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FOREWORD

This final report has been prepared for the National Aeronautics
and Space Administration's Manned Spacecraft Center, Houston,
Texas, under Contract NAS9-11949. Volumes I and II are sub-
mitted as DRL line items 6 and 7, as specified in DRD MA-012T
and MA-129T of the subject contract. Although not contractually
required, supplemental data on the Ascent Agena and existing
flight equipment are also submitted.

In compliance with customer guidelines regarding page limita-
tions, the report is bound in separate books as follows:

Volume I

e Volume II, Part One

Volume II, Part Two

Volume II, Part Three

Annex A

e Annex B

Annex C

Executive Summary

Program Requirements,
Conclusions, Recommendations

Agena Tug Configurations,
Shuttle/Agena Interface,
Performance, Safety, Cost

Preliminary Test Plans
Ascent Agena Configuration

Catalog of Existing Flight
Equipment

Space Shuttle Candidate Insulator/
Propellant Compatibility Test Program

iii
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Section 1
INTRODUCTION

This book, Volume II, Part 2 of the final report, documents the major portion of the
technical work completed during the Shuttle/Agena Compatibility study. The Agena
space tug configuration design is described in terms of the total vehicle system as
well as the individual subsystems and major assemblies and components. The com-
plete interface between the Agena space tug and the space shuttle orbiter is defined in

detail for both in-flight and ground operations.

The derivation and design of an evolutionary stage is also presented. This vehicle con-
forms to the same guidelines and interface requirements as the Agena space tug. Key

safety problems are identified and promising solutions are presented.

Performance data developed for both vehicles for each of the three study baseline
missions are included. Also presented are cost data, which were prepared to work
breakdown structure Levels 6 and 7. These costs were then compared to historical

Gemini Agena Target Vehicle costs to confirm their validity.

LOCKHEED MISSILES & SPACE COMPANY



LMSC-D152635
Vol II, Part 2

Section 2
AGENA TUG BASELINE CONFIGURATION DEFINITION




LMSC-D152635
Vol II, Part 2

Section 2
AGENA TUG BASELINE CONFIGURATION DEFINITION

2.1 BASELINE CONFIGURATION

The Agena tug configuration consists of the Ascent Agena vehicle configuration as
described in Annex A, with the subsystems modified as discussed under Section 5,
Volume II, Part 1, to comply with the shuttle integration and to satisfy the mission

requirements.

Actually, very few changes are required to convert the Ascent Agena vehicle into the
Agena tug configuration. As discussed previously under Part 1, Section 5, most of

the changes consist of internal substitution of subsystem components with correspond-
ing modifications to the wiring and plumbing systems. The external appearance of the
vehicle configuration will therefore be very similar to that of the Ascent Agena

(Fig. 2-1.) An artist's conception of the Agena tug on orbit with two typical synchronous

equatorial-orbit payloads is shown in Fig. 2-2.

The only significant change to the basic structure is the addition of two strengthening
rings, one at Station 384 and one at the payload interface plane at Station 244. These
two rings are indicated on the inboard profile drawing of the Agena tug configuration
shown in Fig. 2-3.

The modifications to the Ascent Agena configuration are summarized in the following

paragraph; a more detailed discussion of the subsystems and the support equipment is

included in Section 3.
2.2 REQUIRED MODIFICATIONS TO ASCENT AGENA

The required modifications to the Ascent Agena as outlined in Section 5, Volume II,

Part 1 are outlined in Table 2-1. The modifications are organized both by subsystem
2-1
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Fig. 2-2 Agena Tug on Orbit With Intelsat IV (Top) and Lockheed Communications
Satellite (Bottom) Payloads
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Table 2-1
SUMMARY OF AGENA MODIFICATIONS
Reason
Modification for I;tgggi?:g ISy .nc;.Eq :{(;—Qay
Change* j njection ssion
Structures
Tank Section
Add attachment ring SI
Add brackets for standard deployment
mechanism SI X
Aft Rack
Remove roller mechanisms SI X X X
If new nozzle, relocate structural
members as required MR (TBD) (TBD) (TBD)
Add bracketry for additional equip-
ment as required MR X X X
Propulsion
Performance
HDA, -1 injector, higher expansion
nozzle MR (TBD) (TBD) (TBD)
Multistart capability MR X
Add relubrication kit MR X
Propellant storability
Modify PIVs, seals MR X
Propellant dump capability
Expand dump valves and plumbing SI X X X
Modify propellant vent system SI X X X
Modify pressurization system SI X X X
Communications
Remove C-band beacon and ascent
antenna SI X X X
Remove present communication equip. SI X X X
Add new communication units SI X X X
Guidance
Ascent Guidance System
Remove booster discrete box SI X X X
Add shuttle interface hardline SI X X X
Add safety and checkout sensors SI X X X
Add RF update capability MR (TBD) X
Add DACS (or 1/2 DACS) MR

2-5
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Table 2-1 (Cont)

Reason
Modification for fl?"ett.a"y Isy.“c‘thq 133;233'
Change* njection | Injection ion
Electrical
Remove destruct system SI X X X
Remove ascent tracking equipment SI X X X
Remove booster interface equipment SI X X X
Remove fairing separation equipment SI X X X
Change engine start system MR X
Add wiring for additional guidance equip.;] MR X
Add solar panels MR X
Change wiring for new communication
equipment SI X X X

*SI — Shuttle Integration
MR — Mission Requirement

and by mission to emphasize the impact of mission requirements upon the Agena tug
configuration. Most of the modifications are common to all missions; they result from
integration with the shuttle system. The exceptions are the peculiar equipment needed
for the long-duration mission. From a scheduling point of view, it would be ad-
vantageous to have one Agena tug configuration that could be used for all missions.
This will, however, imply an increased configuration weight, which will penalize the
performance capability for some of the applications. The following approach is there-

fore recommended:

e The multistart capability represents only a 29-1b increase in propulsion
system weight. It is recommended that this capability be included in the
standard configuration, in order to have only one engine model and thereby

reduce cost and simplify vehicle scheduling.

2-6

LOCKHEED MISSILES & SPACE COMPANY




LMSC-D152635
Vol II, Part 2

e The RF update capability of the guidance system represents only a 2. 3-1b
weight increase. This added capability may also prove to be desirable for
other missions and should therefore be included in the standard

configuration.

e Solar panels for power supply for the long-duration mission can easily be
installed outside the basic configuration. Provision for wiring and plug-in

connection should be included in the standard configuration.
e Two baseline configurations are considered:

One, using the standard Agena propulsion system with the addition of the
multistart capability, will have a specific impulse of 290.8 sec.

The other version will include a higher expansion nozzle, the HDA oxidizer,
and a modified injector. This configuration, which is referred to as the
"Improved baseline configuration,' will have a specific impulse of 310 sec.

2.3 WEIGHT ESTIMATE

The weight estimates of the Agena tug vehicle configurations and the associated support
equipment needed in the orbiter are summarized here. Table 2-2 gives the weight
breakdown by vehicle subsystem of the Ascent Agena configuration as defined in

Annex A, since this configuration was used as a starting point. Table 2-3 summarizes
the weight summary of all the additional equipment and the modifications to the Ascent
Agena configuration in order to arrive at the Agena tug configuration as previously
defined in Table 2-1. A weight was determined for each of the three model missions.
For the two short-duration missions the basic configuration is the same; the difference
consists of additional batteries which will be installed at the launch pad. For the long-
duration mission the increased weight consist of electrical supply equipment and addi-
tional control components. Table 2-4 gives the additional vehicle weights to incorporate
the changes to the improved baseline configuration. In this case the weight of the pro-
pellant loaded is different, due to the use of the high-density acid (HDA) as oxidizer.

2-17
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Table 2-5 summarizes the weight of the support items to be included in the orbiter.
These items are nondeployable support equipment, which will remain with the orbiter
when the Agena and the payload are deployed. The support item weight therefore does
not affect the Agena payload capability, except when the maximum shuttle capability is
reached. These support items are defined in Section 3. The Agena deployment sys-
tem using the four bi-stem booms, as discussed under Section 3, is not included in
the support system weight. This system, which is estimated to weigh approximately
300 pounds, must also be charged to the Agena system if it is used.

