUN
o MAXIMUM OF 300 WATTS REJECTION WHEN LOOKING AT DEEP SPACE

HEAT SINK-INSULATED VEHICLE
Thax
100°F 150°F

TIME TO REACH THAX
USING VEHICLE MASS.__. _ __| 2.0 HR 5.4 HR

*WEIGHT OF PCM TO KEEP
VEHICLE BELOW T, FOR
6 HRS _ _ _

102 LBm 21 LB

*PCH LATENT HEAT - 100 BTU/LB'r

NOTE: a = SOLAR ABSORPTIVITY
e = EMITTANCE
PCM = PHAZE CHANGE MATERIAL
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FIGURE 123

SEMI-PASSIVE HEAT REJECTION SYSTEMS

WATER BOILER T

100°F AKX qs0oF

*WEIGIT OF WATER NECESSARY
TO K:tP VEHICLE BELOW THAX
FOR6 HRS — — - — — _ " _ 10.2 LBm 2.1 LB,

*HEAT OF VAPORIZATION - 1000 BTU/LBm

HEAT FIPES

o EQUIPMENT MO'INTED ON HEAT PIPES
o HEAT PIPES RUUTED TO PLATE AT REAR OF RV

LOADED PLATE
&V THERM L
INTERFACE
—
—— /ﬁ ]\ BOOSTER HEAT
HEAT — REJECTIGN
| PIPE __SYSTEM

o CONDUCTION TO BOOSTER HEAT REJECTION SYSTEM USING A SPRING OR PNEUMATIC

FIGURE 124
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ACTIVE HEAT REJECTION SYSTEMS

GASEQUS NITROGEN COOLED

o OPEN SYSTEM NOT CONSIDERED BECAUSE OF EXCESSIVE WEIGHT
o CLOSED SYSTEM REQUIRES 200 FT3/MIN

o RV TO bJOSTER GAS DISCONNECT LINES

o PRESSURIZED RV

0 GAS H/X & 3LOWER ON [-COSIER

INTERNAL RV FREON LOOP

0 400 LBy/HR FLOW RATE

o RV TO BOOSTER DISCONNECT LINES
o FREON H/X & PUMP ON BOOSTER

o COLDFLATED RV EQUIPMENT

INTERNAL WATER LOQP

o 100 LB,/HR FLOW RATE
o WATER H/X & PUMP ON BOOSTER
o COLDPLATED R\ EQUIPMENT

FIGURE 125
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and heat paths through the reentry heat protection system would have to be designed.
The hea* sink system of Figure 123 has been in use for high heat generation comporents.
A factor of five reduction in PCM material mass can be realized by qualifying RV
components to 150°F instead of 100°F,

The Water Boiler system of Figure 124 seems very light,but the additional weight
for the fluid loop for tramsporting the heat to the water boiler and the cold plates
mus: be considered. This system may alter current RV design philosophy. Higher
temperature RV components significantly reduce water coolant requirements.

Heat pipes described in Figure 123 offer an excellent means of controlling the
temperatuare of the RV components. Heat pipes woula also have to be incorporated
into the RV design.

The active systems of Figure 125 all reject heat to the booster which in turn
must reject this energy along with its own waste heat to either the Shuttle or lo
space (by a radiator mounted on the side of the booster),

The recommended passive, semi-passive and active systems are listed in Figure
126, Further study of these approaches should be conducted to ascertain cost, impact
on RV design, impact or Shuttle and the overall complexity. An alternative to
developing a quasi-steady state heat rejection system is to operate the RV at high
powers for only five minutes and to design hardware with low waste heat characteris-
tics. Alternately, it also appears that some redesign of the KV subsvstems will be

required to accommodate any of thece heat rejection concepts.

RECOMMENDED HEAT REJECTION SYSTEMS
CONCEPT 1 - RADIATOR WITH PCM

o RV COVERED WITH RF TRANSPARENT ASTROQUARTZ (a/e = .25)
0 HEAT SINK SUPPLEMENTED WITH PCM

0 ATTITUDE CONSTRAINTS FOR LONGER THAN NOMINAL MISSION DURATION
CONCEPT 2 - HEAT PIPE
0 HEAT PIPES ATTACHED TO HIGH HEAT REJECTION RV EQUIPMENT

0 CONTACT CONDUCTANCE TO BOOSTER USING PNEUMATIC LOADED PLATE
0o DECOUPLE BEFORE SPINUP BY RELEASING GAS PRESSURE

CONCEPT 3 - WATER COOLED KV EQUIPMENT

0 COLDPLATE HIGH HEAT REJECTION RV EQUIPMENT
0 QUICK DISCONNECT WATER LINES MECHANICALLY DECOUPLED PRIOR TO SPIN UP

FIGURE 126
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15.0 RANGE SAFETY

After separation from the Shuttle, mission control requires that the Mission
Director have a real time knowledge of the PDS position and have available a cc.omand
link to the PDS. Range safety is primarily concerned with possible booster mal-
functions that can cause a change in trajectory and result in payload impact in an
undesirable location, such as a populated land mass. The need for safety rules,
related to Shuttle-launched payloads, is discussed in Section 15.1 Tracking sys*em
accuracies and equipment are described in Section 15.2. 3Sectio~ 15.3 describes the
command link requirements. Section 15.4 provides the tracking, communications, and
range safety considerations for the example cases of Section 16,

15.1 Safety Considerations - Ia considering range sa’ :ty, we have reviewed

SAMTEC Manual 127-1, Range Safety Requirements (Reference - . This document divides
vehicles into four categories for safety purposes. Reentry vehicles are included
under "Ballistic Missiles/Space Vehicles". However, the document assumes that all
vehicles are launched from VAFB and requirements for launch frem an orbiting space-
craft are not stated nor can they be readily inferred. The following quotations
illustrate the problem.

"1.2.2.1 Flight Termination Systems - All missiles and space vehicles

flown on the range must be equipped with flight termination systems...

These systems must be capable of terminating thrust until the impact point

is established or orbital injection occurs."

"1.2.4.2 At least one tracking aid shculd be carried on all launch

venicles..."

"2.5.1 General Vehicle Data. The following items are required for each

missile flignt."

"H ]

2.5.1.7 Expected impact point...for each stage or jettisoned body...'
"2.5.1.8 Impact dispersion data for each stage and jettisconed body."
"2.5.2 Trajectory Data Requirements...from launch up to a point in flight
where effective thrust of the final stage has terminated or tc thrust termin-
ation or burn which places the vehicle in orbit,”

We can inier from the above tha® an unpowered RV need not be egui,ped with any

command-destruct svstem. This conclusion is supported by the fact that downrange

sites s'ich as Kwaiilein and Can'on Island do not have command transmitters. On the

other hand, the booster will require .~mmand-destruct provisions.
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There are four eveats in the mission that are critical. These are: separation
from Shuttle, orbit plane change burn, deorbit burn, and spacing burns. PDS separa-
tion is under control of Shuttle. The Shuttle Payload Interrogator provides two-way
communication with the PDS up to a range of 20 NMI. Any safety problems associated
with separation must be considered in designing the payload interface; ground range
safety personnel will not normally be involved. During the three burn periods, it
will be desirable to have a command capability that can terminate the burn or other-
wise modify PDS behavior. The best solution is to plan the burn periods whiie the
PDS is within range of a ground station that has command capability. Since downlink
telemetry data is also of interest during a burn, this is a further incentive for
such burn scheduling. Ir some of the missions being studied in Section 16 this is
not possible. For instance, the deorbit burn locations are east of the southern tip
of Africa for case 2 or 3 of Section 16 where command capability can only come from
a ship. However, cases 1, 4 and 5 will be within tracking range of Orroral, Australia
shortly after deorbit burn. Therefore, any departures from planned trajectory can be
detected and appropriate action taken. For Poker Flat missions, tracking from KMR,
Hawaii or Guam is also probable for some opportunities,

While the PDS is not a launch vehicle in the usual sense, a tracking heacon
may be required. It would seem desirable to have the various agencies concerned
with range safety give consideration to defining requirements for Shuttle launched
reeutry vehicles. This would resolve the need for tracking beacons and also ident~
ify a minimum STDN~SGLS compatible command link. It is anticipated that some track-
ing of the PDS will be required for range safety purposes,

15.2 Tracking - Real time knowledge of position can be obtained by several
methods:

a, ground radar tracking

b. coherent command and telemetry signal {S%LS or STDN)

c. Tracking and Data Relav Satellite (TIDRS)

a. Global Positioning Satellite Systew
Methods a. and b. require line of sight contact between the PDS and ground. ‘!lethod
c. relays data from PDS to satellite to ground. Method d provides position fixes
for the PDS which :t must then re.ay to the ground. The accuracy of these systems
is (.mpared in Figure 127, Obviously, radar tracking is more accurate. The STDN
tracking and the SGLS system use a PRN ranging code which is transm.tted tc the
PDS by the command transmitter and returned to the ground via the telemetry trans-

mittecs PDS range is determined from the codes round-trip travel time, Many fac-
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TRACKING SYSTEM ACCURACIES
RADARS E o
T Z
O~ | Ve~ | X — — v
<@ %o e|sy [, 2 .Sy [EES
23 10821 ED |42 (B2 & 3¢
UNITS wl |EZT I RE |R2 (6E | B n
W@ [3) | @G| 6
AZIMUTH & MRAD 0.1 40.2 | +1.0] +2.0| +0.6|/ NA | NA
ELEVATION
RANGE FFET +15 | +9 +75 | +78 | +119| +2100] KA
RANGE RATE | T/SEC | NA | # +0.2| 0.8 +1.7 | +10
ALTITUDE FEET NA NA NA NA NA NA 133
POSITION FEET NA NA NA NA NA NA 126
(v) MAXIMUM ACCURACY - DOES NOT INCLUDE PROPAGATION ERRORS
(2) AT S/N = 20 dB OR APPROX. 100 NM FOR PDS TARGET
(3; AT MAXIMUM RANGE OF 2300 NM
(4) 1 SIGMA SPECIFICATION ACCURACY
(5) DATA IDENTIFIED AS "REPRESENTATIVE" IN REFERENCE 17
(€) CALCULATED FOR SHUTTLE IN REFERENCE 4, SAME REPORT
GIWES 1730 FT FOR STDN ACCURACY
FIGURE 127
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tors affect the accu.acy i cluding vehicle orbital parameters such as aerodynamic
drag and atmospheric refraction., Vehicles in highly stable orbits can be tracked
more accurately than one with maneuvering capability such as Shuttle. This explains
(in part) the seeming conflict between notes 5 and 6 of Figure 127, Range rate,

on the other hand, is determined by measuring Doppler shift in the coherent carrier.
The range rate accuracy is therefore a function of electronic measuring capability
and is not dependent on PDS dynamics., Consequently, range rate accuracy is good

for the SGLS/STDN tracking.

The TDRSS uses the same tracking principles as the SGLS/STDN system. In view
of the greater range (TDRS average range is 23,000 NMI}and greater uncertainty of
TDRS position, the accuracy is not as good. The Global Positioning System, which
uses 24 satellites, takes data from any 4 satellites and correlates it to get a
more accurate position than can be obtained from a single TDRS. However, the satei-
lite data is processed on the PDS for position information. The data must then be
input to the telemetry system for relay to the ground. The data can also be used
to update an inertial guidance systez. In terms of equipment the Global Position-
ing System requires only an antenna, receive~ and processor on the PD5 but to use
TDRSS as a tracking aid will require a high power transmitter and possibly a steer-
able antenna (See Section 12,2.4).

1.. general, ground tracking s-ations would be preferred when the PDS is within
the line of sight. Unfortunately, conventional C-band tracking stations are rela-
tively few in number, NASA has C-pand radars at Bermuda, Hawaii, Tananrive and on
the Vanguard ship. However, as TDRSS becomes operaticnal, ground telemetry facilities
at Hawaii and Tananrive are scheduled to be closed., If the entire station is closed,
the tracking radars will no longer be available, The Air Force has C-band capabil-
ity at Vandenberg, Hawaii and Canton I-land. The army has several tracking radars
at Kwajalein, including C-band. These radars can skin tvack a 1 square meter tar-
get to 1700 NMI and a beacon equipped target to 32,000 NMI. Since the Transtage has
a radar cross-section varying from 7.3 sq. meters (head on) to 13.8 sg. meters
(broad-side), these rauars should he.e no difficulty skin-tracking the PLS any time
it is above the horizcn. (A PDS altitude of 500 NMI is equal to 13 linu-of-sight
range of 1700 NMI at the horizon,)

The Pok-.r Flat Research Range is not as well equipped for tracking as KMR. It
has three radars and receives support from USAF radars at Ft, Yukon, Two of the
radars are short range X-band and the third is 1 NASA S-band VERLORT with a range

of 2300 WML to beacon 2quipped targets. This radar will be useful for tracking the
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PDS and RV'S. The USAF radars are primarily scanning radars and can provide some

back-up capability, but should not be considered a lock-on tracking facility.

It seems to be NASA's intent to equip the IUS with transponders compatible
with the PRN ranging code used by SGLS and STDN. Use of TDRSS is not planned for
the IUS or DoD payloads (see Reference 15). Thus, tracking and communications will
be primarily by the STDN station at Fairbanks, Alaska and Orroral, Australia and
the SCF station on Hawaii anc Guam. Skin tracking from KMR is possible and a

beacon transponder is not necessary. However, range safety may dictate the use of

a beacon,

The capability of Shuttle to track its owr payloads (look-down capability) is
severely limited. The range of the Payload Interrogator is only 20 NMIL. Tte rendez-
vous radar can track to 300 NMI if the PDS is equipped with a transponder. There is
a possibility that for some mission strategies the Shuttle can track the PDS through
plane change burn., This is for those burns where the angular change is less than
5 deg., The Shuttle rendezvous radar is Ku-band and a PDS transponder for this frequency
is not usable with ground track C-band or other lower frequency radars such as the
Kwajalein KREMS group. A similar problem exists for S-band tracking at Poker Flat.
The S-band VERLORT operates in the 2700-2900 MH: range which is above the S-band
telemetry range of 2200-2300 MHz and slightly below the Kwajalein TRADEX frequency
of 2950 MH:s. Thus, a PDS usable for either impact site could have tiree beacons,

It is more likely that they will be mission-tailored, have only one beacon, and skin
tracking at other frequencies will be adequate, If the mission plan keeps Shuttle
in reasonable range of thie PDS, a Ku-band transponder should be the checice. The
physically smaller Jayloads will be more difficult to skin track and should have a
C-band transponder,

In summary, for typical DoD missions to KMR or Poker Flat tracking will be
proviced by some of the folliowing: the STDN stations at Fairbanks, Aleska and
Orroral, Australia; the SCF stations on Hawaii and Guam; the VERLORT S-band radar
at Poker Flat (beacon track); the Army C-band tracking radars at Kwajalein (skin
or beacon track); Shuttle tracking radar. Some missions could be tailored to
allow Shuttle tracking during tne plane change burn and Orroral, Austrilia, tracking
during deorbit and spacing burns. However, in general, direct ground coverage of
PDS buras will not be possible, Consequentl., either a TDIS link 1ill be reqiired

or a tracking snip will have to be stationed within line of sight of the PDS burn,
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15.3 Command Links - During a PDS burn, commands may be required for range

safety purposes., The decision to send a command originates with the Mission Direc-
t~=. This decision is relayed to a tracking station within range of the PDS, or
can be sent via TDRS, Unlike a TDRS telemetry downlink, a command uplink is easily
implemented using the same command receiver and antenna used for a direct ground-
to-space link. The antenna location on the PDS will probably differ from the loca-
tion for a direct ground link but, normally, reliability considerations require use
of 2 or more antennas so that locations can be chosen to be compatible with both
communication methods.