Finally, Table 2-6 gives weight sequences for the three model missions, from the
total Agena weight and until the mission is completed. This table includes both the
standard and the improved version of the baseline Agena configuration. The support
equipment weight was obtained from Table 2-5, using a cradle compatible with the
payload capability. The nonimpulse propellant was estimated on the basis of the re-

quired number of burning periods for each mission.
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Weight
Code (1b)
STRUCTURE
Forward Section A001 134.3
Tank Section B001 275.9
Aft Section Co001 104.1
Contingency 5.1
Total 519.4
ELECTRICAL POWER
Primary Batteries K002 32.2
Power Distribution J-Box A012 9.1
Aft Control and Instr J-Box Cco012 6.2
Main Power Transfer Switch Co013 2.6
Wiring Harnesses C022 11.1
Wiring Harnesses B002 4.4
Wiring Harnesses B011 0.2
Wiring Harnesses A042 21.7
Pyrotechnic Control Box A032 .5
Contingency 0.9
Total 92.9
PROPULSION
Rocket Engine C003 225.5
Nozzle Extension Kit K003 46.0
Dual Start Kit C093 7.8
K013 1.9
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Table 2-2 (Continued)
Weight
Code (1b)
PROPULSION
Starter Grain Kit (2) K033 2.6
Starter Igniter (2) K023 1.2
Propellant Fuel Feed Bellows Cc023 1.0
Propellant Oxygen Feed Bellows co023 1.0
Helium Fill Coupling A023 0.3
Pyro Helium Control Valve A003 3.8
M-69 Pressure Squib K010 0.1
M-11 Pressure Squib
Fast Shutdown Kit 1.9
Propellant Vent Coupling _ A043 0.4
High-Pressure Helium Coupling -
Helium Tank A013 15.9
Check Valve . C004 0.2
Fuel and Oxygen Feed Bellows (2) C033 2.7
Propellant Isolation Valves (2) C043 11.0
Helium Plumbing A023 2.0
Propellant Plumbing C033 8.6
Engine Exhaust Shields C211 3.5
Contingency 3.4
Total 340.8
TT&C
PCM TLM Type IV A055 4.0
Baseband Unit, Type 3 A045 2.0
2-10
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Weight
Code (1b)
TT&C (Continued)
UHF Transmitter A025 4.0
TLM J-Box A035 5.2
Air-Conditioning Ducting A074 3.9
Antenna A065 0.6
RF Switch, Type 14 A075 0.6
Contingency 0.2
Total 20.5
GUIDANCE AND CONTROL
Flight Control Electronics ' A034 8.6
Inertial Sensor Assembly A024 36.6
Guidance Computer A014 46.8
Hydraulic Power Package C063 8.7
Hydraulic Actuators (2) C073 6.7
Nitrogen Tank Co014 21.2
Nitrogen Regulator C034 7.9
N, Fill Valve C044 0.3
Thrust Valve Cluster (2) C053 9.2
Attitude Control Plumbing C004 2.8
Nitrogen Temperature Probe C024 0.5
Nitrogen Tank Fitting C054 0.8
Hydraulic Plumbing Co083 3.0
Contingency 1.5
Total 154.6
Total Ascent Agena Configuration 1,128.2
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Table 2-3

MISSION-PECULIAR MODIFICATIONS TO BASELINE CONFIGURATION

Weight (lb)
Planetary Sy nchrongus 30-Day
Injection Equatorial Mission
L Injection
Baseline Configuration 1,128.2 1,128.2 1,128.2
STRUCTURE
Remove: Roller Mechanism -4.8 -4.8 -4.8
Add: Attachment Rings and Fittings 75.6 75.6 34.2
Add: Brackets for STD Deployment 10.0 10.0 10.0
Contingency 7.8 7.8 7.8
Total 88.6 88.6 47,2
PROPULSION
Remove: Dual Start Kit -7.8 -7.8 -7.8
Dual Start Kit : -1.9 -1.9 -1.9
Starter Grain Kit -2.6 -2.6 -2.6
Starter Igniter -1.2 -1.2 -1.2
Add: Propellant Dump Valves and 2.8 2.8 2.8
Lines
Regulator Pressurization System 7.9 7.9 7.9
Multistart Kit 28.0 28.0 28.0
Contingency 4,2 4,2 4,2
Total 29.4 29.4 29.4
COMMUNICA TION
Remove: Baseband Unit Type 3 -2.0 -2.0 -2.0
UHF Transmitter -4,0 -4.0 -4.0
Air-Conditioning Ducting -3.9 -3.9 -3.9
RF Switch Type 14 -0.6 -0.6 -0.6
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Table 2-3 (Continued)

Weight (1b)
Planetary Sy nchron9us 30-Day
S Equatorial R
Injection I Mission
Injection
COMMUNICATION (Continued)

Add: Decoder 2.3 2.3 2.3
Multicoupler 1.6 1.6 1.6
Receiver-Demodulator 9.0 9.0 9.0
Transmitter 3.5 9.0 3.5
Baseband Unit 1.0 1.0 1.0
Coaxial Cables 2.0 2.0 2.0
Omni-Antenna 1.5 1.5 1.5
Parabolic Antenna 9.0
Contingency 6.3 7.9 6.3

Total 16.1 25.1 16.1
ELECTRICAL SYSTEM

Remove: Primary Battery -32.2 -32.2

Add: Primary Battery 120.0
Secondary Battery 52.0
Solar Array 20.0
Charge Control 18.0
Cables 10.0
Contingency 5.0

Total 0 87.2 72.8
GUIDANCE AND CONTROL

Remove: Flight Control Electronics ' -8.6

Add: Status and Safety Checkout 10.0 10.0 10.0
Sensors
DACS Mounting Hardware 26.5
Horizon Sensor Mixer Box (2) 22.0
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Table 2-3 (Continued)

Weight (1b)
Synchronous _
Pla.netgry Equatorial 39 D.ay
Injection e e Mission
Injection
GUIDANCE AND CONTROL (Continued)

Add: Horizon Sensor Heads (4) 22,0
Gyro Reference Assembly (2) 40.0
Orbit Electronic Assembly 17.2
Augmented Electronic Assembly 20.2
Cable Assembly, Flat 5.5
N2 Regulator 9.2
Wire Harness 2.5
N2 Bottle, Spherical (1) 22.5
Plumbing 21.8
Contingency 1.0 1.0 4,7
Total 11.0 11.0 215.7
Total Configuration Dry Weight 1,273.3 1,369.5 1,489.4
He Gas 2.5 2.5 2.5
N2 Gas 30.3 30.3 78.5

Propellant Loaded
(UDMH/IRFNA) (60°F) 13,561.0 13,561.0 13,561.0
Total Configured Wet Weight 14,867.1 14,963.3 15,131.4
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MISSION-PECULIAR MODIFICATIONS (IMPROVED AGENA)

For the improved Agena using HDA, the configuration dry weight will increase by
27 pounds due to higher expansion nozzle extension.
Weight (1b)
Planetary |Syochronousi g, . o
Injection Equatorial Mission
J Injection
1,273.3 1,369.5 1,489.4
100:1 Expansion Nozzle 27.0 27.0 27.0
Total Configuration Dry Weight 1, 300.3 1,396.5 1,516.4
He Gas 2.5 2.5 2,5
N2 Gas 30.3 30. 3 78.5
Propellant Loaded 13,954.0 13,954.0 13,954.0
(UDMH/HDA) (60°F)
Total Configured Wet Weight 15,287.1 15,383.3 15,551. 4

NOTE:

Agena tug performance has been computed for propellant
condition at both 60°F and 75°F. The nominal propellant
loading will be 13,411 pounds for IRFNA/UDMH and

13, 784 pounds for HDA/UDMH.
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WEIGHT BREAKDOWN FOR AGENA SUPPORT SYSTEM

Cantilevered
Support System

Extended
Cradle
Support System

Cantilevered
Support With
Payload Adapter

Agena/Payload Support Structure 508 1083 642

Agena Service Panel and 75 75 75
Electrical Compartment

Dump Lines Retraction 103 103 103
Mechanisms

Dump Lines 6 6 56

J-100 Disconnect 56 56 56

J-100 Cables 15 15 15

Cables for Deployment Control 7 7 7
and Instrumentation

Propellant Dump Lines Within 11 11 11
the Orbiter

Cables From Service Panel 15 15 15
to Forward Bulkhead

TOTAL 796 1371 930

Note: If the Agena deployment system is used, the support weight will be increased

by 300 pounds.
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Table 2-6
WEIGHT SEQUENCE

Planetary Injection

Synchronous

Equatorial Injection

Low-Earth-Orbit
30-Day Mission

Agena Agena Agena Agena Agena Agena
IRFNA/ HDA/ IRFNA/ HDA/ IRFNA/ | HDA/
UDMH UDMH UDMH UDMH UDMH UDMH
Total Agena Installed Weight 15,693 16, 083 15, 759 16,179 16,502 16,922
(No Payload)
Less: Agena Support Weight 796 796 796 796 1,371 1,371
Agena Deployment Weight 14,867 15, 287 14,963 15, 383 15,131 15,551
(No Payload)

Less: Impulse Propellant 13,395 13, 756 13,291 13,646 13, 043 13, 399
Pre-Flows 10 11 30 33 60 66
Post-Flows 45 47 135 141 270 282
N2 Gas Used 8 9 8 8 60 62

Agena Weight at Spacecraft 1,409 1,464 1,499 1,555 1,698 1,742

Separation

Less: Propelled Residuals 48 72 48 72 48 72
Propellant Margin 63 68 57 62 140 135
Remaining N2 Gas 22 21 22 22 18 16
Helium Gas 3 3 3 3 3 3

Agena Dry Weight 1,273 1,300 1,369 1,396 1,489 1,516
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Section 3
SUBSYSTEM DESCRIPTIONS

The baseline Agena space tug vehicle described in Section 2 consists of six subsystems;
five comprise the Agena tug itself, while the sixth covers the support structure re-
quired to mount the Agena and its payload in the space shuttle orbiter cargo bay. These
subsystems satisfy the requirements established in Part 1, with minimum modification

or disturbance of flight-qualified configurations.

3.1 AGENA/PAYLOAD SUPPORT STRUCTURE

A number of mechanical support alternatives were investigated to find the most efficient
attachment for the Agena and payload in the orbiter cargo bay. Three designs that satisfy

the guidelines and interface requirements were selected. The choice among the three

concepts depends primarily upon the payload configuration.

3.1.1 Cantilevered Payload Support Cradle Concept

This concept, which is shown in Fig. 3-1, has the payload cantilevered off the Agena
forward interface ring at Station 247. The Agena is supported by a cradle attached to
the orbiter structural sidewalls and the lower keelson. The crad1e~utilizes a truss struc-
ture with members made of 2219 aluminum alloy tubing welded together at the member
junctions to transmit the loads from the Agena/payload to the orbiter structure. The
truss members are assembled in a geometric shape that lies within the 180. 0-inch-
diameter cargo bay spac:a envelope interfacing with the orbiter attach fittings. Diag-
onal members at the fore and aft end of the cradle transmit the vertical forces from the
Agena to the kéelson of the orbiter. The utility of this concept is constrained by the
structural capability of the Agena forward section. The maximum allowable weight and
CG location can be determined from Fig. 3-2, a curve for no payload'adapter. This
concept would appear to be most attractive for transporting spacecraft suchas communica-

tion satellites or other types of payloads having a low density but a large volume and a
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bulky profile. The cradle-type support system is easily adaptable to all ground handling
activities with both Agena vehicle and the mated payload; however, it will be necessary

to provide an attachment on the payload forward of the payload/Agena CG when hoisting
the mated payload and Agena with the Agena propellant tanks empty.

This concept requires the addition of rings located at Agena Station 247. 0 and Station 384. 0
to increase the Agena structural capability at the main load attachment points. The
detail design of these rings is discussed in pér. 3.2. Figure 3-3 shows the direction
and axis orientation of the Agena/payload forces from the orbiter cradle. These forces
will be reacted by large pins which extend into a cavity of the Agena new payload sup-

porting rings.

To provide added protection against damaging the tank structure while the propellant
tanks are full during ground handling and orbiter erection mode, two rings will be in-
stalled around the tank periphery btheen the Agena forward and aft rings as a tem-
porary structural reinforcement. These rings will be removed after the Orbiter/Agena

has been erected on the pad in a vertical position.

3.1.2 Extended Cradle Suppbrt Concept ‘

This concept, shown in Fig. 3-4, also includes a truss-type cradle that extends from
Agena Station 383. 85 forward to the payload CG. The system is designed to support a
payload corresponding to the maximum orbiter payload weight of 65, 000 pounds. Since
the }spacecraft weight in this case exceeds the Agena structural capability for the canti-
levered system, the fqrweird truss members are designed to .trahsmit payload forces
diréctly to fhe orbiter structure. The truss members located at the payload CG and the
aft support structure located at the Agena Station 383. 85 are madé of 321/347 CRES
tubing. The intermediate truss members are made of 2219-T81 'aluminum alloy tubing.
The truss members are assembled geometrically to fit within the 180-inch-diameter

cargo bay envelope,

3-6

LOCKHEED MISSILES & SPACE COMPANY



LMSC-D152635
Vol II, Part 2

Fig. 3-3 Agena/Payload Forces
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To accommodate a wide variety of payload configurations, the cradle has been designed
as a modular assembly incorporating a detachable forward section that permits the
addition or deletion of truss center sections. The removable forward section is the
most loaded part; however, the entire cradle has been designed to accommodate the
maximum orbiter payload weight. Both theée two concepts utilize four attachment

points, two on the payload bay side and two on the keelson.

The extended cradle concept also makes use of removable rings to preclude damage to
the Agena tank structure during ground handling and orbiter erection. An isometric

‘drawing of this concept is shown in Fig. 3-5.

3.1.3 Cantilevered Support Cradle With Payload Adapter

The payload weight-CG limitation for a cantilevered support arrangement is shown in
Fig. 3-2. This limitation, based on the structural capability of the Agena forward
section can be improved somewhat by using a payload adapter as shown in Fig. 3-6.

In this case the configuration is supported at Agena Station 384 and at the payload inter-
face station; the bending moment at the Agena interface Station 247 is thereby reduced.
This support arrangement, which is sotﬁewhat in between the two systems previously
described, can be used for any spacecraft configuration suitable for cantilevered sus-
pension. Figure 3-2 shows that a 60-inch adapter will provide sufficient capability to
accommodate the Viking spacecraft. This adapter is, however, estimated to weigh
350 pounds and, since it stays with the Agena uhtil ‘spacecraft separation, it represents
a direct 350-pound loss in payload capability. The adapter could, however, be incor-

porated as an integral part of the spacecraft structure.

The support structure is again a tubular truss frame utilizing 2219 aluminum alloy
tubing welded at the member junctions. This cradle is suspended at four attachment
points to the orbiter structure on the sidewalls of the orbiter cargo bay. The configura-
tion shown in Fig. 3-6 also indicates the structural interface between the cradle and the

orbiter structure and fhe tiedown mechanisms.
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Fig. 3-5 Extended Cradle Support
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3.1.4 Agena-To-Cradle Attachment System

Figure 3-7 shows the detail design features of the Agena/payload-to-cradle supporting
system, which transmits the inertia forces to the truss~type cradle.. This system
utilizes large-diameter pins installed in a bracket attached to the cradle, with the

pins extending through r'eceptacles provided as fittings integral with the rings at Agena
Stations 247.0 and 384.0 (depending upon the cradle concept used). Shims and slotted
holes are provided in the pin support brackets to facilitate alignment -and mating of the
Agena and cradle. The axis of the pins will be oriented to ensure that the loads are
reaéted normal to the pin center lines in the intended direction, asshown in Fig. 3-3.
The pins, made of A-286 heat-treated CRES, are tapered to further assist in aligning
the center lines at installation. The pins will be machined to a surface finish of 64 RMS
for smooth contacting surface. . A baseplate, made of heat-treated CRES, is welded to
the cradle structure for attaching the pin support fitting,which is made of 7075-T73
aluminum forging. The fitting is slotted or forked to allow double shear on the pin.
A-286 CRES chemically treated bushings are pressed into the lugs to increase the
bearing strength of the fittings and decrease brinélling.

It is planned that the actuators will be eléctrically driven screws, which minimize the
number of system components. The actuator screws are installed so that only the
force required to translate the pins will be imposed on the actuator system. The actu-
ator incorporates a backup system that provides for manual extraction of the retention
pins in the event of electrical or mechanical failure. A hand-operated crank is stowed

adjacent to one of the actuators.

A limit switch at the retractor for each pin will provide a signal to the orbiter main
control panel that power is on at each actuator. Another signal (colored lights) will
appear, confirming that pin-pulling has been completed and the pins are free of the

Agena receptacles and supporting brackets.
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3.1.5 Support System Structural Loads

The interface loads between the Agena/payload support cradle and the orbiter structure
were evaluated for a limited number of flight conditions and payload weights. For the
cantilevered and extended cradle support systems, four attachment points with five load
reactions are used (Fig. 3-8). The four structural hardpoints are located two on the
cargo bay sidewalls and two on the keelson. For the cantilevered support with payload
adapter, a four-point attachment was also used, but these points are all located on the
cargo bay walls, as shown by Fig. 3-9, resulting in lower loads and therefore lower

structural weights for both the payload support system and the orbiter structure.

The support load components for these configurations are shown in Table 3-1 for the
configurations shown in Fig. 3-8, and in Table 3-2 for the loading condition shown in
Fig. 3-9. For the cantilevered support system a payload weight of 7, 600 pounds,
corresponding to the Viking spacecraft was used, and for the extendible cradle support
the maximum payload weight for landing condition was used (40,000 — 1,300 — 1, 600"
equals 37, 100 pounds). '

The loads listed represent ultimate loade, including a safety factor of 1.5. A more
complete analysis of the load spectrum must be performed; however, the loads listed
in Tables 3-1 and 3-2 are considered to be a reasonable indication of the loads that

the orbiter structure must be designed for.

3.1.6 Agena Deployment Systems

The Agena/payload configuration can be deployed from the cargo bay by use of the
orbiter remote manipulator system, as shownin Fig. 3-10. Fittings for grouping the
Agena and the payload will then be included on the struetural rings to be added to the
Agena and the payload .configuration. These fittings will be designed to resist forces

and moments about all three axes.
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RY2

CANTILEVERED AND EXTENDED
CRADLE SUPPORT

- RZI

Fig. 3-8 Interface Load Reactions — Cantilevered and
Extended Cradle Support

RZ2

CANTILEVERED CRADLE WITH
PAYLOAD ADAPTER

RX1

Fig. 3-9 Interface Load Reactions — Cantilevered Cradle
With Payload Adapter
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INTERFACE LOAD REACTIONS FOR FIG. 3-8

Agena:

Table_3—1

15, 000 1b at BECO*
1,300 1b at Landing .