The PDS command receiver can be either SGLS compatible or USB compatible, but
not both., SGLS commands are a three level (ternary) code transmitted at a rate of
2,000 pulses per second. USR commands are an error detecting bi-level cocde trans-
mitted at 8 KBPS, For the missions considered in this study, STDN station contacts
ar most probable. Consequently, USB compatible command receivers will be required.
These are also compatible with Shuttle initiated commands.

Another possible command mode is the C-band tracking radar. The Air Force
has used tracking radar as a command link on the Minuteman III program, This sys-
tem uses a five pulse code to send arm and destruct commands to the vehicle. The
MPS-36 radars at Vandenberg and Kwajalein are equipped to use this system. The PDS
would require a beacon transponder that can recognize the command pulses and send
them on to a second package containing command decoder electronics.

15.4 Example Missions - The communications and range safety requirements of

the example cas=s of Section 16 are considered in this section. Cases 1 through 3
consider impact at KMR; Cases 4 and 5 at Poker Flat and Case 6 at Meck Islanc of
KMR. In these missions, the communications equipment is assumed the : .me. This
includes a STDN compatib’e telemetry transmitter and command receiver and a Shuttle
compatible Ku-band r dar transponder,

15,4.1 Typical Mission - A typicil mission shc 'ing the ground station locations

is given in Figure 128. The Shuttle is in it: fourth orbit after a KSC laun.h when
the payload is separated from the Shuttle. 1he DS iner follows its own tiijectory
to KMR., Shaded areas uf Figure 128 show Shuttle communication range with ground
stations for a 160 NMI orbit. T"arly in the it._urth orbit. there will be a brief
contact with Madrid, Although mission rules anc planning & ‘e not established for
this tvpe mission, it would seem desirable to have voice cont.:t between the She .le

crew and ground mission control at the time of payload separatio... !Much depends on
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TYPICAL KMR MISSION
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FIGURE 128
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the amount of ground involvement in prelaunch checkout. For example, payload data
can be received at VAFB on the third orbit, the data analyzed and a launch decision
mad:, relayed to rfadrid, then relayed to Shuttle, ILf constant communication between
Shuttle and ground is available through TDRSS, the mission control task is easier

to plan. After payload deployment direct grade track of the PDS will be possible
from ORR and KMR,

The line of sight communication path to the ground is illustrated in Figure
129. As was stated above, there is no direct communication at the time of separa-
tion. Shortly after separation, the STDN station at Orroral, Australia will
receive the PDS telemetry signal and a few minutes later, voice and telemetry from
Shuttle. ORR will be able to receive a signal throughout the payload deployment
phase and near the end of payload deployment, the Kwajalein station will begin to
receive signals. The two stations overlap in their coverage of the payload but,
because of its lower altitude, there is a gap in coverage of Shuttle communica-
tions. This gap is probably not serious from a mission standpoint,

The Australian STDN station normally communicates by voice and teletype to
Johnson Space Center at Houston while KMR has a similar link to Vandenberg. Since
there are voice links between Houston and Vandenberg, a mission director can obtain
real time information on the mission as soon as a signal is acquired at ORR. Real
time monitoring of payload separation from Shuttle will require either a TDRSS link
or a ship stationed in the frigid waters of the extreme southern region of the Indian
Ocean, Thus, for KMR missions, the key ground stations are the STDN station at
Orroral for telemetry reception and, if needed, a command uplink and the KMR facil-
ity for telmeetry reception and C-band radar tracking. These comments apply in
general to the example cases presented in Section 16. Specifics of these missions
are described in the following text,

15.,4.2 Example Case 1 - Figure 130 identifies the ground coverage for PDS

plane change, deorbit maneuver, and spacing burns., The PDS plane change is made
at the Shuttle orbit altitude and has no ground coverage. If tracking is required
for range safety, there are three options possible: (1) Shuttle can track during
plane change if the PDS has a Ku-band transponder, (2) a tracking ship could be
positioned off the souther tip of Africa or (3) the PDS data corld be relayed to a
TDRS and then to an appropriate ground station,

After the completion of the short duration plane change burn, the £DS deorbit
maneuver is performed southwest of Australia again with no ground coverage. Shut-

tle cannot monitor this burn because it has mcved away from the PDS several hundred
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VEHICLE TO GROUND COMMUNICATION

{NOMINAL SOUTHWESTERN APPROACH TO KMR)

DISTANCE (NMI)

ORR  KMR
1 BOOSTER — SHUTTLE SEPARATION 1500 4340
2 ORR ACQUIRES TELEMETRY SIGNAL 1200 4000
3 ORR ACQUIRES SHUTTLE SIGNAL 1000 3800
4 KMR ACQUIRES TELEMETRY SIGNAL 900 2500
5 ORR LOSES TELEMETRY SIGNAL 2000 1100

AYLOAD
TRAJECTORY

SHUTTLE
ORBIT

FIGURE 129
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CASE 1 MISSION GROUND COVERAGE - FIRST OPPORTUNITY
KSC LAUNCH

160 NMI SHUTTLC CRBIT ALTITUDE, 57 DEG INCLINATION
RELATIVE ENTRY JELOCITY = 22,5 XFT/SEC

RELATIVE ENTRY F'.IGHT PATH ANGLE = -28 DEG
RELATIVE PIERCE AZ'MUTH = 34 DEG ;“, -
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nautical miles in crossrange and this burn rapidly separates the two even more so
in altitude. Therefore, either a tracking ship or TDRS link is required to monitor
this burn.

Shortly after the deorhit burn, the Australian tracking station at Orroral,
acquires the PDS, tracks i. _hrough the spacing burns, and later hands over to KMR
tracking. KMR tracks the payloads to impact., Figure 131 shows the tracking cover-
age for ORR and KMR on a trajectory plot. KMR acquires the payloads 15 minutes into
the deorbit trajectory and prior to apogee. ORR looses the first payloac track 12
minutes later, This allows sufficient time for handover.

In summary, a TDRS link is recommended to provide the plane change and deorbit
maneuver tracking and telemetry link for this mission. The ORR and KMR tracking
stations provide the remainder of the coverage to impact,

15.4.3 Example Cases 2 and 3 - The shallow flight path angle .eentry of cases
and 3 create special tracking and telemetry problems because of the difficulty in

obta..ing ground coverage, Figure 133 shows the ground track and coverage for the
PDS, The only coverage available from existing ground stations is from ORR and KMR,
The KMR coverage is minimal because the payload does not come over the horizon until
it is almost at the pierce poiat. Figure 133 shows thea <ltituder at which coverage
is available from ORR and YMR. Note that none of the PDS burns are covered. Shut-
tle cannot track these payloads because of the limited capability (300 NML) of the
rendezvous radar. For these cases it is reccmmended that a TDRS link be used for
PDS telemetry and tracking. This insures complete coveragze of the entire mission
from plane change maneuver to impact,

15.4.4 Example Cases 4 and 5 - A launch from KSC is shcwn in Figure 134,
Crbit 5 provides good coverage at ORR immediately following the PDS deorbit maneuver,

After the end of ORR coverage, both KMR and GTS will track the vehicle simultaneously.
On the other hand, only the GTS site can communicate with the PDS on orbit 6. The
three scations are compatible with respect to S-band telemetry reception but if a
command link from GTIS or KMR 1s desired, the system difierences noted in paragraph
15.. must be resolved.

¥Figure 135 shows three possible ground tracks into Poker Flat from a VAFB launch,
Shuttle orbit 12 .3 preferred for communications since the Madrid STDN statrion
-l support a post—~separation telemetry check of the PVS, Subsequentlv, ORR can
monitor thes deorbit and spacing maneuver and KMR can also track the vehicles, Orbit
13 provides marginal contact at OGRR and fair contact at KMR while excellent ~nntact
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with GTS is achieved. Orbit 14 provides only fair contact with GIS and no
other contacts,

Figure 136 shows the coverage for the first opportunity deorbit trajectories
for a KSC and VAFB launch. The ORR station just misses tracking the Jeorbit burn
for the KSC launch., Good coverage of apogee is obtained for both trajectories.
Coverage at Fairbanks and Poker Flat is poor because of the shallow flight path
angle reentry, If more complete tracking is desired, a TDRS link is recommended,

Example Case 6 ~ Figure 137 shows a ground track and coverage from Fairbanks

and KMR of the first opportunity deorbit. The deorbit maneuver is performed just
before tracking is initiated., By adjusting reentry conditions at Meck or Shuttle
orbit altitude complete coverage could be provided. The remainder of the trajec-
tory is covered including an overlap near apogee as shown in Figure 138,

In conclusion, tracking and telemetry from ground stations during PDS burns
is not guaranteed for a wide range of missions. Therefore, if coverage is required
for range safety purposes, it is recommended that a TDRS link be considered for
the PDS. This requires a 50 watt transmitter and steerable parabolic antenna as
described in Section 12, The alternatives of tracking ships or tracking from
Shuttle do not appear feasible., Several tracking ships would be required to cover
both the plane change and deorbit burns. Shuttle tracking ranges of several thousand
NMI would be required. Therefore, satellites like the TDRS appear the most practi-

cal solution in the 1980 time frame,
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16, ANALYSIS OF SPECIFIC MISSIONS

This section presents the detailed analysis of six example cases requested
in Reference 2. Each case was analyzed in a similar manner which involved select-
ing the Shuttle orbit for PDS deployment; determining the PDS plane change, deorbit,
and spacing burn requirements; defining the number of deorbit opportunities avail-
able; establishing the propellant requirements of the Transtage booster, The
approach used will be discussed in detail for the first case. For the other cases,
the approach will only be discussed where it differs from the first. The major
conclusion from the analyses of the six cases was that all could be done with ease
from the nominal Shuttle orbit altitude with a Transtage class or smaller booster.

16.1 Example Case 1 Results - This case requires deorbiting two payloads of

600-1b and 30-1b such that they reenter at KMR with a relative velocity of 22,5

kfps and flight path angle of -28 deg. This represents a typical VAFB to KMR ground
launch pierce point.condition. However, in this case the payloads will approach

the KREMS radars through the southwest corridor described in Section 5.

The KREMS southwest corridor at Kwajalein requires an approach azimuth (pierce
point azimuth) of between 34 and -5 degrees. For a maximum northward Shuttle launch
from KSC into a 160 NMI orbit, a PDS plane change is required to meet this con-
straint. More eastward launches from KSC require even more of a plane change.

Because there is a range of allowable pierce point azimuths at KMR, it is
possible to find a pierce point azimuth which minimizes the plane change AV require-
ment, This is accomplished by first determining the location of the deorbit burn
as a function of pierce point azimuth at KMR. Figure 139 shows typical ground tracks
and deorbit locations for three pierce point azimuths. (Note the change in deorbit
lurn location.) A PDS plane change maneuver must be made at some point of the
Shattle orbit to place the PDS at this deorbit location. The minimum plane change
AV occurs 90 degrees from this deorbit point. The plane change does rot in general
place the PDS at the deorbit burn location with the proper azimuth. However,
depending upon the range of allowable pierce point azimuths, there may be one which
has a deorbit point and deorbit azimuth consistent with a single plane change
maneuver,

Figure 140 is a plot of the inertial azimuth at the deorbit burn location as a
function of the pierce point relative azimuth., The line labeled ‘''deorbit burn
azimuth" is the required azimuth at the deorbit burn location to achieve the required

pierce point conditions and impact point location. (The impact point is given in
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Section 5,) The line labeled "plane change at minimum AV orbit #4" is the resultant
inertial azimuth at the deorbit burn location if a PDS plane change is performed
during Shuttle orbit 4, 90 deg away from the deorbit location, and results in an
orbit which passes through the deorbit burn location, Because the two curves do
not intercept, no plane change at the minimum plane change AV point will place the
PDS at the deorbit burn location with the required deorbit burn azimuth. Therefore,
the plane change must be made at a nonoptimum point or a second plane change is
required,

Figure 141 presents the data to select a plane change location at a nonoptimum
AV location., In the top plot, the inertial azimuth at the deorbit location is
plotted as a function of the longitude on Shuttle orbit 4 where the nonoptimum
plane change is made. The curved lines starting on the left represent the variation
of azimuth achieved at the deorbit location as a function of the plane change
longitude. The straight lines starting at the right merely identify the required
deorbit azimuth. The intersection of the two lines for the same relative azimuth
identifies where the nonoptimum plane change must occur, For instance, a plane
change at about 26 deg west longitude will provide the proper azimuth at the
deorbit point for a 34 deg relative azimuth reentry at KMR., The resultant plane
change AY is read at the corresponding longitude on the bottom plot. It is 2570
fps and is only slightly greater than the optimum of 2250 fps. Not much of a AV
penalty results. Therefore, this plane change location and a pierce point azimuth
of 34 deg was selected for the first opportunity deorbit for case 1,

Another interesting possibility arises when the top plot of Figure 141 is
reconsidered, Note that the deorbit inertial azimuth curve for a 28,5 deg pierce
point azimuth is almost independent of longitude and only about 3.5 deg different
than the required value, In addition, referring to-the bottom figure almost no
plane change is required to hit the deorbit point. These two facts indicate th=
possibility of a combined plane change-deorbit maneuver at the deorbit point.

This in fact is possible and provides a 28 deg relative pieivce peint azimuth at
KMR, The plane change required at the deorbit burn point is only one degree and
is easily combined with the deorbit burn,

Figures 142 and 143 provide the ground tracks for the first opportunity and
single burn deorbit opportunity, respectively, In either case, both maneuvers
occur during Shuttle orbit 4 and the PDS passes over Australia during the deorbit
trajectory, At the PDS plane change point the Shuttle continues in its original
orbit and the PDS orbit iaclination is changed.
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The deorbit trajectories for the two payloads and the booster are shown in
Figure 144. The 90 sec spacing at pierce is achieved by spacing burns initiated
7.5 and 8.5 min after deorbit burn initiation for the second RV and booster,
respectively. The trajectory from pierce to impact is assumed to be a vacuum
trajectory, i.e., no atmospheric effects, Note that the first RV reenters 33.7 min
after the deorbit burn initiation.

Detailed information concerning the deorbit trajectory maneuver locations and
characteristics are provided in Figures 145 and 146. The ground range to impact is
measured along a great circle to the impact point and not zleng the trajectory
ground track. The latitude and longitude are given in geodetic coordinates and
reflect a spherical earth, Altitude is the geometric altitude with impact assumed
to be sea level, The azimuth, velocity and flight path angle given are relative
values. Time to impact is measured from first payload impact. Atmospheric effects
are neglected from reentry to impact. Inclusion of the atmospheric effects would
not change the results significantly. The Impulsive AV is that required to change
plane, deorbit, or space tue payloads. For this case, the deorbit AV is large
due to the large flight path angle change required during the deorbit maneuver.

The payloads are targeted to impact at the same point, Consequently, the ground
range, latitude, longitude and altitude are equal at impact. In addition, payloads
pass through 300 kft spaced 90 seconds apart,

The performance requirements of Transtage are provided on the computer output
of Figures 147 and 148. This was obtained by exercising option 4 of the sizing pro-
gram described in Section 5. The results shown assumed propellant is offloaded
to minimize launch weight. In Figure 147, the launch mass of the bus
include all inert mass and propellant (see Section 8); the spin system and attach-
ments include the tubular strut support as well as the spin tables (see Section
11); the total without payload is the sum of the previous columns; and the total
with payload adds the payload v-2ight from the payload summary. This last number,
22849,6 1lbm, is the total PDS mass in the Shuttle payload bay. The propellant mass
only applies to the bus, In this case the bus function is served by Transtage.