LMSC-D152635
Vol 1I, Part 3

INTERFACE LOAD REACTIONS FOR FIG. 3-9

Agena: 15,000 lb at BECO
1,300 Ib at landing

Cantilevered Payload: 7,600 1b
Cantilevered Support: 960 1b
Supported Payload: 37,100 b
Support Cradle: 1,600 lb
Load Factor BECO (g) Landing (g)
Ny ' +3.2° -1.3
N +0.5 0.5
N}; -0.6 -2.7 . _
Cantilevered Supported Cantilevered Supported
Payload (lIb) | Payload (Ib) | Payload (1b) | Payload (lb)
Rx 78,000 177,000 -12,300 - 52,000
Ryl + 8,800 + 20,000 + 6,720 + 19,000
Ry2 + 3,200 - + 7,000 + 2,000 + 1,100
Rzl 35,100 25, 200 -43,300 -117,000
~Rz2 -50,200 .- 57,200 -17,700 8,800
*Booster Engine Cutoff
Table 3-2

Payload: 7,600 Ib
Payload Support: 1,100 1b
Load Factor 'BECO (g) Landing (g)
Ny +3.2 -1.3
Ey +0.5 0.5
Ny -0.6 -2.7
Cantilevered Support With Payload Adapter (Ib)
Rxl . 41,000 - 6,700
Rx2 41, 000 - 6,700
Ryl + 7,850 + 6,500
Ry2 + 4,200 + 1,350
Rz1 - 4,700 -17,500
Rz2. - 2,500 3,600
3-20

LOCKHEED MISSILES & SPACE COMPANY



ANVAdWOD 3DVdS B SITISSIN A3IIHMD0T

1¢-¢

. STATION

MANIPULATOR ARMS
LEFT & RIGHT SIDE

MANIPULATOR
OPERATOR

REMOTE MANIPULATOR

FLOODLIGHT & TV CAMERA
BOTH MANIPULATORS

CARGO BAY DOOR

FLOODLIGHT

TYP. CARGO MODULE
FLOODLIGHT

TV CAMERA

TV CAMERA :
(LEFT & RIGHT SIDE)

FLOODLIGHT (LEFT & RIGHT SIDE)

Fig. 3-10 Deployment System

¢ jxed ‘Il [0A
6£92STA-OSIN'T



LMSC-D152635
Vol 11, Part 3

An older mode deployment system using extendible booms is shown in Fig. 3-11 and,
in more detail, in Fig. 3-4. This system uses four bi-STEM boom devices perma-
nently attached to the payload support truss adjacent to the Agena/payload supporting
points. The extendible portion of the boom is attached to the Agena/payload with off-
center latches, which will be opened prior to pulling the main attaching pins. Electri-
cal motors will be actuated to drive the bi-STEM booms from the storage spools. The
motors will have a synchronization device to ensure uniform extension of the four
booms. At the end of the boom travel the Agena/payload release can either occur
automatically or the release could be delayed pending additional payload checks that
could not be performed inside the cargo bay.

The STEM (storable tubular extendible member) is a tape or element of thin stainless
steel that assumes a tubular shape when extended. - It can be stored in a minimum of
space when coiled in the flattened condition on a spool. The spool diameter is chosen
so that the elastic limit of the tape material is not exceeded when it is coiled. In this
way no permanent strain is introduced in the tape, thus guaranteeing that it always re-
turns to its tubular form even after repeated extension and retraction cycles. The
bi~-STEM when extended has approximately the same structural characteristics in
tension and compression as the equivalent size tubing having the same wall thickness.
The fundamental law of STEM forming is that the STEM is free of stress in its natural
shape as a straight tube of a given diameter. By attaching the element to a storage
spool and winding it up, strain energy is stored in the element with the net result that
it tends to self-extend. The stresses created in the coiled, flattened element are then
a maximum. Flattening of the element is a gradual process and takes place over a

finite distance, within the storage housing.

The STEM, manufactured by Spar Aerospace Products, Ltd., has been used success-
fully in many aerospace programs, including the Apollo program. However, it is
recommended that more extensive study and investigation be conducted for this applica-
tion, including dynamic analysis, structural and thermal analysis, actuator synchroni-

zation, and power supply.
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(Extendible Booms — Short Support Cradle)

Fig. 3-11 Alternate Deployment System
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This deployment system is proposed as an alternate to the remote manipulator system.
It is believed that the extendible boom concept has several advantages, such as sim-

plicity and ease of operation. The weight of this system is indicated to be 300 pounds,
and it is recognized that this weight will be charged to the Agena system if it is in-
cluded. This weight will, of course, stay with the orbiter so the payload capability

of the Agena vehicle is not affected.
3.2 STRUCTURES SUBSYSTEM

The basic ascent Agena structure can meet the requirements for the Agena tug mission
applications withdut modification, except for the loads encountered during ascent (or
reentry and landing in the event of an abort) when the Agena and its payload are in-
stalled in the orbiter cargo bay. These loads, and therefore the modificatio'ns, are

dependent on the support concept employed for the Agena/payload combination.

3.2.1 Modifications for Extended Cradle Support

In the extended cradle support concept the Agena/payload assembly is attached to the
cradle at four points. The two forward points are located on each side of the payload,
at or near the Y-Y axis and at a station as close as possible to the CG of the payload.
The structural frame of the payload will provide the attach fittings required for the
holddown devices to fasten and release the payload to and from the cradle. A two-
piece ring is added to the Agena outer mold line at Station 384, which provides two
attachment hard points at or near the Y-Y axis. The ring is installed in two pieces
to compensate for variations in external contour or eccentricity that might occur
during fabrication. Shims can be used at the mating joint to adjust the rings to the
existing Agena vehicle contour. The ring, as shown in Fig, 3-12, is manufactured
from a 7075-T73 aluminum forging. A C-channel was selected as the cross-section
for this ring, for its high moment of inertia and simplicity of installation. The web
has lightening holes to reduce weight. The inner cap of the ring is bolted to the Agena
transition ring by 174 titanium cap screws utilizing existing nut plates riveted to the
Agena engine cone ring. Pure aluminum foil is inserted between the two-piece ring
and the magaesium engine cone ring to prevent dissimilar metal catalytic corrosion.
The two halves of the ring are bolted together with interposition of laminated shims

that can be removed or added as required.
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Two stainless-steel bushings are pressed and staked into the aluminum forgings to
provide smooth and positive attachments to the retractable pin type holddown devices

installed on the cradle.

This support ring will transmit to the aft end of the payload/Agena assembly the verti-
cal and lateral loads imposed by the flight loads of the orbiter. The forward attach-
ments at the payload CG are designed to transmit all axial loads to the vehicle as well
as the vertical and lateral loads imposed to the forward end of the assembly. A pre-
liminary calculation shows that the payload/Agena interface attachments at Agena
Station 247.0 are capable of absorbing, with a large margin of safety, all tension
loads and bending moments induced during all phases of the mission. Two stops are
provided on each side of the ring on the Y-Y axis to assure that the Agena will not
accidentally strike any'part of the structure when the vehicle assembly is lowered into
the cradle. These stops will also assist in the alignment of the holes in the ring with
the pins of the holddown devices. Similar stops should also be provided on the payload
support frame to avoid equipment damage during installation of the assembly into the
cradle.

The bushings and pins of the attachment devices will be machined to a surface finish
of 64 RMS for smooth contacting surface. All pins and bushings are made of A-286
CRES heat treated for higher mechanical properties.

3.2.2 Modifications for Cantilevered Support Cradle

The cantilevered payload support concept requires the addition of a forward ring at
the payload interface of the Agena vehicle to react the inertia forces at this payload
support point. The forward support ring, as shown in Fig. 3-13, is installed at
Agena Station 247. An aft support ring installed at Agena Station 384.0, similar to
the ring used for the extended cradle support concept, is also required. The cap and
web thicknesses will be adjusted to meet the new load required by the céntilevered

concept.
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The forward support ring is machines from a one-piece forging of 7075-T73 aluminum
and features also a C-shaped cross-section. This ring is sandwiched between the
existing Agena forward rack section and the payload attaching ring. Eight 1/2-inch
diameter bolts are used at both interfaces, and the bolt patterns are coincidental. The
ring is equipped with three stainless steel bushings pressed and staked into the alumi-
num forging to receive the pins of the holddown devices, which will transmit the inertial
loads from the cradle to the Agena space tug and payload. The two bushings on the
Y-Y axis will transmit the axial and vertical loads, while the remaining bushing will
transmit the lateral loads. Two stops are also provided on opposite sides of the ring
to facilitate alignment of the pins with the mating holes in the ring and also to prevent
accidental damage to the vehicle during installation in the cradle. The bushings and
pins of the attachment devices will be machined to a surface finish of 64 RMS for smooth
contacting surface. All pins and bushings are made of A-286 heat treated CRES for

higher mechanical properties.

3.2.3 Modifications for Cantilevered Support Cradle With Payload Adapter

Using a payload adapter with the cradle support at the forward end made it possible to
base the design on the structural capability of the existing Agena forward section, thus
eliminating the need for the addition of a forward ring. This configuration, shown in

Fig. 3-6, uses the same aft ring design as the two previously discussed configurations.
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3.3 PROPULSION SUBSYSTEM

The basic requirement of the propulsion subsystem is to provide the vehicle impulse
to attain the velocity increment, or increments, required by the mission. Depending
upon the type mission flown, the subsystem may provide single-, dual-, or multiple-
burn periods of various duration within the total burn time capability without impairing
the structural integrity of the vehicle and with operating characteristics satisfactorily

controlled to yield the accuracy required for mission success.