The propellant mass given in the last column, i.e., 18221.1 lbm, represents the
total required for this mission. The burnout mass for the booster/bus is the inert
mass; for the spin system it is the launch mass (it has no propellant); the total
without payload is the sum of bus and spin system; the total with payload adds the

RV mass to give the total dry weight of the PDS which is 4628.5 lbm, In the next
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CASE 1 DEORBIT SUMMARY — FIRST OPPORTUNITY
KSC LAUNCH
RANGE T RELATIVE | TIME TO{RELATY A
3 O{RELATIVE { FLIGHT IMPULSIVE
IMPACT  |LATITUOE JLONGITUDE JALTITUOE |AZIMUTH |IMPACT* {VELOCITY |PATH ANGLE| av
Emss (1) (DEG) (DEG) (xfT) | (oEG) | (MIN) }(KFY/SEC)| (DEG) (FT/SEC)
LANE
me(,g 8140.95 | -36.13f 26.26 |972.2 133.68| 48.97 | 28.41 0.00 2570
MANEUVER
DEORSIT 1]4787.30 | -49.87]105.31 | 972.2 68.331 34.18 | 21.55 27.19 11150
MANEUVER
2] 3648.67 | -39.79{ 128.21 43115 48.61| 26.68 | 17.06 20.90 1016
3§ 13520.59 | -~38.36] 130.25 ks57.9 46.81) 25.68 | 16.57 22.51 986
ENTRY 1 91.39 7.6af 166.54 | 300.0 34.00| 0.47 | 22.50 | -28.00 -
2| 87.08 7.88| 166.36 | 300.0 33.93} -1.03 | 22.41 | -30.31 -
31 84.06 8.16] 166.20 | 300.0 33.88] -2.53 | 22.38 | -32.49 --
IMPACT(NO 1 0.00 8.90] 167.40 | 0.0 34,261 0.00 | 22.92 | -28.31 -
ATMOSPHERE )
2 0.00 8.90] 167.40 0.0 34.19] -1.50 | 22.83 | -30.60 --
3 0,00 8.90| 167.40 0.0 34.12] -3.00 | 22.80 | -32.77 --
*IMPACT OF FIRST PAYLOAD TOTAL &V = 15722 FPS
ORIGINAL PAGE IS
OF POOR QUALITY
FIGURE 145
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CASE 1 DEORBIT SUMMARY - SINGLE BURN OPPORTUNITY

KSC LAUNCH
GROUND RELATIVE
RARGE TO RELATIVE{TIME TO{RELATIVE | FLIGHT IMPULSIVE
IMPACT [LATITUDE ELONGITUI! WLTITUDE JAZIMUTH | IMPACT* [VELOCITY | PATH ANGLE| av
E (n1) (DEG) (DEG) (KFT) (DEG) (min) [ (xFT/SEC)] (DEG) (FT/SEC)
LANE
GE 4734,26 | -54.47 | 111,37 972,2 | 62,65 33.54 21.54 27.14 -
EUVER
ORBIT 1] 4734.26 | -54.47 | 111,37 972,2 | 62.65 33.54 21.54 27.14 11240+
EUVER
2| 3592.88 } -42.62 | 134.18 4286.6 | 41.74 26.03 17.09 20.71 1075
31 3464.28 1 -41.00 | 13€.06 4629.3 | 39.94 25.04 16.57 22.38 1023
ERTRY 1 91.51 7.56 | 166.67 300.0 | 28.00 0.47 22.50 -28.00 -
2 86,51 7.81 | 166.45 300.0 | 27.92 -1.03 22.41 -30.45 -
3 84,76 8.08 | 166.24 300.0 | 27.84 -2.53 22.34 -32.71 -
IMPACT(NO 1 0.00 8.90 | 167.40 0.0 | 28.25 0.0 22,92 -28.34 -
[ATMDSPHERE )
2 0.00 8.90 | 167.40 0.0 | 28.16 -1.50 22,83 -30.77 -
3 0.00 8.9C | 167.40 0.0 | 28.08 -3.00 22.77 -33.00 -
*IMPACT OF FIRST PAYLOAD TOTAL 4V = 13338 FPS

+COMBINED PLANE CHANGE AND DEORBIT BURN

B
PAGE
ORXGY“;O% QUMXN

FIGURE 146
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TRANSTAGE PAYLOAD AND PERFORMANCE SUMMARY

CASE 1 FIRST OPPORTUNITY
KSC LAUNCH

PAYLOAD SUMMARY
TOTAL NUMBER = 2

TOTAL MASS = 630.0 LBM

NUMBER 1 2
M-LBM 600.0 30.0

DESIGM SUMMARY BOOSTER BUS SPIN SYS &€ TOTAL TOTAL

ATTACHMENT WwW/O0 PAY I PAY

LAUNCH MASS C(LBM) .0 21972.1 247.5 22219.6 2234g. €
PROPELLANT MASS (LBM) .0 18221.1 .0 18221.1 18221.2
PURNOUT IMASS CLBM) .0 3751.0 247.5 3098.,5 1628.5
LENGTH (FT) .00 14,83 7.00 21.83 22,07
DIAMETER (FT) .00 10.00 10,00

TOTAL IMPULSE (KLB-SEC) .0 5490.0 5“00;0
BURN TIME (MIN) .00 5.82 5.02
MASS FRACTION . 000 .829
THRUST CKLB) .000 15.733
OFFLOAD REQUIREMENTS
OFFLOADED PROPELLANT = 4810,93 LB8M
PERCENT OFFLOAD = 20.89 PERCENT

EXCESS DELTA=-V = 1852.27 FT/SEC

SYRH! SUMMARY

RURNY DV  BURN-T I-TOT INITIAL 8/0 PROP TOTAL  M-DEPLOY
NO C(FT/SEC) (MIN) (KLB=S) (uBM) cwam) (LeM) (LRM) (LB

1 2570.0 1.70 1603.3 22849.6 17528.4 5321,2 5321.2 -.0

2 11150.0 3.62 3609.4 17528.4 5549.1 11979.3 17307.5 £n0,0
3 1016.0 16 1484 4golg,1 hs56.6 bg2.4 17793.0 30.0
I 98G.n 14 129.0 W426,6 3908.5 B28,1 16221.1 30075 %
IRK .
FIGURE 147
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TRANSTAGE PAYLOAD AND PERFORMANCE SUMMARY

CASE 1 SINGLE BURN OPPORTUNITY
KSC LAUNCH

PAYLOAD SUMMARY
TOTAL NUMBER = 2
TOTAL MASS = 630,0 LeM
NUMBER 1 2
M=-LBM 600.0 30,0
DESIGH SUMMARY BOOSTER BUS SPIMN SYS & TOTAL TOTAL

ATTACHMEMNT /C PAY W PAY
LAUNCH MASS (LBM) .0 16971.0 247.5 17218.5 17848.5
PROPELLANT MASS (LBM) .0 13220.0 .0 13220.90 132235.0
BURNOUT MASS (LBM) .0 3751.0 247.5 3998.5 4628.5
LENGTH CFT) .00 14,83 7.00 21.83 22.00
DIAMETER (FT) .00 10,00 10.09
TOTAL IMPULSE (KLB=-SEC) .0 3083.2 3933.2
BURH TIME C(MIN) .00 4,22 4,22
MASS FRACTION .000 779
THRUST (KLB) . 000 15.733

OFFLOAD REQUIREMENTS

OFFLOADED PROPELLANT = 9812.02 LBRM
PERCENT OFFLOAD = 42,60 PERCENT
EXCESS DELTA-V = 4oh6.82 FT/SEC

BURMN SUMMARY

BURL bV BURN-T I-TOT IMITIAL R/O PROP TOTAL M_DEPLOY
NO (FT/SEC) (MIN) (KLB-S) (LBM) (LBM) (LBM) LsMd Lsm)

1 11240,0 3.91 3691.0 17848.5 5598.2 12250.3 12250.3 £00.0

2 107%.0 .17 158.1 4998,2 4473.5 524,6 12775.0 30.0
3 1023.0 L4 134,1 4yu3,.5 3998.5 45,0 13229.0 3998.5

FIGURE 148
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3

line, the length of the bus and spin system are combined to give the total without

payload. The last column which gives 22 ft includes the payload. For tubular spin
systems the total length with and without payload is not much different. The pay-~
loads protrude only slightly from the tubes., The diametasr, total impulse, burn
time and thrust are self-explanatory. The mass fraction is the ratio of propellant
to bus launch mass.

Offload requirements define how much propellant was offloaded to perform
this mission., (Fully loaded Transtage has 23032 lbm of propellant.) The excess 4V
is the AV capability which could be achieved if the propellant were not offloaded.
The first opportunity case only requires 20%Z offload indicating the Transtage is of
reasonable size for this mission. However, the sirgle burn opportunity described
in Figure 148 requires 42% offload and indicates Transtage is oversized,

The burn summary provides the burn number; impulsive AV required, DV; the burn
time, BURN-T; total impulse for that burn, I-TOT; the initiai PDS mass, INITIAL;
the mass at the completion of the burn, B/O; the propellant used, PROP; the total
propellant used through the present burn, TOTAL; and the mass deployed before the
next burn, M-DEPLOY. A zero mass deployed indicates only a plane change maneuver
was performed, Note that the burn time is quite long for burn 2,the deorbit burn
in Figure 147,but very short for the low total impulse spacing burns 3 and 4,

In conclusion, example case 1 can be achieved with a Shuttle launch from KSC,
Only one opportunity at KMR is provided due to the large AV required at deorbit,

A combined plane change and deorbit burn is feasible indicating a possible applica-
tion of a solid rocket motor, By performing a combined maneuver, the booster
propellant requirements are significantly reduced.

16.2 Example Ca: 2:s 2 and 3 Results - These cases require deorbiting one or

two 1000-1b payloads at KMR withk a relative velocity of 25 kfps and a flight path
angle of -5 deg. This represents a class of reentry conditions which are easily
achieved from Shuttle orbit, The approach used to define plane change and deorbit
requirements is analogous to that described for case 1 in Section 16.1.

Figure 149 shows the sensitivity of deorbit burn location to pierce point rela-
tive azimuth., Note that the deorbit locations are far removed from KMR because of
the shallow angle entry requirement.

Figure 150 contains the working data which defines the pierce azimuth for a
single plane change maneuver from orbit 4, The solid line represents the variation
of the inertial azimuth at the deorbit point as a function of the relative pierce

point azimuth. The dashed line represents the variation of the plane change trajec-
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tory inertial azimuth at the deorbit point as a function of the relative pierce
point azimuth. The crossover point is the point at which the plane change and
deorbit trajectory azimuth are equal and no second plane change burn is required.
This corresponds to a relative pierce point azimuth of 26.]1 deg., Figure 131 gives
the ground tracks for the plane change and deorbit trajectories. The plane change
maneuver is made over the mid-Atlantic and the deorbit burn off the east coast cf
South Africa.

The above analysis addressed only the first payload deorbit trajectory. In
case 2 the PDS and in case 3 another payload and the PDS must be deorbited. To
define these payload state vectors and AV requirements, they were assumed targeted
to the same impact point as the first payload but 90 sec apart in time at the pierce
point. The trajectories for cases 2 and 3 are shown in Figure 152,

Case 2 includes only the first RV and PDS trajectory. The middle trajectory
labeled RV #2 or PDS correspends to the PDS trajectory for case 2. The first RV
reenters 38.7 minutes after deorbit burn initiation with the other payloads spaced
90 seconds behind., The apogee altitudes are low because of the shallow angle reentry.
Figure 153 provides a detailed summary of these trajectories. For case 2, item 1 and
2 refer to the RV and PDS, respectively. For case 3, item 2 is the second RV and
item 3 is the PDS. Note the low AV requirements for these missions. This is further
emphasized by the design summary of Figures 154 and 155. Here a propellant offload-
ing of 84 and 78% for cases 2 and 3, respectively, could be achieved, However,
nearly 10,000 fps plane change AV is required to have a second consecutive deorbit
opportunity at KMR, Therefore, it may be advantageous to use a fully loaded Transtage
with an excess AV capability of 11371 or 9341 ft/sec to allow for a second consecu-
tive deorbit opportunity. Obviously, the Transtage is oversized for case 2 and 3
single opportunity reentry at KMR, The Minibus concept of Section 11 may be more
practical for these cases,

To further summarize case 2 and 3 missions, the mission sequence shown in
Figure 156 is provided. From the time of Shuttle launch at point 1 to achievement
of circular orbit is almost one full orbit, The PDS deployment occurs at wne end of
the third orbit over the Pacific., By the time the PDS passes over Canada it is
ready for the plane change maneuver at point 4. As it approaches the coast of Africa
the deorbit burn is completed, the RV deployed, and the spacing burn performed.
Approximately 40 minutes l-ter the RV reenters at KMR. Six hours after Shuttle
launch the payload impacts at KMR. These time lines may vary depending upon specific
launch conditions and deorbit requirements, but the mission sequence seems to allow
sufficient time for all prelaunch checkout and commit decision to be made.
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3
CASES 2 & 3 DEORBIT SUMMARY — FIRST OPPORTUNITY
' GROUXD RELATIVE
RAGGE TO RELATIVE |TIME TOJRELATIVE |FLIGHT  |IMPuLSIvVE
IMPACT  JLATITUDE |LONGITUDE ALTITUDE |AZIMUTH |IMPACT® |VELOCITY |PATH ANGLE] :v
HASE (Nt (DEG) (DEG) | (kFT) | (DEG) | (mIn) ](XFT/SEC)| (DEG) (FT/SEC)
bt 3
e GE 7456.25 | 43.61 | 326.12 | s72.2 | 139.68| 63.31 | 24.61 0.00 2865
WIELVER
.
DEORBIT 1 8828.35 | -31.41 12.59 | 972.2 | 147.79; 41.01 | 28.16 4.57 1993
MENEUVER
; 2|8183.18 | -20.61 20.52 {1297.2 | 142.29| 38.01 | 23.72 5.34 561
; 3t7072.73 | -43.42 | 23.56 '1425.4 | 139.95| 37.01 | 23.52 6.6" 631
N i {
EUTRY 1| s61.08 53 | e3zs | 3000 | 26,101 2,28 25.00 | -5.00 --
: ,
\ {
; 2| 2€3.86 | 2.08 | 163.77 iaoo.o 6.1 o.78) 2897 | -6.19 --
| 3] 378.33 | .48 | 16418 § 300.0 | 26.34| -0.72| 26.90 | -7.57 -
'meacT(io 1| 0.00 | 8.90 [ 167.40 | 0.0 | 26.63] 0.0 | 2238 | -4.9 --
‘ATMOSPHERE)
i 2| oc.00 | g.90 | 167.40 0.0 | 26.60| -1.07| 25.33 | -6.18 --
" 3| o0.00| 8.9 | 167.40 Lo.o 26.61| -2.23] 2v.30 -7.58 --

*IMPACT OF FIRST PAYLOAD TOTAL =V = 5416 FPS CASE =2

- 6047 FPS CASE =3

ORIGINAL-

n p
fTXMe¢Qbﬂgﬂ?ls

FIGURE 153
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TRANSTAGE PAYLOAD AND PERFORMANCE SUMMARY
CASE 2 FIRST OPPORTUNITY
KSC LAUNCH

PAYLOAD SUMMARY

TOTAL HUMBER = 1

TOTAL MASS = 1000,.0 LBRM
NUMBER 1

M-LBM 1000.0

DESIGM SUMMARY BOOSTER BUS SPIN SYS £ TOTAL TOTAL
ATTACHMENT “/0 PAY \' DAY
LAUNCH MASS (LBM) .0 7410.4 270.9 7€32.4 86E1. 4
PROPELLANT MASS (LBM) .0 3659.4 .0 3€59.4 3659.1
BURNHOUT MASS (LBM) .0 3751.0 279.0 4021.n 5121.1
LENGTH (FT) .00 14,83 2.83 17.67 25.67
DIAMETER (FT) .00 110.909 10,00
TOTAL IMPULSE (KLB-SEC) .0 1102.6 1102 %
BURN TINE (MIID) .00 1.17 1.17
MASS FRACTION .000 .hal
THRUST (KXLB) .000 15.733