The requirements as presently envisioned for the Agena space tug applications are as

follows:
a. Multistart (Minimum of 15)
b. Restart After 30 Days
c. Restart After 10 Seconds of Engine Burn
d. Vertical and Horizontal Ground Hold Attitudes (Loaded with Propellants)
e. Emergency Propellant Dump in Orbit and While Vertical on Pad

The above requirements may be divided into two categories: shuttle-related require-
ments and mission-related requirements. The basic Agena propulsion system and its

components are described in Annex A.

3.3.1 Shuttle-Related Propulsion Design Requirements

Unique propulsion system design requirements related to use of the Agena vehicle with
the shuttle orbiter can be identified in three areas: emergency propellant dump; possi-
ble modifications to the engine gearbox to prevent oil leak at horizontal vehicle orienta-
tion while on the ground, and associated ground support equipment (GSE) necessary to’

handle propellant loading and status monitoring.

3.3.1.1 Emergency Propellant Dump. For safety reasons, provisions must be made
to dump the Agena's propellants while it is contained in the orbiter cargo bay. The

propellants will be dumped whenever an emergency or mission-aborting condition is

encountered that would require the orbiter to land without deploying the Agena and its
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attached payload. This capability is also desired on the pad during the launch countdown,
when the vehicle is vertical. Consideration was also given to extending dump capability
to all ground operating periods, including periods when the fueled Agena is horizontal.
However, since no demanding situations could be identified in support of horizontal

«

dump capability, no design modifications to the vehicle are planned.

The following design solutions were considered in the propellant dump evaluations:

—

~ e Use of existing flight dump capability
e Modification of fill system to permit dumping through existing lines
® Addition of tank penetrations and lines to permit horizontal-dumping attitude

Using the existing dump capability of the Agena would require 76 and 39 minutes
respectivély for oxidizer and fuel, assuming a constant tank pressure of 55 psia.
Dumping through the propellant fill lines can reduce the oxidizer and fuel dumping
times to 9 and 5 minutes respectively for sequential dumping and further, to 9 minutes,
if simultaneous dumping is selected. After these methods of dumping the propellants
were reviewed it was concluded that use of the present fill lines would result in ade-

quate dumping rates and would require the minimum of hardware modifications. These

dump lines are schematically shown in Fig. 3-14.

Prior expsrience supports simultaneous dumping as both safe and practicable. In this
case the oxidizer valve is opened first, and the fuel valve approximately 3 minutes later.
The Agena, for safety reasons, generally will not be pressurized to 55 psia while it is
in the orbiter cargo bay. For normal operation the full pressure will first be attained
during the automatic countdown procedure. For an abort case the tank pressure will

be raised to 55 psia as part of the dump routine.

At the completion of orbit dump the engine and tanks will be completely evacuated.
Although propellants will still be trapped in the multistart engine start tanks, this
condition is considered acceptable from a safety standpoint and there is no significant
weight impact. At present it is therefore recommended that these propellants not be

dumped.
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For orbital dump operation propellant location control must be provided by the orbiter.
An acceleration of 10”2 to 10_3g is required to keep the propellants settled in the aft
end of the propellant tanks.

The oxidizer and fuel lines could remain open throughout reentry; however, structural
considerations may require that a positive pressure be maintained in the tanks during

reentry and landing.

If repressurization of the tanks is required the helium pressurization system could be
modified to prevent complete loss of the pressurant gas during dump. The complexity
of this type modification may be undesirable; therefore, a system such as illhstrated

in Fig. 3-15 has been proposed. In this concept the helium sphere would not be re-
quired to supply the repressurizing gas. Following dump completion the PIVs would

be closed and high-pressure nitrogen gas contained in the attitude control system used
to pressurize the tanks on a blowdown arrangement. Flow control orifices would assure
proper differential pressure during the blowdown process. Fuel-oxidizer tank isolation,
necessary for system safety, although not shown in the illustration, would be provided
in the nitrogen supply lines. Redundant isolation of the high-pressure nitrogen would

also be desirable from a reliability and safety standpoint.

3.3.1.2 Dump Line Disconnect and Retraction Mechanism. The propellant dump lines

will be connected between the Agena fill couplings and the Agena service panel in the
orbiter cargo bay (Fig. 3-16). The dump lines will be fixed mounted at the service
panel and will have a quick disconnect coupling and a retraction mechanism at the Agena.
These retraction mechanisms are similar to those presently on the launch pad but re-
quire some modifications. The retraction mechanisms are mounted to the Agena/payload
support structure as shown by Fig. 3-16, which simplifies the Agena/payload mating and

orbiter installation and also eliminates one interface with the orbiter.
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The fill couplings for both IRFNA and UDMH service will require some modification.
The existing oxidizer interface seal will be changed from Teflon to either Viton A or
Nitroso rubber, and the UDMH interface seal will be changed to butyl rubber. This
change is necessary to eliminate the presently stringent torquing requirements between
the air-half (AH) ground-half (GH) Teflon interface seal and to eliminate a possible
leak source. This change,along with tighter dimensional control over internal com-
ponents,would eliminate the need for secondary torquing after mating.

A second change to the existing design would be a fixed poppet in the open position, so
that when the GH is mated to the AH, the AH poppet would be directly opened and would
remain opened for propellant dumping operations. This change would eliminate the
need for a sliding poppet shaft and the chance of secondary leakage. In addition, it
would eliminate the need for the nitrogen service port and subsequent nitrogen gas for

its operation.

A third change would be to integrate the connect and disconnect mechanism into the re-
tract mechanism so that the first few inches of retraction would affect the mechanical

disconnect of the GH coupling.

Another design feature would be a manual override that would disengage the latching
mechanism and allow a manual disconnect of the GH coupling. The manual override
in one motion would disconnect the latching mechanism disengage thedrive mechanism,

and retract the coupling a minimum of 12 inches.

Inner Support Tube. This member would attach to the GH coupling and slide inside the

outer support tube. The member would position and support the GH coupling as it is
mated to the AH, and would provide the free end attachment for the electric driven ball

bearing screw assembly.

Outer Support Tube, Support Bracket, and Tube Brace Support. These itéms provide

the structurai support for the inner support tube and would attach to the Agena support

. cradle.
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Drive Mechanism. A ball-bearing screw assembly shall be used to retract the coupling.

The ball screw assembly will be driven by an electric motor and powered by the orbiter

on-board electrical system.

3.3.1.3 Propulsion Ground Support Equipment. The Agena is designed to be in a verti-

cal attitude for propellant loading. A view of a typical propellant-loading operation is
shown in Fig, 3-17. In this view the Agena is mated to the booster with umbilical plumb-
ing shown attached. At liftoff the plumbing connections are disconnected from the Agena

and are pulled clear of the vehicle, along with the umbilical mast.

In the shuttle application, remote disconnect of the fuel and oxidizer lines at-liftoff
would not be at the Agena interface, but rather at the interface with the orbiter and the
dump lines leading to the receiver tanks (Fig. 3-18). A second interconnect between
the Agena and its cradle-mounted plumbing would be remotely disconnected at the
time of orbital deployment. These disconnections will involve dry lines and present

no problems from a desigh standpoint.

Since the Agena will be fueled before it is installed in the orbiter, the fill-line dis-
connects will not require flyaway type connectors and will not require remote actuation.
Fueling will be with the vehicle in the vertical position. Following fill-line disconnect
and verification of system integrity, the vehicle will be returned to a horizontal attitude
for installation in the orbiter. Since normal tank vents will be submerged in this posi-

tion, tank pressure must be controlled through temperature conditioning of the vehicle.

The existing Agena proplusion GSE is shown schematically in Fig. 3-19. With the ex-
ception of the vehicle disconnects the system is representative of the Agena space tug
configuration. The propellant loading sequence begins by first loading about 10 percent
of fuel, after which a hold is made to assure a liquid-tight system by monitoring the
vapor sniffers located below the Agena. The next step is to load 10 percent of oxidizer
and make a similar hold and monitor operation. Following this, the fuel and oxidizer
tanks are filled from their respective propellant transfer units. The helium pres-
surization spheres are then loaded, although the pressurization sphere loading may

be delayed for safety until the Agena is ready for installation into the shuttle,
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since vehicle attitude is not important for gas loading. If the regulated pressurization
system is used, the helium sphere may be partially pressurized following propellant
loading and before separation of the tank vent and fill disconnects. The sphere can
then be fully pressurized when the vehicle is ready for shuttle installation. Full-
sphere pressurization just prior to Agena deployment from the shuttle can also be

considered.

The propellant is recirculated in a propellant transfer unit for temperature conditioning.
The required probellant loading weight is set on the unit scales, and this unit automati-
cally stops pumping propellants to the Agena at the preset vé.lue. The weight of propel-
lants required to fill the GSE plumbing is properly accounted for.

3.3.1.4 Engine Attitude. The best position for the engine while in horizontal position
is for the gearbox to be in the 6 or 12 o'clock position (looking forward). In this posi-
tion the oil level is below the oxidizer and fuel pump shaft seals, and no leakage can

occur.

With the gearbox in the 3 o'clock position (looking forward) there is oil along the fuel
pump shaft and seal when the pitch angle is from 10 deg nosedown to 90 deg noseup.
There should be no significant problems in this attitude, although minor leakage can
occur over a 3- to 4-week period. The fuel seal drain cavity line would have to be

monitored.

If the vehicle is in the 9 o'clock position, the position currently selected for shuttle
installation, there is a possibility of leakage through the oxidizer seal. One way to
prevent this leakage is to apply pressure to the oxidizer pump lip seal whenever the
seal is submerged. This can be done in a manner similar to the procedure currently

used. The oxidizer pump seal drain cavity would have to be monitored.
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3.3.2 Mission-Related Propulsion Design Requirements

The Agena propulsion system must fulfill the requirements of the three reference

missions specified in the study guidelines:

a. Geosynchronous Mission — a two- or three-burn mission to transfer a

payload to synchronous equatorial orbit.

b. Interplanetary Mission — a single-burn mission to place a Viking-type

payload on a planetary transfer trajectory.

c. Low Earth Orbit Mission — a multiple-burn mission requiring return to the

deployment orbit after 30 days.

The total time for that portion of the interplanetary mission in{rolving the Agena space
tug would be very short. The single-burn would require only about 4 minutes, preceded
by a nominal prestart hold no more than one orbit rev (about 87 min) to reach the cor-
rect position for initiating the propulsion maneuver. The basic propulsion system,
modified only for shuttle compatibility, would fulfill all of the requirements of this

mission.

The synchronous equatorial mission is a short-duration mission spanning only 15 hours
from deployment to completion of third burn. Agena three-burn capability, using solid-

propellant start cans, has been demonstrated in prior missions and is a qualified system.

The synchronous equatorial orbit mission will have a short-duration second burn if a
phasing orbit is used. Under conditions of low acceleration, short-duration burns can
cause problems for subsequent burns in that the propellant sumps would not refill suf-
ficiently to satisfy restart requirements. The reference mission acceleration data
shown in Table 3-3 indicate acceleration levels of approximately 2. 0g during this burn,

so that unless the burn time is very short, adequate refilling can probably be expected.

The low earth 6rbit mission will impose propulsion requirements not within the capa-
bility of the basic ascent Agena system. The requirements for 30-day lifetime, multi-
ple restart, and combined short-duration, low g burns indicate that modifications will

be required in the engine, pressurization, and propellant management systems.
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Table 3-3
TYPICAL REFERENCE MISSION ACCELERATIONS

Reference Mission Acceleration (&) BNomin.al lf{’g)r?:ilrll?r?gt
urn Time
and Event Startup Shutdown (min) at St(lllllat;down
Synchronous Equatorial
Burn 1 . 0.90 1.95 3.0 3834
Burn 2 1.95 2. 00 0.1 3623
Burn 3 2.00 3. 62 1.1 .0
Interplanetary Mission
Burn 1 0. 82 2,84 4,2 0
Low Earth Orbit Mission
Burn 1 0.41 0.47 1.6 8644
Burn 2 0.47 0.57 1.9 2623
(Deploy PL1)
Burn 3 1.01 1.05 0.2 1983
Burn 4 1.05 1.08 0.1 1456
(29-Day Coast) ,
Burn 5 4 1.09 - 1.14 0.3 718
Burn 6 1.14 1.21 0.2 0

3.3.2.1 Multistart Capability. The multiple-start requirements of the low earth

orbit mission can be satisfied by incorporating the Gemini 8247 engine start system
into the 8096 engine. A schematic of the Agena propulsion system with the multiple

start engine incorporated is shown in Fig. 3-20,

In lieu of a pyrotechnic starter system, the multiple-start engine incorporates start
tanks that are initially charged with propellants on the ground. The propellants in the
oxidizer and fuel start system are contained in these tanks and in the lines between
their respective upstream check valves and downstream gas generator solenoid valves.

The remainder of the engine is dry.
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At engine start the gas generator solenoid valves are opened and the pressurized start
tank propellants initiate the engine start. During the engine steady-state operation,
the start tanks are recharged with propellants; following shutdown they are ready for

the subsequent engine start.

An electronic gate, shown schematically in Fig. 3-21 is part of the qualified multi-
start system; it protects the engine against turbine overspeed if a valve or system
failure occurs that would unload one or both of the engine pumps. With an unloaded
pump, the start tanks will discharge into the gas generator, causing increased turbine
speed. The electronic gate, sensing the overspeed, closes the gas generator solenoid
valves. Further start attempts can be accomplished by proper electrical interface cir-

cuitry design.

The hardware required for the multiple-start engine consists of the start tanks, gas
generator solenoid valves, check valves, and electronic overspeed control box.

The designs for the start tanks are available; however, the production capability of the
manufacturers of the tanks, bellows, and fill valves must be reviewed. One or two
new vendors may be required for the gas generator solenoid valves and the check
valves., The electronic gate will require modifications to the existing baseline vehicle
interface circuitry. Electrical and pressure test consoles (GSE) are not available, and
fabrication of two sets is requi;‘éd for start tank loading and electrical interface checks

on the ground while mated.

The start system is qualified for 38 days wet. The estimated 18 days on the ground
and 30 days in space for the low earth orbit mission would exceed this slightly. A
demonstration test may be required for requalifying for more than 38 days. The rest

of the engine is qualified and no problem is envisioned.
For the 30-day orbit life requirement, the capability of the existing gearbox/lubrication

system for raultiburn ai)plication over 30 days of orbit life was evaluated; relevant data

follow.
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A lubricating kit was qualified and flown on early Agena flights (1960-62) to provide
positive assurance of é filled gearcase at second start. Prior to this start, after the
long coast of several weeks, a pyrotechnic valve was fired to inject 150 cc of lubricating
oil into the gearcase from a pressurized cylinder. These flights were successful. How-
ever, subsequent test experience and further review of vapor pressure data indicate that
the gearcase would not be dry after a 30-day exposure to a vacuum environment. In one
vacuum exposure for 30 days, the gearbox lost approximately 1 cc of 150 cc total. In a
356-day vacuum exposure test, a 6-second firing was successfully completed without re-
lubrication. In one test with only a film of oil, a 200-second firing of the 8096 turbine
pump assembly was completed successfully., The MIL 7808B synthetic lubricating oil
used in the gearbox has an allowable evaporation rate in a vacuum of 10_7 gfams per
em2 per second at 85°F. At this temperature the oil vapor pressure is approximately
1.5x 10—6 torr. With this low vapor pressure and evaporation rate, calculation shows
that the 150 cc of oil normally in the gearcase would be evaporated in 30 days. How-
ever, available test data show this is not true, and even in the worst case the present
configuration gearbox, without the lubricating kit, should contain at least a film lube

at the end of 30 days. Three Agena flights on a recent program have demonstrated
6-second second burns following 21-day coast periods without a relubrication kit, On
the basis of the above information, the probability is high that the current design can
accomplish this mission without the use of the relubrication kit. However, this condi-
tion will have to be demonstrated in a turbine pump assembly by a simulated mission
life test, which will include tests with the relubrication kit as well as with only a film of
lubricant in the gearbox. This would validate the present configuration gearbox lubri-
cating capability for the low earth orbit mission, as well as possibly qualify the current

design for use without the relubrication kit,

The allowable leakages of 8247 engine start system components are shown in Table 3-4.

Engine weights with and without the multistart system are compared in Table 3-5.
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Table 3-4
MODEL 8247 COMPONENT ALLOWABLE LEAKAGES

START SYSTEM CHECK VALVES: N9 GAS AT

(Fuel and oxidizer) : 10-15 psig 950—990
Upstream poppet 1 SCCM 1 SCCM
Downstream poppet ‘ 1 SCCM 1 SCCM

If gas leakage occurs, a liquid leak check is performed; no liquid leakage is allowed.

GAS GENERATOR SOLENOID VALVES Ny GAS AT 1450 TO 1500
(START SYSTEM):

(Fuel and oxidizer) »
Qutlet 6 SCCH when checked for 15 min

PUMP AND MAIN VALVE LIQUID
LEAKAGES — STATIC

— Fuel Pump Primary and POSV at 6.2 SCCM
70—175 psig
— Oxidizer Pump Primary at 5,0 SCCM
70—175 psig . ' '
Table 3-5

COMPARATIVE ENGINE WEIGHTS

8096 engine with

8096 multiple start system
DRY 296 317
WET 307 329
Basic 8096 Grains 1.08 1b each
Igniters 0.58 1b each
8096 with multiple Start Tank Propellant Weights
start system Fuel 3.05-GAS (N,) 0.30
Oxygen 0.97—GAS (N2) 0.05
Fuel and Oxygen trapped in start system
lines 0.171b

Engines with starting propellants, but no grease, oil, and no oxygen or fuel in pump
discharge lines or pump housings

Basic 8096 299.3 1b

8096 w/multiple

start system 321.51b
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3.3.2.2 Mission Performance Requirements. Definitive performance requirements

related to the Agena space tug missions cannot be determined at this time, because of
the lack of specific payload definition. However, examination of the presently avail-
able mission models does indicate a number of missions with a heavy payload to a high-
energy orbit. This is especially true for synchronous equatorial missions. The 8096
engine with a 45:1 expansion nozzle has a nominal specific impulse of 290. 8 sec. At
present an improvement program has been initiated that could increase the specific
impulse up to 310 sec. This improvement program is being considered for other Agena
programs and, if incorporated, will become standard equipment and should not be con-

sidered as a modification for the tug application.