OFFLOAD REQUIRENENTS

OFFLOADED PROPELLANT = 19372.65 LRM
PERCENT OFFLOAD = 84.11 PERCENT
EXCESS DELTA-V = 11371.42 FT/SEC

BURHN SUMMARY

BURN DV BURN-T 1-TOT INITIAL B/0O PROP TOTAL  M=DFPLOY
NO C(ET/SEC) (miIt) (rLB-S) (LBM) cLsM) s CLBeM) cwsr)
1 28¢5.0 .7% 6?9.2 2?80'" 6;23.% igg%.l 2?55.1 1000'3
2 1990.0 . 1.2 159. ) . 09g, 119. NC.
3 331.0 .%é 3'}2.2 u268.) 1021.0 239.% %659.& §021.9
FIGURE 154
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TRANSTAGE PAYLOAD AND PERFORMANCE SUMMARY
CASE 3 FIRST OPPORTUNITY
KSC LAUNCH

PAYLOAD SUMMARY

TOTAL HUNBFR = 2

TOTAL MASS = 2000.0 LBnh
WUMPER 1 2
-L8M 1000.0 1000.0

DESIGHN SUMMARY BOOSTER BRUS SPIM SYS € TOTAL TOTAL
ATTACHMENT I/O PAY ' PAY

LAUNCH NMASS (LBM1) .0 8738.0 392.9 9130.8 11130.8

PROPELLANT MASS (LB!M) .0 4987.0 .0 4027 .n NaS7.9

BURNOUT !MASS (LBM) .0 3751.0 392.9 h143,0 “143.9

LENGTH (FT) .00 14,83 2.33 17.€7 257

DIAMETER (FT) NN 10.07 1n.0n

TOTAL IMPULSE (KLB-SEC) .0 1502.¢ 15707

BURI! TINE (1) .00 1.59 1.%"°

MASS FRACTIOM .000 571

THRUST (KLB) .000 15.733

OFFLOAD REQUIZEMENTS

OFFLOADED PROPELLANT = 13045.03 LBM

PERCENT OFFLOAD = 78.35 PERCENT

CXCESS DELTA-Y = 9341.39 FT/SFC

AURN SUMMARY

BURE! v BURMN-T 1-TOT IHITIAL B/0 PROP TOTAL  M-=DTPLOY

N0 CFT/SEC) (MIND (rLp-S)  (LBRM) CLR'D CLRM) e cn)

1 2865.0n .91 858.1 11130.8 8282.8 2343.1 2848.,1 .0
2 1990.0 A9 163.1 8282.8 67u5.€ 1537.1 h385.2 1719.9
3 561.0 .10 7.3 5745.6 5422.C 323.1 4703.3 1n91.n
4 631.0 .09 84,0 hh22,6 4143,9 278.7 4ol7.n 4143,0

3??3\10& PAGE I8
R QUALITY
FIGURE 155
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SHUTTLE MISSION SEQUENCE FOR PAYLOAD IMPACT AT KWAJALEIN

{(HR:MIN:SEC) BB

FIGURE 156
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16.3 Example Cases 4 and 5 Results - These cases require deorbiting one or
two 1000-1b payloads at Poker Flat with a relative velocity of 25 kfps and a flight

path angle of -5 deg. These reentry conditions are readily achievable from Shuttle
orbit. In addition, because there are no known azimuth constraints at Poker Flat,
many deorbit opportunities exist.

Figure 157 shows the sensitivity of deorbit burm location to pierce point rela-
tive azimuth. Note that the deorbit locatioms are south of Australia and the 40 to
60 deg relative azimuth tracks pass over KMR and Guam.

Figure 158 provides the working data which define the pierce point azimuth for
a single plane change maneuver and launches from either KSC or VAFB, The inter-
cepts of the straight lines with the deorbit burn azimuth curve define pierce
point relative azimuths achievable with a single plane change. There are two
possibilities for orbit 5 and 6 from a KSC launch and three possibilities for
orbits 12, 13 and 14 from a VAFB launch.

Figures 159 and 160 provide the ground trxacks for the KSC and VAFB launches,
respectively, In Section 12, an orbit 5 from KSC and 12 from VAFB are favored
because of ground coverage from Australia and KMR. Note that the plane change
maneuvers for all cases occur in the South Atlantic.

Deorbit trajectories are provided in Figure 161 for the first opportunity irom
the KSC and VAFB launch. Reentry time for the VAFB launch is shorter because of
the slightly different inertial velocities required.

Figures 162 through 166 provide the detailed trajectory information for each of
the opportunities. Note the much higher AV required for the KSC launches compared
to the VAFB launches. This is because a significant orbital inclination change is
required for the KSC launches. For all cases the pierce point is significantly
displaced from the impact point because of the shallow entry angles.

Figures 167 through 176 provide the design summaries for these missions.

Again Transtage is oversized for all the cases, The VAFB launches for

case 4 have a minimum of 877 propellant offloaded. In this case a strong need
for the Minibus concept is indicated. Generally, Shuttle provides excellent
mission flexibility for providing payload impact at Poker Flat, Many deorbit
opportunities are available, AV requirements are minimal, and ground coverage is
available.

16.4 Example Case 6 Results - This case requires deorbiting six payloads and

the booster near Meck Island at KMR with a very close spacing of payloads in both
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CASES 4 & 5 SENSITIVITY OF DEORBIT GROUND TRACK TO
PIERCE POINT AZIMUTH AT POKER FLAT
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CASES 4 & 5 MISSION GROUND TRACK & MANEUVER LOCATIONS
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CASES 4 & 5 DEORBIT TRAJECTORIES - FIRST OPPORTUNITY
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‘/'/ VOL IV DOD ENTRY FLIGHT EXPERIMENTS REPORT MDC E1415

Z 29 FEBRUARY 1976

CASES 4 & 5 DEORBIT SUMMARY - FIRST OPPORTUNITY

KSC LAUNCH
GROUND RELATIVE
RANGE TO RELATIVE (TIME TO {RELATIVE |FLIGHT IMPULSIVE
IMPACT | LATITUDE LONGITUDE |ALTITUDE |AZIMUTH [IMPACT* [VELOCITY (PATH ANGLE |  aV
PHASE (tm1) (bEe) | (bEG) | (KFT) | (DEG) [ (MIN) [(KFT/SEC)| (DEG) | (FT/SEC)
PLANE 8151.46 | -28.50 | 356.32 | 972.2 | 150.88 | 58.29 | 24.84 0.0 6712
CHANGE ;
MANEUVER i :
DEORBIT 1]/ 7910.40 | -50.13 | 132.78 | 972.2 | 31.28 | 35.69 ' 24.18 a.21 1910
MAEUVER ‘
2| 7230.83 | -40.19 | 140.26 |1265.0 | 24.79 | 32.69 | 23.72 5.28 747
3| 7017.72 | -36.89 | 14214 [1390.8 | 23.25 | 31.69 ' 23.43 6.84 1 775
ENTRY 1| 553.72 | 61.69 | 195.47 | 300.0 | 46.80 | 2.25 @ 25.00 | -5.00 | --
o| 425.86 | 63.16 | 198.80 | 309.0 | 50.23 | 0.75 | 24.87 | -6.62 --
3| 338.09 | 64.13| 201.27 | 300.0 | 52.86 | -0.75 | 24.77 | -8.3 | -
=
IMPACT (M0 1| 0.0 67.00| 213.00 0.0 | 63.70 | 0.00| 25.37 | -5.09 | --
ATMOSPHERE )
9l v £7.00] 213.00 0.0 | 63.58 | -0.96 | 25.26 | -6.76 -
i 0.0 67.00| °13.00 0.0 | 63.88 | -212| 25.13 | -8.49 -
TOTAL oV = 9369 FPS CASE 4
*IMPACT OF FIRST PAYLOAD 10144 FPS CASE 5

ORIGINAL PAGE I;
OF POOR QUALITy

FIGURE 162

224

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY - EAST



VOL IV DOD ENTRY FLIGHT EXPERIMENTS REPORT MDC E1415

29 FEBRUARY 1976
CASES 4 & 5 DEORBIT SUMMARY - SECOND OPPORTUNITY
KSC LAUNCH
GROUND T [RELATIVE
RANGE TO RELATIVE [TIME TO [RELATIVE |FLIGHT IMPULSIVE
IMPACT | LATITUDE |LONGITUDE |ALTITUDE |AZIMUTH |IMPACT* [VELOCITY |PATH ANGLE av
PHASE (t1) (DEG) | (DEG) | (KFT) | (DEG) [ (MIN) I(KFT/SEC)| (DEG) (FT/SEC)
PLANE
CHANGE 8250.48 | -36.13 | 340.4u | 972.2 | 152.58 | 60.11 |} 24.74 0.00 5482
| MANEUVER
DEORBIT 1| 8267.14 | -46.65 | 108.24 | 972.2 32.53 | 37.51 | 26.19 4.33 1930
MANEUVER
2] 7591.90 | -36.85 | 115.65 }1276.6 26.47 | 34,51 | 23.72 5.30 675
3} 7375.19 | -33.60 | n17.57 |1a03.6 25.01 | 33.51 | 23.49 6.7 , 19
ENTRY 1| 556.45 64.86 | 190.78 { 300.0 66.20 | 2.26 | 25.00 -5.00 --
2| 438.57 65.62 | 195.10 1 300.0 70.59 { 0.76 | 24.90 -6.47
3] 351.38 66.10 | 198.45 | 300.0 74.08 | -0.74 | 24,84 -8.06 --
IMPACT (N0 V| 0.0 67.00 | 213.00 0.0 87.59 | 0.00 | 25.38 -5.05 -
ATMOSPHERE )
2l o.0 67.00 | 213.00 0.0 87.44 | -0.99 | 25.30 -6.56 --
31 0.0 67.90 | 213.00 0.0 87.82 | -2.16 | 25.20 8.7 | -
TOTAL av = 8087 FPS CASE #4
*IMPACT OF FIRST PAYLOAD
= 88L6 FPS CASE #5
PAGE B
F POO
FIGURE 163
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VOL IV DOD ENTRY FLIGHT EXPERIMENTS

REPORT MDC E1415
29 FEBRUARY 1976
CASES 4 & 5 DEORBIT SUMMARY - FIRST OPPORTUNITY
VAFB LAUNCH
GROUND ! RELATIVE
RANGE T0 | RELATIVE|TIME TO|RELATIVE | FLIGHT IMPULSIVE
IMPACT | LATITUDE |LONGITUDE |ALTITUDE |AZIMUTH | IMPACT*|VLOCITY | PATH ANGLE |  aV
PHASE (hMI) (DEG) | (DEG) | (KFT) | (DEG) | (MIN) |(KFT/SEC)  (DEG) | (FT/SEC)
PLATIE
CHANGE 9068.14 | -39.58 | 15.33 | 972.2 |160.75 | 58.54 | 24.93 | 0.00 1983
MANEUVER |
DEORBIT  1|7386.91 | -a7.64 | 156.28 | 972.2 | 23.18 | 32.94 | 24.18 | 4.0 1860
MAHEUVER ! !
2|6680.49 | -37.11 | 161.68 12456 | 18.41 | 29.94 | 23.69 5.07 796
) i
3] 6463.27 ¢ -33.67 | 163.04 11365.9 | 17,27 | 28.94 | 23.36 6.78 866
¥ 4 !
ENTRY 1| 549.84 | 60.00 | 199.67 |300.0 | 34.00 | 2.24 | 25.00 | -£.00 --
2| a17.01 ! 61.86 | 20214 | 300.0 | 36.61 | 0.74 | 20.84 | -6.70 --
3| 324.91 | 63.14 | 203.99 300.0 ; 38.67 | -0.76 | 24.64 | -8.59 --
IMPACT (N0 1] 0.0 | 67.00 | 213.00 | 0.0 | 47.01 | 0.00 | 25.37 | -5.17 --
ATMOSPHERE )
4d 0.0 | 67.00]213.00 | 0.0 | 46.91|-0.95| 25.20 | -6.92 --
3 0.0 | 67.00]213.00 | 0.0 | 47.11 | -2.09 | 25.03 | -8.84 --
TOTAL oV = 4639 FPS CASE #4
*IMPACT OF FIRST PAYLOAD
= 5505 FPS CASE #5
FIGURE 164
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VOL IV DOD ENTRY FLIGHT EXPERIMENTS REPORT MDC E1415

29 FEBRUARY 1976
CASES 4 & 5 DEORBIT SUMMARY — SECOND OPPORTUNITY
VAFB LAUNCH
CROUND RELATIVE
T WNGE TO RELATIVE |TIME TO |RELATIVE |[FLIGHT IMPULSIVE
IMPACT  |LATITUDE |LONGITUDE |ALTITUDE [AZIMUTH |IMPACT* 'VELOCITY |PATH ANGLE av
PHASE (NMI) (DEG) (DEG) (KFT) (0EG) (MIN) {(KFT/SEC) (DEG) {FT/SEC)
PLANE | %
CHANGE 8105.88 | -30.50 | 348.01 | 972.z | 156.51 | 59.53 | 24.77 0.0 1303
MANEUVER | 4
i
DEORBIT 118154.74 | -49.40 | 119.31 | 972.2 33.56 | 36.93 |z 18 3.29 1930
MANEUVER ;
2| 7479.50 -39.67 | 127.23 [1273.5 26.82 | 33.93 23.72 5.¢7 695
3] 7262.30 -36.42 | 129.24 {1399.9 25,22 | 32.93 | 23.49 6.73 736
ENTRY 1| 565.78 63.13 | 192.50 300.0 56.00 2.26 i25.00 -5.00 --
2| 434.G3 64.26 | 196.74 300.0 59.85 0.76 |24.90 -6.52 --
|
3] 347.22 65,00 , 199.64 300.0 62.90 | -0.74 |24.30 ! -8.14 --
IMPACT (N0 1 0.0 67.00 | 213.00 0.0 75.28 0.0 25.38 \ -5.06 -
ATMOSPHERE ) i
2 0.0 67.00 | 213.00 0.0 75.15 ; -0.98 | 25.26 | =6.62 --
3 0.0 67.00 | 213.00 0.0 75.47 | -2.,15 |25.20 l -3.27 --

TOTAL £V = 3928 FPS CASE #4
*IMPACY OF FIRST PAYLOAD

= 4664 FPS CASE #5

FIGURE 16%
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iy VOL IV  DOD ENTRY FLIGHT EXPERIMENTS REPORT MDC E1415

Z 29 FESRUARY 1976

CASES 4 & 5 DEORBIT SUMMARY - THIRD OPPORTUNITY

VAFB LAUNCH
om0 | T { necatve "
RNAGE TO | l ! RELATIVE |TIME TO RELATIVE | FLIGHT IMPULSIVE
IWACT  |LATITUDE ILORGITUDE /ALTITUDE AZIMUTH |IMPACT* NCLOCITY PATH ANGLE =V
PHASE (m1) | (DE6) - (DEG}  (KFT) ' (DEG) | (MIN) |(KFT/SEC) (DES)  (FT/SEC)
- — , ,
PLAE : ; *- | o
CHANGE 8186.65 | -39.58 329.68 ' 972.2 1156.20 ' 59.95 24.83 | 0.0 1878
MANEUVER ‘ . !
DEORSIT 1| 8232.79 ' -82.80 100.58  972.2  29.16 | 37.35 2019 , 4.32 1930
MAHEUVER : ‘ . , ! | '
2| 7558.26 | -32.35 ' 106.89 1274.7 ' 28.27 | 34.35 = 23.75 5.13 619
3} 731,36 -29.08 10858 1397.5 | 23.09  33.35 ' 23.49  6.59 720
ENTRY 1| 5%6.18 © 66.57 189.41 300.0 ! 76.00 : 2.26 25.00 . -5.00 -
! . .
2| #47.90 | 66.96 193.87 ' 300.0 | 80.53 . 0.76 . 24.90 = -6.33 --
3L 357.56  67.17 |197.69  300.0  84.49 . -0.74  24.84 L aw --
e
IWACT (W0 | 0.0 | 67.00 213.00 0.0 98.78 0.0  25.38  -5.05 --
ATMOSPHERE ) ‘ :
2l 0.0 : 67.00 23.00 0.0 96.64 -1.03 2530 -6.42 --
3] 0.0 , 67.00 | 213.00 | 0.0 | 98.95 |-2.17 | 25.20 | -8.03 , -
TOTAL .V = 4427 FPS CASE #4

*IMPACT OF FIRST PAYLOAD

5147 £PS CASE #5

ORIGINAL PAGE I8
= POOR QUALITY]

FIGURE 166
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e VOL IV DOD ENTRY FLIGHT EXPERMENTS REPORT MDC EIQS
- Z' 29 FEBRUARY 1976

TRANSTAGE PAYLOAD AND PERFORMANCE SUMMARY
CASE 4 FIRST OPPORTUNITY
KSC LAUNCH

PAYLOAD SUMMARY

TOTAL HUMBER = 1

TOTAL MASS = 1000.0 LARN
HUMBER 1

H-LBM 1000,0

DESIGH SUMMARY BOOSTER BRUS SPIN SYS & TNTAL TOTAL
ATTAC:MENT ¥/0 PAY I PAY
LAUMCH :1ASS (LBM) .0 11733.5 270.9 12003.5 139193.5
PROPELLANT MASS (LBN) .0 79%2.5 .0 7082, 7082.5
BURNOYT HMASS (LBM) .0 3751.0 27n.0 hn21.0 5021.0
LENGTH CFT) .20 14,83 2.83 17.67 25.67
DIAMETER (FT) .00 10.00 17.00
TOTAL IMPULSE (KLB=-SEC) .0 2h05.1 2405,1
BURN TIME (MIID .00 2.55% 2.55
MASS FRACTION . 000 .680
THRUST (¥KLB) .N00 15.733

O¢FLOAD REQUIRENMENMNTS

OFFLOADED PROPELLANT = 15049,48 Lpn
PERCENT OFFLOAD = 65.34 PERCENT
EXCESS VELTA-V = T453.50 FT/SEC
BURN SUMMARY

BURN DV BUPN-T [I=-TOT INITIAL B/0 PROP TOTAL  MN-DCPLOY
NO (FT/SEC) (MIN) (KLB=S) (LBM) cuem) L) LBy sn)

1 6712.0 2.°7 1957.5 13003.5 6.7 6196, F19€.8 -.N

5 50
2 191010 I37 35018 T506.7 £343.1  1163.6 7GR0k 120009
3 747.0 10 97.0 343,11 4021.0 3n2.1 7092.5 in21.n

oact B
of FIGURE 167
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4 VOL IV DOD ENTRY FLIGHT EXPERIMENTS REPORT MOC E141S
iz 2 FEBRUARY 1976

TRANSTAGE PAYLOAD AND PERFORMANCE SUMMARY
CASE 4 SECOND OPPORTUNITY
KSC LAUNCH

PAYLOAD SUMIARY

TOTAL NumMprpr = 1

TOTAL MASS = 1000.0 LM
NUMBER 1

M~LEM 1000.0

DESIGH SWMIARY BOOSTER BUS SPIN SYS &€ TOTAL TOTAL
ATTACHMENT /0 PAY 7 PAY

LAUNCH !1ASS (LB .0 10133.6 279.0 10403.6 11403, €
PROPELLANT MASS (LB .0 ¢387.6 .0 6387.6 €387.r
BURNCUT MASS (LBM) .0 3751.0 270.0 kg21.0 £nN21.9
LENGTH (FT) 0N 14.83 2.83 17.67 25.67
DIAMETER (FT) .00 10.39 10.00
TOTAL IMPULSE (KLB=-SEC) .0 1924.6 1924 .6
BURN TIME (MIM) .00 2.04 2.0h
MASS FRACTION . 000 .630
THRUST (KLB) .N00 15.733
OFFLOAD REQUIREMENTS
OFFLOADED PROPELLANT = 16644 50 LBM
PERCEMT OFFLOAD = 72.27 PEPCENT
CXCESS DELTA-V = 3721.93 FT/SEC
RUPH SUIMMAPY
nuny (1) BURN-T I-TOT INITIAL r/0 PROP TOTAL N=-DFPLOY
NO (FT/SEC) Mty (x1.B-s) CLam (LaM) sm) aemd anmn

1 5082.0 1.57 1484,7 11408.6 6Uen. 9 ka27.7 bn27.7 -0

2 1930.0 .37 352.5 648n.9 5311.0 1170.9 €107.6 1110.0
3 675.0 .09 87.4 4311.0 ho21.n 291.9 6367.6 hn21.0

FIGURE 168
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PAYLOAD

VOL IV  DOD ENTRY FLIGHT EXPERIMENTS

TRANSTAGE PAYLOAD AND PERFORMANCE SUMMARY
CASE 4 FIRST OPPORTUNITY
VAFB LAUNCH

SUNMMARY

TOTAL uuynere = 1

TOTAL MASS = 10C0.0 LRM

HUMBER 1l

M-LRM 1000.0

DES TG SUIIARY BOOSTER BUS SPIt SYS &

ATTACHMEN'T

LAUNCH tASS (LRI .0 5705%.3 270.0
PROPELLANT NASS (LBIY) .0 2954 .3 .0
BUNNCUT MASS (LI1) .0 3751.0 271.0
LENGTH (FT) .20 14.83 2.83
DIAMETER (IT) 0N 10.00 11.00
TOTAL IMPULSE (KLB=-SEC) .0 390.1

gurtt TIME (MI!D .00 . Oh

MASS FRACTION .COn N s}

TUST CKLR) .000 15.733
OFFLOAD RECUIREMENTS
OFFLOADED PROPELLANT = 29977.72 LPnM

PERCENT OFFLOAD = 87.17 PERCENT

EXCESS DELTA-V = 12192.65 FT/SEC

BURN SUMNARY

pun Y BURII-T 1-TOT INITIAL "/0 PROP
80 CFT/SEC) (MIN) Cvee=3)  (CLpY) ceery) (LeY)

1 1983.°0 LT hhy s 7975.3 Hlhog 9 1h75.4

2 18¢€0,.0 .3€ 341.9 6h99,0 5365.1 1131.8

3 796.0 .11 103.7 4365, 4021.0 I, 1
ORRHN
AL pa
OF Pog GE 15
R QU

px1)

REPORT MOC E1415
29 FEBRUARY 1976
TOTAL TOTAL
/0 PAY W PAY
€975.3 7275.3
2954.3 2954,3
h021.9 5921.9
17.€7 25.67
390.1
.9
TOTAL  "1=-DEPLOY
CLEM) cLer)
1475.4 .0
2610.2  1191.0
2064.3  hn2l.0
FIGURE 169
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1l VOL IV  DOD ENTRY FLIGHT EXPERIMENTS REPORT MOC E1415
- Z 29 FEBRUARY 1976
TRANSTAGE PAYLOAD AND PERFORMANCE SUMMARY
CASE 4 SECOND OPPORTUNITY
VAFB LAUNCH
PAYLOAD SUIYIARY
TOTAL HUNRER = 1
TOTAL MASS = 1000,.0 LBM
NUMPER 1
M-1 0% 10000
DESIGI! SUILIARY ROCGSTER PUS SPi* SYS &  TOTAL TOTAL
ATTACHIIENT /0 PAY ! DAY
LAUIIC!i TIASS (LW1) 0 8147 270.0 FA2S.T  T4825.7
PROPELLANT 1ASS (LY .0 207 .Nn 2004 .7 2hnh T
CURIICUT 1IASS (LB o’ 3751.0 270.0 hapy . n 6n21.0
LENGT 4 CFT) .30 14.53 2.2 17.87 25,07
DIANETER (FT) _0n 11,01 1n.91
TOTAL INPULSE (FLR=SEC) .0 7245 720,
Eusiy TIne (1 .0 77 <17
PASS FRACGTION . 199 .301
TrUST CELDR) . NN 14%.733
ACFLOAD PEQUIREMENTS
NEFLCADED UPROPTLLART = 277 27.2¢ Lo
PERCENT OFFLOAD = 50,56 PERCENT
EXCESS DELTA-V = 12834,7Y FT/SEC
SUR'I SUMMARY
PR nv Bynh=T 1=-TOT INITIAL R/G poap TOTAL v-DEPLOY
MG (FT/SEC) LD (KLR=5) (L) arn CLrsD ey QRED
1 1373.9 .2 23104 TA25.7 AT 3 13,0 n33, AN
2 1a3.n 07 353.1 SO ESh 53193.0 1171.9 MBS L 1N, A
3 595,70 1) 6N, 0 B310,.0 RES IS ! 21,9 Junl 7 it01,9
ORIGINAT:
OF Pocp TACE 15
QUALITY
FIGURE 170
232

MCODONNELL DOUGLAS ASTRONAUTICS COMPANY » EAST



1/ VOL IV DOD ENTRY FLIGHT EXPERIMENTS

REPORT BOC E1015

TRANSTAGE PAYLOAD AND PERFORMANCE SUMMARY
CASE 4 THIRD OPPORTUNITY
VAFB LAUNCH

FAYLOAD SUMHMARY

1
1000.0 Len

TOTAL HUMLCER
TOTAL NASS

-

HUNRER 1
M- 1900.0
DESIG!H SUMMARY BONSTER 8US
LAUNC!H MASS (LEN) .0 6559, 6
PROPCLLANT MASS (LBM) .0 2898.6
PURMNOUT MASS (LBM) 0 3751.9
LERGTH (FT) .00 14.83
DIAMETER (FT) .00 10.90
TOTAL IMPULSE CKELB=SEC) .0 846,.2
rupt: TINE (M1 .0N .90
I1MASS FRACTION .00 Lun8
THRUST (KLB) Lann 15.733
OFFLOAD “CQUIREMENTS
OFFLUADED PROPELLANT = 20223.44 LM
PERCENT OFFLOAD = 87.81 PERCENT
EXCESS DELTA-~V = 12371.42 FT/SEC
BUPL! SUMNARY
sUR DV fUPH-T 1-TOT INITIAL BR/0

0 CFT/SEC) (MID) (KLB=SY (LR cunt)

1 1873.¢C L h1s5.5 7829.6 6450, 6

2 1930.0 .37 350.9 G450.6 5286.1

3 €19.0 .05 79.9 4286.1 4n21,0

B
AGE
a®
Ggﬁﬁgbg,dﬂhlxri
of.
233

SPIN SYS § TOTAL
ATTACIINENT  W/0 PAY

270.9 6229.€
.0 23720.6
270.0 yn21.0
10.19
PRoOpP TOTAL
e e
1378.n 1378.0
11€h,5 5434
265.1 2060, 6
FIGURE

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY = EAST

TOTAL
! PAY

7829.€C
2803.95
5N21.9

25.67

She,2
.

M=-DFEPLOY
e

N

1113.90
4901,0

n



V4 VOL IV DOD ENTRY FLIGHT EXPERIMENTS

REPORT NDC E1415
29 FEBRUARY 1976

TRANSTAGE PAYLOAD AND PERFORMANCE SUMMARY
CASE 5 FIRST OPPORTUNITY

KSC LAUNCH

PAYLOAD SUMMARY

TCTAL HUMBER = 2

TOTAL MASS =  2000.9 LR

HUNRER 1 2

M-LBM 1000.0 1000.0

STSIGH SUIMARY BOOSTER BYS
LAUC! nass (Lot ) 14463 .9
PROPELLALT NMASS (LBtY) .0 10717.9
PIPNOUT ASS (LRI ) 3751.0
LENGTH (FT) <0 14.83
DINIETER (FT) .90 10.00
TOTAL INPULSE (KLR=-SEC) .0 3229.3
nuyRe TING (LD N0 J.42
11ASS FRACTI00 .000 LTh1
T:4UST (KLR) . 000 15.733

OFFLOAD NRCQUIRCMENTS

NFFLOADLD
PERCENT OFFLOAD =
EXCESS DELTA-Y =

PRPOPELLANT = 12314,.1% LBH
53.#7 PCRCENT
$315.19 FT/S5¢€C

RUDN SUNMALRY

RYR pv BURI-T 1=-TOT INITIAL 8/C

10 (FT/SEC) (MIND (KLp=s) (LR ery)

1 60712.0 2.69 2538.2 16361.7 8437.3

& 10145,0 L0 4slb .6 8437.3 6228.4

3 Th7 .0 LA 1305 51283, 4 SU85.7

! 775 .0 .11 103.0 h4y88 .7 4ins .0
ORRHNALLRAGEIS
OF POOR QUALITY

234

SPItl SYS £ TOTAL TOTAL
ATTACIMERT 1/C PAY 1t PAY
392,19 1IM0FY .Y 173¢1.,7
.0 11717.9 1N7Y7.0
392.9 nnu3.9 £143.0
2.33 17.C7 5.7
11,00
32203
3.2
prop TOTAL M-DTPLGY
cLB’) ann cLaiy)
guaoh, n Pu2h 4 -7
15173.n 0Nn33.3 innn, "
39,7 11373.0 17,0
3,0 1n717.0 "My3.1
FIGURE 172
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| Y VOL IV DOD ENTRY FLIGHT EXPERIMENTS

REPORT MDC E1015
- gr 2 FEBRUARY 1976
TRANSTAGE PAYLOAD AND PERFORMANCE SUMMARY
CASE 5 SECOND OPPORTUNITY
KSC LAUNCH

PAYLOAD SUMMARY
TOTAL NUMBER = 2
TOTAL MASS = 2000.0 LRM
NUMBER 1l 2
M-LBM  1000.0 1000.0
DESIGN SUMMARY ROOSTER BRUS SPIM SYS § TOTAL TOTAL

ATTACIHMENT V/0 PAY W PAY
LAUNCH MASS (LBM) .0 12336.5 392.0 12729.3 14729.3
PROPELLANT MASS (CLBM) .0 3585.5 .0 3585.5 8585.5
BURMOUT MASS (LBM) .0 3751.0 392.9 41h3.9 6143.9
LENGTH CFT) .00 11,83 2.83 17.6A7 25.67
DIAMETER (FT) .00 10.00 1n.00
TOTAL IMPULSE (KLB-SEC) .0 2586.8 2586.8
BURM TIME CMIN) .00 2.74 2.74
MASS FRACTION . 000 .696
THPUST (KLB) . 000 15.733

OFFLOAD REQUIREMENTS

OFFLOADED PROPELLANT = 14446.54 LRM
PERCEMNT OFFLOAD = 62.72 PERCENT
EXCESS DLELTA-V = 6625.88 FT/SEC

BURIH SUMMARY

RBURII DV BURN-T [-TOT IMITIAL B/0 PROP
it0 (FT/SEC) (MIN) (KLB-S) (LBM) (LeM) (LRI
1 5432,0 2.03 1916.9 14729.,3 8367.4  (362.90
2 1930.0 .48 455.1 8367.4 6856.8 1510.5
3 675.7 .13 118.7 5856.8 5462.9 323.9
o 719.0 .10 96.1  4u62.9  L41h3.9 310.0

235

TOTAL  M=DEPLOY
cen) cLan)