This increase in performance will be accomplished by the following modifications to

the propulsion system:

a. Substitute a -1 injector for the present injector
b. Use a higher density acid (HDA)

c. Increase the nozzle expansion ratio

These changes to the propulsion system will not significantly affect the Agena con-
figuration, except for the nozzle extension. The use of high-density acid on flights not
requiring restart has been demonstrated and its performance gain verified. Effects of

higher vapor pressure on restart must be examined.

If a larger expansion ratio nozzle is used it will be necessary to relocate some of the
structural members of the aft rack to accommodate the larger nozzle and thrust cham-
ber. However, these modifications will become standard configuration and should not

be considered as Agena modifications for the tug application.

Some performance degradation will result from the increase in propellant temperature
from 60°F to 75°F, because of the decrease in the propellant weight that can be loaded.
The capacity decrease will be approximately 151 pounds for IRFNA-fueled system and
170 pounds for HDA-fueled systems. This performance loss is partially offset by an
increase in specific impulse (approximately 0.6 sec) at the higher temperature. Use

of HDA will also result in an increase in propellant residuals due to an increase in
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bias allowance and to the higher density and vapor pressure. Preliminary estimates
indicate a residuals weight of 72 pounds, approximately 24 pounds greater than with
IRFNA., '

3.3.2.3 Pressurization System. The orifice flow controlled blowdown type pressuri-

zation system for the current baseline Agena is acceptable for the interplanetary or
synchronous equatorial missions, which have first-burn durations greater than 100
seconds. However, for the low earth orbit mission in which the first burn may be

less than 100 secdnds, the pyro-operated helium control valve would continue gas flow
into the propellant tank following engine shutdown, resulting in overpressurization of the
propellant tanks. A motor-operated valve (used on SOlA Agenas) or a regulated system
with relief valves (used on the Agena B vehicles) would be capable of preventing over-

pressurization of the tanks.

The motor-operated valve would open at 1.5 seconds following MPR of first burn. The
pressure characteristics would then be normal. However, for a first burn duration of
less than 100 seéonds, the sphere and tank pressures would remain essentially constant
following engine shutdown and valve closing. The valve may not necessarily be opened
for second burn if second burn is of short duration. When the valve is opened for a sub-
sequent burn it can be left open if the accumulated engine burn time exceeds approxi-
mately 100 seconds. The motor-operated valve provides considerable flexibility and
would satisfy the requirements.of presently envisioned Agena space tug missions. The
motor-operated valve must be sequenced (modified electrical interface) and does not

have the automatic regulation control of the regulated system.

A schematic of the regulated pressurization system used for Agena B flights is shown

in Fig. 3-22. This system is considered because of its compatibility with the emergency
dump requirements. The vent circuits consist of fuel and oxidizer vent relief valves.
The fuel vent valve provides pressure relief for the fuel tank. The oxidizer vent valve,
in addition to providing pressure relief for the oxidizer tank, senses fuel tank pressure

and protects the tank bulkhead against reverse pressure by venting the oxidizer tank.
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3.3.2.4 Propellant Management System. For the low earth orbit missions the

combination of low-acceleration and short-duration burns with low propellant quantities
remaining in the tanks will probably result in insufficient propellant sump refilling if
the propellants are disoriented forward prior to restart. This problem can be overcome

by resizing the sump screens or incorporating passive propellant retention baffles.

Assuming full shuttle orbit delivery capability of 65,000 pounds, it is possible to con-
ceive Agena space tug missions with payloads in the 40- to 50, 000-pound range. Accel-
eration levels for éuch missions would range from 0.25g to 0.04g and could impose
propellant management problems considerably more severe than for the reference
missions considered in this study. Therefore, to ensure maximum mission flexibility
for the Agena space tug, the propellant-retention system redesign should be deferred
until the complete specfrum of missions and payloads can be better defined.

3.3.3 Integrated Propulsion System

A standardized Agena propulsionsystem design capable of satisfying all conditions,

based on shuttle compatibility and mission requirements, is the obvious goal to be
pursuéd. From the analyses conducted in this study it appears the goal can be satisfied,
although use of kits such as the relubrication kit to satisfy certain infrequent mission
requirements may prove to be more desirable in preserving basic system simplicity

and reliability. From this standpoint, the following summary of propulsion modifications

offers the most promising solution.

Use of existing propellant fill lines for abort dumping of Agena propellant has the least
impact on the system and satisfies the goals established for dumping time. Tank re-
pressurization after dumping is recommended, with design modifications incorporated

to permit use of the high-pressure nitrogen source for the attitude control thrusters.
As much as possible of the existing Agena GSE should be used; however, some changes

related to the scheduling of propellant loading in advance of orbiter mating and to

plumbing and pressurization system modifications will be required.
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Incorporation of the multiple restart engine and associated pressurization and propellant
management modifications is favored for all missions. This system will provide maxi-
mum mission flexibility by eliminating potential problems related to the number and
duration of burns. A regulated pressurization system is probably best suited to the
varied mission requirements. Propellant retention-system modifications should be

common, but cannot be specifically designed at this time.
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3.4 GUIDANCE AND ATTITUDE CONTROL SUBSYSTEM

A design study was performed to establish a baseline guidance and control system for
the Agena space tug vehicle. In this application, the Agena will be carried in the
shuttle cargo bay and injected into a 100 nm circular orbit. The Agena will then be
used as a tug to ferry payloads to and from other orbits. The specific design missions
to be accomplished by the Agena follow:

a. Synchronous Equatorial

b. Planetéry Probe

c. Long-Duration Multi-Orbit (Dual burn to 600 nm circular sun synchronous
orbit, separate a payload, dual burn to 400 nm circular, provide a stable

platform for 30 days, dual burn down to 100 nm circular)

Design objectives for selecting the guidance and control system included maximum
utilization of existing, flight-proven hardware, and minimizing the requirements im-
posed on the shuttle interface.' In accordance with these ground rules, primary em-
phasis was placéd on the existing ascent guidance system (AGS) used successfully for
ascent guidance, and the dual attitude control system (DACS) used for long-term, on-

orbit missions.

3.4.1 Ascent Guidance System

The inertial AGS, which was developed for the ascent Agena vehicle, has sufficient
capability and flexibility to be used as the guidance system for the Agena space tug
application. Although some hardware modifications will be required and additional
equipment will be needed to augment its capability and to provide compatibility with
the shuttle system.

The AGS consists of an inertial sensor assembly (ISA), a guidance computer (GC),
flight control electronics (FCE), hydraulic actuators for thrust vector control, and a

pneumatic system for attitude control during coast phases and on-orbit attitude

stabilization,
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3.4.1.1 Ascent Guidance System Hardware. The AGS system is a strapdown inertial

guidance system that has been successfully flown on an Air Force mission. A basic
block diagram of the system is shown in Fig. 3-23. The ISA is a three-gyro, three-
accelerometer, nonredundant package with an accelerometer quantization of 0.27 ft/
sec and dual gyro quantizations of 6.3 arc sec and 55. 4 arc sec. The characteristics
of the computer and sensor assembly are summarized in Tables 3-6 and 3-7. Twenty-
one of the output discretes can be safed by hardware circuitry; these are presently
used for pyro functions. The guidance computer provides steering signals to a flight
control electronics assembly to control two hydraulic engine actuators and six cold-
gas pneumatic thrust valves. The signals to the actuators are analog, and those to the
thrusters pulsewidth modulated. For present missions, pulsewidth-modulated signals
,are also supplied to the booster stages. The computer also generates all necessary

vehicle discretes, and formats output for a PCM telemetry system.

3.4.1.2 AGS Software (Flight Program). The AGS flight program is stored in the
airborne computer during flight. It includes functions required during the countdown

as well as those required during ﬂight'. A functional block diagram of the flight pro-

gram is shown in Fig. 3-24,

The functions utilized during countdown permit automated vehicle checks, on command,
to verify the health of the vehicle., The ability to dump the contents of memory to a
ground computer so thaf it may be verified on a bit-by-bit basis by ground support
software is included. In additibn to the test function, a flight initialization routine
aligns the strapdown system. This is the software equivalent of platform leveling and
azimuth orientation determination. Provisions are made to inpht an optically deter-
mined azimuth correction during sensor alignment to reduce the initial azimuth un-

certainty from 30 arc minutes to approximately 3 arc minutes.