£362.n -.0
7872.5 10n0.0
8266 .4 1000,9
8585.5  h143.9

FIGURE 173

MCDONNELL DOUGILAS ASTRONAUTICS COMPARNY « EAST



| l/ . VOL IV DOD ENTRY FLIGHT EXPERIMENTS REPORT MDC 1415
E{ 29 FEBRUARY 1976
TRANSTAGE PAYLOAD AND PERFORMANCE SUMMARY
CASE 5 FIRST OPPORTUNITY
VAFB LAUNCH

PAYLOAD SUMMARY
TOTAL NUMBER = 2
TOTAL MASS = 2000.0 LBM
MUMBER 1 2
M-LBM  1000.0 1000.0
DESIGH SUMMARY BOOSTER RUS SPIM SYS & TOTAL TOTAL

ATTACHMENT /0 PAY ! PAY
LAUNCH MASS (LBM) .0 8019.3 392.9 8h12.1 10412,
PROPELLANT MASS (LBI) .0 4268.3 .0 h268.3 4263.3
BURNOUT MASS (LBM) .0 3751.0 392.9 h143.0 £143.9
LEMGTH (FT) .00 14.83 2.83 17.67 25.67
DIAMETER (FT) .00 10.00 10.00
TOTAL IMPULSE (KLB-SEC) .0 1286.0 1286.0
BURN TIME (MIMN) .00 1.36 1.3¢6
MASS FRACTION .000 .532
THRUST (KLB) . 000 15.733

OFFLOAD REQUIREMENTS

OFFLOADED PROPELLANT = 13763.73 LBM
PERCENT OFFLOAD = B1l.47 PERCENT
EXCESS DELTA-V = 9933.43 £T/SEC

BURM SUMMARY

BURI! DV BURN-T [I-TOT INITIAL B/0O PPOP TOTAL  M-=DEPLOY
0 (FT/SEC) (MIND) (KLB=-S) (LBM) cLsM) (LRM) (LR LRIt

1 1933.0 .61 580.4 10412.1 Bu4B86.0 1926.2 192(.2 .0
2 1860.0 LU47  Wh€E b 8486.0 70044 1431.5 3UnT.7 1070.9
3 796.0 .15 142.6 6004, 4 5531.1 473.3 3831.0 10970.0
4 866.0 12 116.7 4531.1  4143.9 387.2 uW2i3.3 5143.9

ORIGINAL p
OF POOR Qum

FIGURE 174
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TRANSTAGE PAYLOAD AND PERFORMANCE SUMMARY

CASE 5 SECOND OPPORTUNITY
VAFB LAUNCH
PAYLOAD SUMMARY
TOTAL NUMBER = 2
TOTAL !1ASS = 2000.0 LBM
HUMBER 1 2
M-LBM 1000,0 1000.0
DESI1GH SUMMARY BOOSTER BUS SPIMN SYS &
ATTACHMENT
LAUNCH MASS C(LBM) .0 7206.9 302.9
PROPELLANT MASS (LBM) .0 3455.9 N
BURNOUT MASS (LBM) 0 3751.0 392.9
LENGTH (FT) .00 14,83 2.83
DIAMETER (FT) .00 10.00 "10.00
TOTAL IMPULSE (KLB=-SEC) .0 1941 43
BURN TIME (MIN) .00 1.10
1MASS FRACTION .000 480
THPUST (KLB) . 000 15,733
OFFLOAD REQUIREMENTS
OFFLOADED PROPELLANT = 19576.11 LRM
PERCENT OFFLOAD = 35.00 PERCEMT
EXCESS DELTA-V = 10775.92 FT/SEC
BURMN SUMMARY
BURN DV BURM=T I=TOT INITIAL B/0 PROP
NO (FT/SEC) (MIN) CKLB=S) (LBM) CLBM) cLeM)
1 1303.0 . 63.8 599, 8392.4 12074
2 1930.0 .Bg 358.5 3392.Z 63?7.3 1515.0
3 695.0 .13 122.5 5877.3 5470.7 406.6
i 736.0 .10 96,5 bh70,7 4143.9 326.9
i)
poals PR
of ¥ 237

REPORT MDC E1415
29 FEBRUARY 1976
TOTAL TOTAL
vi/0 PAY ' PAY
7599.7 9509.,7
3455,0 3455.6
4143,9 €£143,0
17.67 25.67
191.3
1' 10
TOTAL M-DEPLOY
emd (LBM)
1207." -.0
2722.4 1100.0
3129.0 1000,0
3455.n 4h1h3,9
FIGURE 175
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TRANSTAGE PAYLOAD AND PERFORMANCE SUMMARY
CASE 5 THIRD OPPORTUNITY

VAFB

PAYLOAD SUMMARY

TOTAL NUMRER = 2

TOTAL MASS = 2000.0 LBM
NUMBER 1 2
M-L8M 1000.0 1000.0

DESIGN SUMMARY BOOSTER
LAUNCH tMASS (LBNM) .0
PROPELLANT MASS (LBM) .0
BURNOUT MASS (LBM) .0
LENGTH (FT) .00
DIAMETER (FT) .00
YOTAL IMPULSE (KLB=~SEC) .0
BURN TIME (MIN) .00
MASS FRACTION .000
THRUST (KLB) .0no

OFFLOAD REQUIREMENTS

LAUNCH

BUS

7713.9
3962.9
3751.0
14.83
10.00
119“00
1.26
.51
15.733

OFFLOADED PROPELLANT = 19069.10 LBM

PERCENT OFFLOAD = 82.79 PERCENT
EXCESS DELTA-V = 10276.99 FT/SEC

BURI SUMMARY

BURN DV BURN-T [-TOT INITIAL
10 (FT/SEC) (MIN) (KLB=S) (LBM)

1 1878.0 .57 536.3 10106.8
2 1930.0 .48 452.9 8326.8
3 619.0 ,11 108.5 5823.6
4L 720.0 .10 96,3 Lu63.4

B8/0
cust)

8326.8
6823.6
5463, 4
4143.9

238

SPIM SYS &
ATTACHMENT

392.9
.0
392.9
2.83
10.00

PROP
(LBRM)

1780.0
1503.2
360.2
319.5

REPORT MDC £1415
29 FEBRUARY 1976
TOTAL TOTAL
W/0 PAY M PAY
3106.8 17116.9
3962.9 3062.7
h1h3,.9 £1143.0
17.67 25.07
1194.0
1.24
TOTAL M=-DEPLOY
(LRM) s
1780.0 .0
3283.2 17950,0
3603, 4 12930.9
30€2,9 hih3,n
FIGURE 176
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time and range. Details of the spacing requirements are contained in Reference 21).
The purpose of this mission is to provide targets for the Site Defense Radar located
on Meck Island. The nominal reentry conditions are 22.5 kft/sec and a -28 deg flight
path angle. Because the SDR is a phased array radar facing northeast, only approaches
from the north are possible. This dictates a due south launch from VAFB.

Figure 177 shows the sensitivity of deorbit burn location to pierce point rela-
tive azimuth. Note that some of the deorbit locations are over Russia. Figure 178
provides the working data which defines the pierce point azimuth for a combined
plane change-deorbit maneuver. In the top plot, the intercepts of the orbit 3 and
4 ground tracks with the loci of deorbit burns are positions at which a combined
burn is feasible. The difference in required and actual azimuth at these points is
indicated in the bottom plot, Note that orbit 3 has almost the required azimuth.
Therefore, a combined burn on orbit 3 is possible.

Figure 179 provides the resultant ground track for this maneuver and Figure 180
the deorbit trajectory of the first payload. Another opportunity requiring a separ-
ate plane change maneuver over Russia on orbit 4 is possible but was not con-
sidered in detail, An orbit 3 deorbit summary is provided in Figure 18l. Note that
the AV requirements are dominated by the deorbit burn, Spacing burns are only for
slight crossrange and altitude spacing at pierce, The payload summary of Figure 182
indicates again the Transtage is oversized for this mission and a smaller booster
would be more ideal. Because of tue combined burn, a solid rocket could be used
to provide the high AV burn and small vernier rorlets could provide the spacing.

16.5 Summary of Example Case Results - Figure 183 summarizes the Shuttle orbit

conditions and PDS requirements for all cases., In cases 1 and 6 a combined plane
change and deorbit burn was identified indicating the application for a SRB, For
case 2 and 3 only one deorbit opportunity was established; a second opportunity
would require approximately 10,000 fps plane change. Cases 4 and 5 are achievable
from either VAFB or KSC with multiple opportunities on consecutive orbits, Total
AV requirements are small for most missions. The most severe AV requirement exists
for the first opportunity of the first case. Only 20%Z of the propellant needs off-
loaded., However, by taking advantage of the combined burn over 42% offloading can
be achieved., At the other extreme over 89% offloading is required for a case 4
launch from VAFB and a second opportunity deorbit. In fact for cases 2 through 5 a
Minibus concept could perform these missions with much lower initial PDS mass and
length., The combined burns of cases 1 and 6 could also be achieved with either a
Minibus or SRB concept.
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CASE 6 SENSITIVITY OF DEORBIT GROUND TRACK TO
PIERCE POINT AZIMUTH AT MECK ISLAND

DEORBIT ALTITUDE = 160 NMI
RELATIVE ENTRY VELOCITY = 22,5 KFT/SEC
RELATIVE ENTRY FLIGHT PATH ANGLE = -28 DEG

LONGITUDE - DEG
0

20 340

80

PIERCE POINT AZIMUTH (DEG) 1654
($)

R .V

DEORBIT BURN LOCATIONS',

‘
- ” ‘
[ * -

%

240

220

MEpK ISLAND
160 : 0 200
180

FIGURE 177
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CASE 6 LATITUDE AND LONGI TUDE SINGLE BURN LOCATIONS
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CASE 6 MISSION GROUND TRACK & MANEUVER LOCATIONS
- SINGLE BURN OPPORTUNITY VAFB LAUNCH
160 NMI SHUTTLE ORBIT ALTITUDE, -90 DEG INCLINATION
RELATIVE ENTRY VELOCITY = 22,5 KFT/SEC

RELATIVE ENTRY FLIGHT PATH ANGLE = -28 DEG
RELATIVE PIERCE AZIMUTH = 184.275 DEG

LONGIT(()IDE - DEG

905 TOER |
A \\t':; d -
i

PDS PLANE CHANGE & DEORBIT MANEUVER

" \ 260
Do '-v',‘ v.‘ -
e’
6’ P
'\\@ 240

30—\

140 !

220

-0 200

FIGURE 179
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CASE 6 DEORBIT TRAJECTORY - SINGLE BURN OPPORTUNITY
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CASE 6 DEORBIT SUMMARY - SINGLE BURN OPPORTUNITY
VAFB LAUNCH
GROLKD RELATIVE | |
RACE TO RELATIVE|TIME TO|RELATIVE |FLIGHT | DP®.LsIve
INPACT  {LATITUDE [LONGITUDE ALTITUDE |AZIMUTH |IMPACT® {VELOCITY |PATH ANGLE] v
£ (w1) | (vec) | (ves) | (xFT) | (vee) | (Mim) |(xkFr/sec)] (oec) (FT/SEC)
DEORBI T | 4377.68| 82.68 | 174.a7 | 972.2 | 179.81] 30.05! .52 | 26.e6 N5, !
meuvsa 4 221.20] 63.35 | 17319 {a12006 | -177.a8] 220590 17239 | 14.8s P
1 3s2.1s| 62.20 | 173.07 |4289.1 | -177.36 | 22.09! 17222 ' 13l e
84.32 61,07 [ 172.96 (436703 [-w7ia2i 21059 17006 | 12077 oo
216.43| 59.94 | 172.88 laarsis | -177.28) 215000 163 ' nilzE | o.ln
2089.72| 58.83 | 172.72 |4573.9 | -177.15| 20059 16.8G : 10.72 ¢ 4. .
2883.03| 57.72 | 172.61 14662.7 | -176.761 20.03 | 16.76 - 9.5; ¢ 1&.. |
o Lo B N Y
ERTRY 1 s2.36] 10.77 | 167.88 | 300.0 "75-74 0.87; 22.50 © -26.00 |
52.3] 107/ | lesws | s |-1a.7s) gise! el | -asiu l -
s52.62) 10.77 | 167.89 | 300.0 |-175.761 0.46| 22.57 | -28.00 ! -
54.07{ 10.77 | 16805 | 30000 |-175.86' G.47| 22.51 © -27.99 -
54,07 10.77 | 168.05 | 300.0 |-175.87; 0.46] 22.51 | -28.31 | -
54.07| 10.77 | 168.05 : 300.0 |-175.87| o©.46] 22.51 | -28.02 ! -
s2.50| 10,77 | 167.87 | 3000 | -175.74| 07| 281 2799 | -
MPACT(0 1| 0 9.25 | 167.73 | 0.0 [-175.83] 0.00| 22.92 \ -26.46 ! -
TMOSPHERE ) 0 9.25 | 167.73 0.0 | -175.83| -0.01| 22790 = -28.47 ! -
1.65] 9.25 | 167.78 @ 0.0 |-175.86| 0.00| 2:.33 1 -7-.%0 -
13017 9.25 | 167.94 0.0 | -175.96 | -0.02] :ei90 | -cc .t '
1317 9.25 167.94 0.0 | -175.97 0.00} 2z.390 IO P -
6 13171 9.25 | 167.95 0.0 | -17o098 | =0l 225G | -2eisw | -
7| 3l29f 9.25 | 167.75 00 [-i7sigs) 00| a3 | IR -
*IMPACT OF FIRST PAYLOAD TR - Melo
ORIGIY,
0p po AL PAq

FIGURE 121
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TRANSTAGE PAYLOAD AND PERFORMANCE SUMMARY

CASE 6 SINGLE BURN OPPORTUNITY

VAFB LAUNCH
PAYLOAD SUMMARY
TOTAL RUMBER = 6
TOTAL I1ASS = 820.0 LBeN
NUMBEPR 1 2 3 b 5 6
M-LBM 350.0 30.0 30.0 30.0 350.0 30.0
DESIGH SUMMARY BOOSTER BUS SPIN SYS & TOTAL TOTAL

ATTACHMENT W/0 PAY U PAY

LAUMNCH {1ASS (LBM) .0 15981.9 588.1 16570.0 17390.0
PROPELLANT MASS (LBM) .0 12230.9 .0 12230.9 122317.9
BURNOUT 1tASS (LBI1) .0 3751.0 588.1 5330.1 5159.1
LENGTH (FT) .00 14,83 €.17 21.00 21.17
DIAMETER (FT) .00 10,00 10,00
TOTAL IMPULSE (KLB-SEC) .0 3685.2 36:5.2
BURN TINE (MIN) .00 3.90 3.90
MASS FPACTION .000 .765
THRUST (KLB) . 000 15.733

OFFLOAD REQUIREMENTS

OFFLGADED PROPELLANT = 10301.08 LsM
PERCENT OFFLOAD = 46.90 PERCENT
EXCESS DELTA-V = 14683.29 FT/SEC

BUR! SUMMARY

BURM DV BURN=T 1-TOT INITIAL B/0 PROP TOTAL "=-DEPLOY
MG C(FT/SEC) (MIN) (KLB-S) (LBM) qN: ) aeMm) (LBM) (Lsn)

1 1151%.0 3.86 3642.2 17390.0 5301.8 12088.2 12088.2 350.0

2 7.9 .00 1.1 4951,.8 koy8,2 3.6 120191.7 3C.0

3 21.6 .00 3.3 4918.2 k907. 10.5 12102.7 33.0

L 31,6 .01 12.3 4877.3 4836. ho.,9 12143.6 3n.0

5 32,9 .01 12.3 hBo6. 1 §765.5 4n,0 12184.5 350.7

£ 34,6 .31 11.6 4415.5 4377.1 38.4 12222.9 37.0

7 18.9 .00 2.4 4347.1 4339.1 8.1 12230.9 h339.1

ORIGINAL PAGE IS
OF POOR QUALITY]

FIGURE 182
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SUMMARY OF EXAMPLE CASE RESULTS
TRANSTAGE

SHUTTLE | SHUTTLE ORBIT |TOTAL AV z

OPPORTUNITY |LAUNCH SITE | IMPACT AREA | ORBIT # | INCLINATION(DEG) (FPS) OFFLOAD
FIRST mn# KSC KMR & 57 15772 20
COMBINED B ¢ 4 13338 42
FIRST KSC KMR 4 57 5416 84
FIRST KSC KMR 4 57 6047 78
KSC-1ST KSC PF 5 57 9369 65
~2ND 6 ¢ 8087 72
VAFB-1ST VAFB 12 72 4639 87
-2ND “ 13 l 3928 89
-3RD 14 4427 87
KSC-1ST KSC PF 5 57 10144 53
-2ND 6 ‘ 8806 62
VAFB-1ST VAFB 12 72 5505 81
-2ND 13 l 4664 85
-3RD ¢ 14 5147 82
COMBINED numl VAFB MECK 3 90 11810 46

FIGURE 183
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This ROM cost analysis includes cost estimates of Shuttle borne checkout and
servicing equipment for DoD payloads and for any hardware or software item or ser-
vice peculiar to Shuttle launched entry technology missions as compared to ballisti-
cally launched missions. The various unique items required for DoD payloads can be
categorized as Shuttle, Shuttle/PDS interface, PDS booster, RV, and ground station
requirements. Cost estimates are not presented for Shuttle launches, the PDS booster,
the pallets for securing the PDS to the Shuttle structural interface, the RV spin
separation system (it is virtually identical to a ground launch piece of hardware).

The significant equipment and modifications required for DoD missions are
listed in Figure 184, The modifications to the Shuttle payload interrogator are
recommended to improve the Shuttle to PDS telemetry link after PDS deployment. By
removing the 32 KBPS voice processing equipment, 48 KBPS telemetry data can be
precessed. This modification will reduce the cost of the Payload Interrogator and
is not included as a cost item in this section.

As stated in Section 12 there are three options for pre-deployment PDS check-
out. These are:

(1) Low data rate checkout with existing Shuttle equipment

(2) Transmittal of PDS data to ground via the scientific data channels

(3) Installation of a DoD dedicated checkout console
The first and second options are implemented withoutr significant cost to DoD pay-
loads. However, option 1 significantly reduces the amount of data that can be
processed. Option 2 removes payload control completely from Shuttle crew control.
The checkout console of option 3 requires some component development, hardware pur-
chasing, system integration and checkout, and programming. The equipment includes
a bit synchronizer, data formatter, data comparator, data processor, CRT display,
control console and comm~1d encoder as described in Section 12, Figure 119, The
data comparator, data processor, and control console are new equipment consisting
of microprocessors like the Intel 8080 and appropriate circuitry and hardware for
consule operation. The bit svnchronizer, data formatter, and command encoder are
off-the-shelf items, The CRT disrlay must be space rated and is the most expensive
piece of hardware in the console. The ROM estimate for the development of the
console is $900K. The unit cost without programming is estimated at $150K per
unit based upon Skylab related equipment costs., One unit will suffice for thLe DoD

missions with a spare for ground testing and reprogramming. For each DoD mission,
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SUMMARY OF SHUTTLE UNIQUE COST ITEMS

SHUTTLL PAYLOAD INTERROGATOR
o REMOVE VOICE CAPABILITY AND INCRLASE DATA RATL TO 48 KBPS

SHUTTLE/PDS INTERFACE
0 CHECKOUT CONSOLE

PDS
o 50 WATT, 1 FT DIAMETER STCERABLE, PARABOLIC DISH AHTENNA FOR TDRSS 't

RV

o COOLANT SYSTEM
ACOUSTIC DESIGH LEVLLS OF 135 db

o MORE RELIAGBLE COMPONLNT DESIGN TO MINIMIZE GROUMD LAUNCH DELAYS AlND
PRE-DEPLOYMENT CHECKOUT

GROURD STATIONS

o EQUIP SELECTED SCF STATIONS WITH USB TYPE COMMARD AND VOICE RECEIVERS

FIGURE 184
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reprogramming and verification of the software will be required. This recurring
cost will be as much as $100K per mission depending upon mission complexity.

The major cost item recommended for the PDS is a 50 watt transmitter with a
1 ft diameter steerable, parabolic dish antenna for TDRS data relay. This would be
needed if PDS data is to be relayed to ground stations during PDS burns and maneuvers.
This antenna could also serve for PDS/Shuttle communications during initial PDS
deployment and plane change burn. Development of this system is required for the
steering system, transmitter, and antenna. The ROM development costs of these
units are estimated to be $400K with a unit cost of $50K. The $50K does represent
a recurring cost since each PDS would require this systenm.

There are three recomsendations for RV design changes identified in Figure 184.
The coolant system design changes were costed based upon the radiator with phase
change material concept of Figure 126 in Section 14, A coolant system is required
because the RV radiation cooling in the Shuttle payload bay is not adequate to dis-
sipate the heat generated during pre-deployment checkout. Typical coolant system
ROM development cost for space application is $200K and the unit cost is $25K.

Unit costs will be very sensitive to the location and distribution of electromic
components in the RV, If they can be concentrated in one area, the electronic
component heat exchanger system in the RV will be minimized. This would require
a change in RV design philosophy.

The other two RV requirements for acoustic design levels and reliability also
impact design philosophy. Although they were not costed, these recommendations
will impact RV cost. The need for highly reliable designs can be traded for the
amount of pre-deployment payload checkout, and anticipated Shuttle launch delays
due to component replacement. Shuttle launched DoD payloads may be in orbit for
14 Shuttle orbits or 21 hours as compared to 30 minutes for a ground launch. Thus
component lifetimes must be increased to meet these long duration missions and
minimize aborted PDS deployment,

The final item called out in Figure 184 is a receiver compatibility change at

the Air Force SCF stations to accommodate the NASA Unified S--Band and voice Jata,
These modifications are more a matter of facility policy and will not contribute
significantly to mission costs.

Figure 185 summarizes the three significant cost items fo: Shuttle launched
DoD entry technology experiments, i.e., checkout console, PDS antenna, and RV cool-
ing system. The total development cost is $1.5M and the unit costs $325K, The

checkout console unit is reusable with reprogramming for each DoD mission and its
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rvecurring cost is $100K., These ROM cost estimates can be used with estimates of
Shuttle launch and PDS booster costs to compare the total Shuttle mission costs with

comparable ground launches,

COST SUMMARY FOR DOD PAYLOADS

ITEM DEVELOPMENT UNIT KLCURRING
$K SK SK
o CHECKOUT 900 250 100
CONSOLE
o PDS 400 50 50
TRANSMITTER
o  COOLANT 200 25 25
SYSTEM
TOTAL 1500 325 175
FIGURE 185
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18, CONCLUSIONS
The major conclusion of this study is that Shuttle can provide unique simula-
tion capability for DoD reentry vehicle experiments. The areas of uniqueness are
listed in Figure 186. They emphasize the fact that the Shuttle is a mobile launch
platform, is at earth orbital velocity, has a high weight payload capability, and
can provide payload coverflight at many desirable impact areas.

A second conclusion is that the KREMS radars at KMR can be used to track
and record reentries from Shuttle depluyed experiments, This fact was established
in Section 5 in which a southwest approach corridor to KMR was identified and pro-
vides full KREMS coverage to impact. As a consequence, the same type, amount, and
quality of data can be acquired as is currently acquired from a VAFB to KMR launch
into the northeast corridor at KMR. The southwest corridor is achievable from
either a KSC or VAFB launch.

The analysis of Section 7 identified the Shuttle unique capability to provide
high velocity shallow flight path angle reentries. Because the Shuttle is in a
circular orbit with velocities near 25 kft/sec, it takes little booster energy to
deorbit a payload from the Shuttle orbit at these velocities and shallow flight path
angles, On the other hand, low velocity and/or steep reentry flight path angles
require very large booster energies comparable to ground launch systems,

A preferred payload deorbit procedure was developed in Section 7 to provide
maximum exoatmospheric payload trajectory simulation as well as minimal time between
PDS deployment from Shuttle and payload impact. This strategy involves deploying
the PDS from Shuttle; the PDS then performs a plane change maneuver to target it
for the impact point; a deorbit burn is then made to place the PDS on a ballistic
reentry trajectcrys spacing burns follow to provide the desired payload spacing
at the pierce point.

Because of the potential for a large number of burns and payloads, the PDS
function is best served by a liquid propellant booster, The preferred PDS then
consists of a booster, spin separation and attachment system, and the RV's as
described in Section 11, Use of an existing booster and proven spin separation
system will minimize development cost and risk of the PDS, In special cases
requiring only one large deorbit burn a rocket motor booster could suffice.

For the high velocity shallow flight path angle reentry, Transtage class
boosters are oversized as identified in Section 9, Considerably smaller boosters
made up of Shuttle RCS components more efficiently perform the function of the PDS
booster,
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UNIQUE SHUTTLE RELNTRY SIMULATION CAPABILITY

e SIMULATION OF 1500-7100 NMI TRAJECTORY
o SIMULATION OF HIGH VELOCITY (25 KFT/SEC) TRAJECTORIES
o SIMULATION OF FLAT REENTRIES (LOW ENTRY ANGLES)
e MULTIPLE PAYLOADS
— RV'S
— BUSES
— SITE DEFENSE RADAR TARGETS
o IMPACT AREA SELECTION FLEXIBILITY
— WEATHER EFFECTS
— TERMINAL GUIDANCE OVER LAND

— RANGE SAFETY PROBLEMS REDUCED

FIGURE 186
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Accuracy of the pierce point does suffer as described in Section 10 because
of tracking errors in Shuttle location and velocity., The downrange error in Shuttle
velocity can result in pierce point downrange dispersions as large as 6.4 NMI per
ft/sec velocity error, This dispersion can be tolerated by displacing the impact
point the appropriate distance from populated areas to avoid range safety problems,
Otherwise, more frequent Shuttle tracking updates, for instance immediately prior

to PDS deployment, will reduce this error to a tolerable value,
Launchiag of DoD payloads from Shuttle imposes few constraints on payload

communication systems, If available Shuttle equipment is to be used for payload
checkout, then the maximum data rate from each payload should not exceed 64 KBPS
and preferably be less than 16 KBPS. Where higher payload data rates are necessary,
checkout will require either a separate onboard checkout console or the data must
be transmitted to the ground via one ol Shuttle's wide band data links. In the
latter case, ground personnel will evaluate the payload status and relay the
information to the crew. Transmission of data directly to ground from separated
payloads 1 ires standard (5 watts) transmitters and flush-mounted, omni-direc-
tional antem.'s, Communication via TDRS, however, will require high power (50
watts) transmitters and steerable, directional antennas, Command uplinks are
straightforward except for some inconvenience that may be caused by differences
in USB and SGLS techniques, Shuttle's ability to communicate with a separated
payload is limited to about 20 NMI but it can radar track to 300 NMI, if the payload
is equipped with a transponder.

Complete range safety studies are required before the range safety problems of
Shuttle payload deployment can be assessed, In many situations, PD3 burns are made
with no ground coverage, and payloads are reentered over areas which have not been

considered in previous range safety analyses. These considerations must be included

in detailed range safety analyses.
Specific mission analyses of Section 16 established firmly the capability of

Shuttle to deliver DoD payloads at KMR for either the KREMS radars or Site Defense
Radar and at Poker Flat, In fact, Poker Flat targetting can be achieved from
either a KSC or VAFB with multiple consecutive deorbit opportunities and minimum
size PDS configurations,

The absolute cost of using Shuttle launches compared to ground launches is not
defined in this study. In fact, overland flights into Poker Flat appear as a unique

capability of Shuttle and, therefore, a comparison is unwarranted. Shuttle cos
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over and above traditional ground launches will involve primarily the communications
aspects of the missions, i.c., checkout console, satellite or ship coverage during
PDS burns, and special PDS equipment to interface with Shuttle data links,

This study has demonstrated that Shuttle can perform the Dol missions to the

depth presented. The next section describes recommendations to further define the

Shuttle role in DoD reentry testing.
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19.0 RECOMMENDATIONS

Recommendations for additional studies and Shuttle, PDS, RV and support equip-
ment changes have been identified in this study,

Six areas requiring more detailed study are KMR range safety, KREMS ALTAIR-
TRADEX interaction, Poker Flat range development, Minibus design, TDRSS usage and
onboard che~kout., The KMR range safety study should address the range safety con-
siderations for the southwest corridor at KMR. This would include the analyses to
define range safety requirements for deorbiting payloads. The tracking coverage
requirements should be defined from this study to enable detailed mission planning
to be accomplished.

Investigation of the KREMS west-~southwest corridor is required to define any
problems involved with the TRADEX radiating at ALTAIR. This zone was considered
closed during the study., I1f the TRADEX-ALTAIR interaction was found not to be a
problem, the number of orbit opportunities at KMR would increase and the plane
change requirements would be reduced.

More detailed analysis of the Poker Flat range is required. Range safety,
weather conditions, support equipment, geography all need better definition. A
detailed mission study for delivering PGRV to Poker Flat is recommended to fully
define the utility of the Poker Flat range and what modifications and instrumentatiocn
are necessary to support DoD missions,

Because many of the DoD missions require a small deorbit booster of the Minibus
class, design studies should be initiated to develop a design for use in the 1980's,
This design study could be worked as part of ti.e Poker Flat range development
study. Output of the study would include a design, development schedule and life
cycle costs for the Minibus concept.

The costs, procedures, and limitations of u-ing the TDRSS to provide tracking,
telemetry, and command links needs detailed investigation. By defining the costs
of equipment and services for using this system, compariszons with ship or Shuttle
tracking could be made and a preferred PDS tracking netwcrk established.

Detailed definition of checkout console .iardware and software for pre-~deployment
checkout of the PDS is required, This information wouid serve for comparison with
using existing Shuttle payload displays or sending the PDS data to ground statioms for
checkout, These comparisons will define the merits of a dedicated checkout console.

In addition tn these study recommendations, there are many recommendations

with respect to equipment modifications, improvements, and development. Tor
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instance, implementing the following recommendations will improve Shuttle's capa-
bili.y to launch DoD payloads.

a., PDS to Shuttle RF link

1. Increase data rate from 16 KBPS to 48 KBPS or higher,
2. Improve Payload Interrogator receive capability ty at least 6 db.

b. PDS/Payload Telemetry System

l. Provide a separate PCM output for pre-deployment checkout. This
output te be within Shuttle bit rate limits,

c. PDS Command System

1, Provide a USB compatible command receiver for either STDN or TDRS
commands,
<. Equip selected SCF stations with USB type command encoders.
d. PDS Tracking
1. Provide a Ku-band transponder for Shuttle tracking.
e. RV Tracking
1. Provide a C-band transponder for ground tracking.
f. PDS Checkout
J. Provide a Shuttle checkout console for DoD payloads.

The PDS should be equiprp~d with STDN compatible equipment. When Kwajalein is
the impact point, the STDN station at Orroral, Australia will be the main tracking
and ccmmand link, with C-band skin *racking from KMR and S-band telemetry reception,
The PDS will have sufficient altitude that coverage from the two stations will over-
lap in some cases. Similarly, when Poker Flat is the impact point, the STDN sta-
tion at Fairbanks will be the main tracking and command link with 5-pand skin track-
ing and S-band telemetry reception at Poker Flat. The PDS should have a Ku-band
transpoader so that Shuttle can track the PDS during plane change burn, Most
orbital paths into Poker Flat will pass between Hawaii and Guam, with little cover-
age from either SGLS station. Where either station can track the PDS, telemetry
and tracking are possible, but a command up-link may not be compatible since SGLS
uses a different command code format than STDN.

A reconsideration of the design philosophy "~r RV's is also recommended.
Component reliabi’ity must be improved to miniwmi-~e checkont requirements and delayea
Shuttle launches due to RV equipment failures. In addition, changes in subsystem
cooling designs and ecoustic vibration limits will make the RV's more compatible
with the Shuttle environmeut., These consider:itica, could significantly reduce the

amount of pre-~depluyment checkout required,

256
MCOONNELL DOUGLAS ASTRONAUT .S COMPANY - EAST



g VOL IV DOD ENTRY FLIGHT EXPERIMENTS REPORT MOC E1415
- Z 29 FEBRUARY 1976
Implementation of the above recommendations in the next few years will greatly
reduce interface problems in the 1980's when DoD entry technology testing from
Shuttle may be a reality. Early detailed studies and equipment development will
provi'e an orderly transition to the use of Shuttle for some of the unique applica-
tions identified in this study.
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APPENDIX A
STRATEGY A & B IMPULSIVE AV, FLIGHT TIME AND RANGE COMPUTATION

Given: e = reentry velocity (inertial)
xE = reentry flight path angle
"E = reentry altitude
hs= Shuttle orbit altitude
Find: AV = deorbit velocity change required
Solve: Use reference (18)approach,
1, Compute deorbit trajectory eccentricity, €, and energy, E,

o Define decroit trajectory eccentricity:

(rvl 2 2 2
€ = - E‘__ e
( > l) os Ig + s ¥, .

where e = "’E+ Rg
RE= earth radius

K = gravitational constant
Note@ < O for subcircular ellipse
o Define deorbit trajectory energy:
2
£= Ve K (A2)
2 r,

E
2. Compute velocit}-,\/s , and flignt path angle, Xs s at Shuttle orbit altitude,

o Define deorbit velocitv at Shuttle orbit altitude:

‘Vssz (E+—'—§;) 43)

¢ Define deortit f.’ghct path angle at Shuttle orbit altitude:

T_
< d F 3 (A4)
)

z
AE Vs _

K
rs=hs+ Rg

3. aV at Shuttle orbit is then computed

=1

cos xs =
(

where

o Define Shuttle orbit:l velacity, Va (assume circular orbit)

Vo= y K/ (a5)
o Then } 7 5
A\l:‘ ‘ Vo + VS—- ZVgVSCOSY.S (A6)

where V, is obtained from eq. A5
VS is obtained from eq. A3

COSXS is obtained {rom eq. Ab4
Al

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY « EAST



{ | / VOL IV DOD ENTRY FLIGHT EXPERMENTS REPORT MDC EJNIS
// , 2 FEBRUARY 1976

4. Deorbit time computation
0 Calculate semi-major axis a.
=-,</z£ (A7)
o Calculate position angles é%, € , at reentry and Shuttle deorbit,

respectively,using the following equation:

tan © = ‘er/gsmx Cst (48)
(rVY kos* §-1

<o § Je<o

6< O

for strategy A
e >

for strategy B
95< 9550

o Ihe time from deorbit point to pierce is determined by evaluating the

Note: for

following equation at % and 6 :

t@)=_a_ yz[z’tan"( tan' )‘ e \j:—ez Sme] (A9)

VK | + e cose

o Total trajectory time is given by

tita = T (6)— t(o) (A10)

where @ and © are given by eq. A8
t(g)and t(g,) by eq. A9

5. Range to pierce,

o The ground ramge to pierce is given by

R =Rg (65 —GE, (Al1)

A2
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APPENDIX B
STRATEGY C IMPULSIVE AV COMPUTATION
Given: V; = reentry velocity

¥g= reentry flight path angle

h;- reentry altitude

hs- Shuttle orbit altitude
Find: aV, = impulsive aV for first Hohmann transfer burn

&V2 = impulsiveaV for second Hohmann transfer burn
Solve: Use Reference (18) approach
1. Compute deorbit trajectory eccentricity, € and energy, E » as shown in step
1 of Appendix A.

2, Compute apogee altitude, "l‘ and velocity, VQ -

ha =_!e+l)K —Rg = Ya-— Re (B1)
2F

Va =‘[a(E + 5_) 2)
a

where [ = gravitational constant

3. Compute Hohmann transfer orbit eccentricity,e&,,

ey = '« — % (83)
o + rs

where (g = L,$+ RE
RE = earth radius

4, Compute Hohmann transfer orbit velocityY’ and V"z ’
1

V"‘ =J !ei+ 1) K (B4)

s

Vig= (ez,,+| K (BS)

a.
5. Compute AV, at Shuttle orbit
AVZ at apogee

o Define Shuttle orbital velocity, Vo (assumed circular orbit)

VO = ‘J K/rs (36)

o Then
AV, = Vy—Vo (B7)
avy = \/H?_—Vo
AV = |aV|+[aV,] (B8)

Bl
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where \jy, is given by eq. B4
V, is given by eq. B6
Vnz is given by eq. B5
Vg is given by eq. B2
6. Total deorbit time computation
o Hohmann transfer transit time is given by equation A9 of Appendix A evaluated
for © = 180 deg, i.e., half an elliptic orbit period. This gives

ty = =madl? (89)
VK
where
@ = (r°+ r-")/a (B10)

o Deorbit time is given by evaluating equation A8 of Appendix A at entry
to obtairn
3
o Then solving equation A9 of Appendix A results in ¢ ()
o The total deorbit time is then

t = ty+ t(ep) (B11)

where ¢4 is given by eq. B9
t(eg) is given by eq. A9 of Appendix A

7. Range to pierce, R

The ground range to pierce is given by

R = Rg (n +|QE{) (B12)

B2
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APPENDIX C

METHUDOLOGY FOR DETERMINING PROPELLANT AND PAYLOAD FOR DEPLOYMENT
OF MULTIPLE PAYLOADS

Define:
1 Mg = mass remaining at burnout after ith burn
0.

i

2 n, = ratio of inert weight of booster to propellant weight for ith burn
(mass fraction)
3 Pi = mass of propellant burned for ith burn
4 m, = miscellaneous mass other than payload and propulsion for ith stage
5 mDT = payload mass deployed after ith burn
6 AV} = impulsive aV applied during ith burn
7 i = specific impulse for ith burn
3 g = reference gravitational constant = 32,174 ft/sec2
9 § = 0 if motor restart, 1 if drop away stage
Neglecting gravity terms:
my * P
- 0.
aV; = Lo (24 )
%
Solving for Mg :
0.
i
mBo. = Pi/[exp (AVi/Iig)-l] (81)

i
The burnout mass can also be expressed by

N N 1] £]

mg =E "‘o.“’%) + Z my + Z nJ.PJ. (1-5J.) +Z PJ- (B2)

% =1 J j=1 3 i= j=i+l
misc mass payload mass propulsion inert propellant mass
remaining remaining mass remaining remaining

Equations 1 and 2 constitute a set of N linear equations with N unknowns, Pi. If
the propellant system is fixed, then an additional equation is required:

;: Pj = Po (B3)

If ”Di = ”D’ i.e., all payloads are of equal weight, then Eq.B1-3 represent a system
of N+1 equations in H+1 unknowns, Pi’ MD‘ lote that moj can be a linear function
of ”D and the system of equations remains linear,

cl
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APPENDIX D
SENSITIVITY ANALYSIS

Presented is an orbital mechanics sensitivity analysis used to evaluate range
sensitivity at the pierce point to perturbations in the orbit initial state vector
(r, ,Vo, { ). Pierce point altitude was constrained to that value used in defining
the unperturbed range. An appropriate set of flight mechanics aquations for energy
and eccentricity were used as a basis for the perturbation equations. The sensi-
tivity orf pierce point conditions are related to deorbit point altitude aad velocity
errors through the perturbation equations.

The geometry and 2.vrdinate system are shown below:

The defining orbital mechanics equations are (Reference 18):
o Energy

E=Vv: K (01)

(4 r

which can also be expressed as

V=y2 [E + KA (02)
o Eccentrié:ity'_’ 2 2 .

e =[Q'V/K)— l] cos* ¥ +sin ¥ (D3)
which can also be expressea as

cos*¥ = (e 1)/[(5_\_/2—1 ) 2 (©4)
o Angular Displacement K

tane = [rV¥K)snY cos¥ (D5)

(FvrK) cos?¥ -1

and Yp= constant (D6)
The desired sensitivities: Qe;/éb’,,, ée/gl‘;,é%\éwhich define the sensitivity

Ao

of the angular displacement between launch and pierce to initial Ka, L,

are given by:

L1
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de Y e~ g

é do A 60 -

30 2 [e—q

MV v, [ 9° (17)

Y 3 I 1

A, G,— O,

éro Ar P °_4
The terms% ,Q_,, » and Q_q, are evialuated by straightforward differentiation

>

of the eq. D5 w1th unperturbed state vector (v y - ) values used in evaluating

the derivatives. This term in effect evaluates the perturbation of the apse line

due to perturbed (V, x, « The terms 2% , 9 » and 9%
) TA 3G Mo
are more difficult to obtain for they define the pierce point perturbation due to
the initial state vector perturbation. The parameters e and E defined in eq. Dl
and D3 are used to provide the transformation between these perturbed states at
0 and p.
From D5 e = / \/) X)

thus é_ep )9,-_ e 3 J96p éVp 9Gp ﬁP
Y,

é(o - él"p AXO éVP QXQ P éxo {D3)
but rp =constant, o _
%o (D9)

and eq. D8 becomes

3op _ dop Ve | dop 2k (10)

Wo Ve alo ¥
Now using the energy relationship of eq. D2, the )Vp/ )yo becomes

Ny _ p 9E | WVp g

Vo~ E Y, orp (D11)
Note that E=L(v,r), 2E=-o

Mo

also p = COV\S{O'\{ S =0
theref Qb’o
erefore Q_XP_
o
The derivative E!P of eq. D10 can be evaluated using eq. D4 to give
o
2% _ % oe + Wp Vo e drp (D13)
éb,o ée éto QVP éxo érpélfo
Again note that a_ri, —o
%o

D2
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and é\lp/éxo=o from eq. D12

Therefore, é_l_‘_p _ le Q_-e
Yo - ée. éXo (D14)

Note that both derivatives in eq. D14 can be calculated from eq. D3 where
e=¢e(r V)
Equation D10 can be rewritten in the form
4 D15
36p _ 2% 3dp de (D15)
W, ~ dp de 3

The three derivatives are readily calculated using eq. D5, D4 and D3 respectively.

The next derivative of interest from eq. D7 is the ésP/)\/o

From eq. D5, o

dop _ dop Ve  dsp Mp  30p)

= + (D16)
dVs dVp Vo A¥p IV, drp XVo

is given by differentiating eq. D2 to give

) o
° QVp _ dVp OF Ve 2y (D17)
Wo SE Wo + érp Vo

[
=
®
wie
<

The _éi(f is given by differentiating eq. D4 to give
Vo }_Xf 5)!,: Ve Afp 3¢ 6_’_12 S

Ve = p Vs T Je 3V, +3rp Vo (018

Combining D17 and D18 with D16 gives

J6p éep [QVp éE] é__ef [.;;X_,: é&’_'_é_xp f] (D19)

o = p | SE |t ¥ |V .7 3e 3V,

where all derivatives can be evaluated from eq. D2, D3, D4 and D5. Finally, the

derivative éep/&; of eq. D7 can be evaluated using eq, D5 to give

ﬁ’_g_QPi\ﬁ’.p ‘.)E?ﬁp.,_ 29 9

= -— (D20)
o MVp are  ddpdre  9p/P "o
Looking at Q_VP from eq. D1 o) }
M W e 2E | Wy AF_ Sp o o)
drs 9k Iy Spdr =  SE 3%
Looking at QYP from eq. D4 Yo OV S¥e S (v}
3G oY MWp de¢ 2ap Ve + 2°P 7
Se =3¢ sm T In T Sw %o 022)
where é_e is evaluated from D3 and Vp from D21,
56 3%
b3
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Combining eq. D21 and D22 with D20 gives

90p 36 [IVpaE], se[d¥pde  J¥p IVp (p23)
- <P _._+7. —_—— 4 — =
d o 3p | dEIVe| dplde A5 oVparg
The partial derivatives necessary for calculating 3—?—9 9 3—7P, 3_8? are given
in eq. D15, D19 and D23. The derivatives for Qg oae‘; ° de G are given
by differentation of eq. D5. 3%’ V' e
Differentiation of eq. D5 yields
3_% _ % VQ2 cos 2y + 2 tan S, sin Y, cos Yo (D24)
3o K 2
[(1 +tan® 90)( ry Vo cost ¥p— |)]
K
z )
36, 2 VE sm¥seosds | —[c_;_\I:CoszYo/(roVo cos‘X-—l)] (
Y=l K K !
Lv.ozCOS-Lyo-l) (I + tanteo) Vo (D25)
96, 36, V K
— 2% Yo
dn T MV, z2rs (D26)

The derivatives required to solve eqs., D15, D19 and D23 are from differentiation

of eq. D1

w
m

Vo

S\-/ _ (D27)
o
OE K/r"’- (028)
9= _ [
ore
from differentiation of eq. D3 2
Q_C; AL \IZ' (Qvo _ ,) Coszxo (029)
Ve~ K K E V,
e _ e Vo (D30)
o — oVe 21,
e _ sm Xg Cost [l —(t‘n\/‘:—_,\/ Z] (D31,
X E K

from differentiation of eq, D4

[
o zr'pVP( Cp\/;_ ')//:VP[(E&?_-:)Z.,J tan )’P:\ (032)

dVp T K K K
Equation D24 through D32 are evaluated at either the initial point, o, or pierce
point, p, to provide the derivatives required in eq, D7, Two other derivatives

required are in eq. D19

D4
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é\ho _ Ve
3V, = Ve (D33)
and in eq., D23
e . K (D34)
AT A Ve o

which are obtained by differentiating eq. Dl.
The derivatives given by eq. D7, i.e.,
36/ 8o de/ dr, e/ SV,
can now be evaluated by substituting eqs. D24 through D34 into eqs, D7, D15, D19
and D23, The resulting sensitivity derivatives can be related to velocity and
position errors at the deorbit point as follows:
de/sx, = 36/ Jy, = o , e _ Jde 3%
e 27 %o (D35)
2© _ 22 Wo . 3@ X
d%o " Vo A% 3¥o d%e
de — 22 No | e ¥
E T % 3%, T ) a‘/

°©

=) Y= V
Y

o)

g{o = SV" é‘ta + é?o
where X ’ ’ Z are the initial pos;tion coordinates and
X, Y s i are the initial velocity components.
 devivat br Ve )V IV
The derivatives ) T2 4 Ty 228, etc, are given by differ-
SXo” Y 3,

entiating the follow1ng equat10ns~
. Yo=Fge + Zo (D36)
dr,N2e=
2. 2 = | 2
Vo xo+z°

%™ Voo
3' _ton x0= iJXo
Y, -sin ¥o
Sk. = [+ cos?¥, IV, (D38)
b UE = Xe+Zo
Ve (D39)
33, =0

D5
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5, tan Xo = %o
Xo
3 ¥ o
— =
Y, (D40)
2 y A
6. Vo = Xot7Z,
Mo _ z. _ e 3, w4
d 2o Vo__
7' £an XO - .?4
Xo
3% _ cos*ds (D42)

dz, —[I +cost¥o] V sin Ja

By substituting eq. D36 through D42 into the eqs, of D35 with the oth. : derivatives
evaluated through eq. D7 the sensitivity of pierce r.int angular displacement to

initial pnsition and velocity errors can be dete.mined,

D6
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