The flight functions include the navigation and control processes necessary to place
the vehicle into the desired orbits with the desired orientations. This information is
transmitted to the program via the use of target and constants tapes utilizing a single
flight program. Only minor modification to the existing software would be required

to support the specified space tug missions.
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Table 3-6

HONEYWELL 501 GUIDANCE COMPUTER CHARACTERISTICS

Memory Capacity
Word Length
Memory Cycle Time
Add Time

Multiply Time |
Index Registers
Instructions
Arithmetic Type

Input

Outputs

Weight

Power Requirements

Size

8,192 Words

20 Bits

2 Microseconds

4 Microseconds

24 Microseconds

4

63 Instructions

Parallel, Fixed Point, Two's Complement

Interrupts: 9 + 3 Progra.mmed Interrupts

12 Sensed Discrete Inputs Which May be Sampled by
Software-

A/D Conversion: 2 Channels

Pulses (100-millisecond duration) Discretes: 64

Variable (10 milliseconds — 4, 000-second duration)
Discretes: 64

Digital/Analog Conversion: 3 Channels
Telemetry, Parallel In/Serial Out: 24 Bits
Simulated Torquing (gyros)

48 Pounds

150 Watts (Maximum 50% Read/50% Write)
127 Watts (Maximum Standby)

12.2 x 16.85 x 9.75 Inches
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Table 3-7
INERTIAL SENSOR ASSEMBLY CHARACTERISTICS

SENSOR COMPLEMENT

Gyros
® Three Honeywell GG334A-8 Gyros
e Pulsed Rebalanced
e Single Degree of Freedom
e Rate Range: +25%/sec
e Granularity, Low Range: 6.2947 sec
High Range: 56.3576 sec

Accelerometers
® Three Honeywell GG177-P5 Accelerometers
e Pulsed Rebalanced
® Acceleration Range: x15g-
e Acceleration Threshold: 1 x 10-5g
e Scale Factor Resolution: 0.27-:1% Foot per Second
e Pulse Rate: 1,800 Pulses per Second

PHYSICAL CHARACTERISTICS

e Weight: = 38 Pounds
e Power: 125 Watts
e Size: 12 x 16.5 x 5 Inches
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The Flight Program accomplishes control through the use of six cycles:

a.

C.

€.

Strapdown Algorithm. A hardwired macro-instruction that converts the ISA

sensed body acceleration and rates into an inertial reference frame thrdugh
the use of a body to inertial direction cosine matrix and an inertial velocity
change vector. ‘

Instrumient Compensation. A software routine that corrects the inertial

reference established by the strapdown algorithm to account for measured

instrumentation errors determined from a series of calibrations.

Navigation and Guidance. A routine that determines the vehicle inertial

position and velocity and computes the conditions necessary to satisfactorily
attain the desired terminal conditions. The conditions computed include the

desired vehicle attitude history and burn durations.

Steering. Converts the instantaneous difference between the vehicle attitude

and the desired attitude into a commanded vehicle attitude rate.

Flight Controls. Converts the difference between the current vehicle atti-

tude and rate and the desired attitude and rate into commands to the engine

actuators and pneumatic valves.

Discretes. This routine controls the initiation and termination of engine
burns and such other housekeeping functions as tank pressurization, propel-
lant isolation; and tape recorder on and off. Sixty-four computer-issued
discretes are available and may be issued on one of five criteria: (1) time
from a specﬁied event; (2) angular momentum; (3) radius; (4) range angle;
and (5) energy. Twenty-one of these discretes can be safed by a hardware
switch, so that they will not be issued even if commanded by the computer.
These are used for pyro functions.

As indicated in Fig. 3-24, the capability for booster steering now included in the AGS

program may be deleted for space tug applications.
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3.4.2 AGS Application to Space Tug

3.4.2.1 Mission Requirements. The AGS system was designed as an ascent system.

However, two of the three space tug design missions (the synchronous equatorial mis-
sion and the planetary probe) are essentially ascent missions, and the AGS capability
is therefore directly applicable. For these missions it is necessary to design only the

appropriate Agena/shuttle interface.

The AGS system could also be used for the long-duration, multi-orbit desigh mission,
particularly to control the powered-flight and short-coast phases of the mission. How-
ever, added redundancy would be required to meet the guaranteed lifétime réquirements.
Also, the AGS power requirements become extremely high for 30 days of operation. It
is therefore appropriate for this mission to add another system with the primary function
of providing attitude control over long coast periods. In addition, a limited command
system would be required to turn the AGS system on and off, provide updated ephemeris

data, etc.

One method would be to include the complete DACS in its present form to augment the
AGS system. The DACS (Fig.. 3-25 and 3-26) consists of a velocity control assembly,
sequence timer, gyro reference assembly, augmented electronic assembly, and hori-
zon sensor assembly. In this case, control of the vehicle will be transferred from the
AGS to the DACS system after the spacecraft orbit has been established. The guidance
computer and the inertial sensbr assembly can then be turned off until just before the
final orbit maneuvers. This combined system is shown schematically in Fig. 3-27;
however, the velocity control assembly and the sequence timer have been removed

from the DACS, since they are not needed for this application.

Another method would be to add only the horizon sensor unit from the DACS system.
Output from the horizon sensor would then be fed to the guidance computer, together
with the output from the inertial sensor assembly, This would represent a saving in
control system weight of approximately 100 pounds, but it has the disadvantage that
the inertial sensor assembly and the guidance computer must run continuously for

30 days. Also, since the power consumption will be high, the additional power supply
weight may offset any gain from eliminating the DACS.
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A third method would be to use only the horizon sensor unit for attitude control and

feed the output directly to the flight control electronics. This will require additional
electronic equipment between the horizon sensor assembly and the electronics assembly,
but it has the advantage that the main guidance components can be turned off for long
orbit stay times, which will significantly reduce power requirements and increase the

reliability of the guidance system.

Lockheed is presently flying the DACS on Air Force missions requiring on-orbit life-
times of 30 to 60 days. It has been evaluated and found suitable for use on fﬁture mis-
sions of considerably longer duration. It is basically a redundant form to the Standard
Agena system, which has flown on more than 300 vehicles, including all of the NASA
Agenas, For the space tug configuration, the velocity control assembly and extended
command system, which is a highly secure and complex system, may be deleted.
Doing this results in a weight savings of 153 pounds and a saving in power of 70 watts,
This is indicated in Fig. 3~-25.

Combining DACS with AGS (parts list m Table 3-8) will enable lifetime requirements
for the 30-day mission to be met. The high-accuracy AGS system would be used during
powered flight and short coasts. During the long on-orbit periods of a mission, AGS
would be shut down to conserve power, and the DACS system would be used. Several
components, such as thrust valves, are common to both systems. Therefore, the total
weight and power would‘be less than the figure obtained by simply adding the weights

and powers for each system.

The only addition necessary for shuttie compatibility is a connection to an Agena/payload
service panel in the orbiter. Some components, such as the telemetry system and elec-

tronics assembly, would have to be modified to be made compatible with both systems.

While the combined AGS/DACS system will meet the objectives of the space tug mission
with existing hé.rdware, new computers, and instrument packages combining low weight,
low power, and high reliability are currently in various stages of design or fabrication.
Utilization of a fourth-generation computer in place of the current AGS computer, for
example, could provide a single system that provides the same capability as the com-

bined AGS/DACS system, with much reduced power requirements and weight.
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Table 3-8
GUIDANCE SYSTEM LMSC PART NUMBERS

AGS:
Inertial Sensor Assembly 1460976
Guidance Computer _ 1460977
DACS:
Gyro Reference Assembly 1464439
Horizon Sensor 1464440
Orbital Electronics Assembly 1387591
Augmented Electronics Assembly 1387593
Telemetry System 1462182
Command System (GFE)
Extended Command System 7638786%
Minimum Command System 7638725%
Readout Decoder 7642204%

*GFE Drawing Numbers

3.4.2.2 Integrated Test Program. The Integrated Test Program (ITP) is presently

used with AGS for complete vehicle checkout prior to launch. It is used for end-to-
end tests, subsystems checkout, and troubleshooting. With some modification, it or

a similar program could be used for a final status check before the Agena is separated
from the orbiter and for periodic health checks on orbit. The ITP would have to be
integrated with the flight program for this usage. That would not represent a major
change, since the flight program already contains portions of the ITP for use in count-

down testing.

The ITP is discretely automated, rather than being a single automatic test sequence.

There are several reasons for this:

a. It is intended not only for end-to-end tests but also for detailed subsystem
checks. Changes in test area setup or vehicle orientation are often desirable

between tests.
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b. 1t is considered desirable to do a preliminary evaluation of the data from

one test before proceeding to the next.

c. It is also used for troubleshooting.

The ITP contains 114 tests. Of these, 86 merely command discretes on or off. Ten
of the 28 true tesis have capability for specifying test parameters (e.g., test duration,
gyro torquing rates) via typewriter at time of test. A data tape, similar to the flight
program constants tape, provides capability to change simulated flight sequences,
flight control parameters, geographic constants, and ISA compensation paraméters

without altering the basic program.,

Figure 3-28 is an example of the various levels of testing possible with the ITP. Inputs
can be supplied to the pneumatic flight control system at four points. At the simplest
level, a voltage is applied directly to the thruster solenoid. Commands are available
that will turn on only one specified thruster for a specified length of time or that will
apply a timed sequence of pulses to each thruster in turn. At the next higher level,
numbers may be loaded directly into those computer memory cells wherein body rates
are stored. These rates are then processed through the flight control software, causing
the thrusters to fire in a predictable manner. To provide a more complete end-to~end
check, it is possible to apply torquing commands to the gyros. The gyro responses are
again processed through the flight control software, causing predictable responses.
Finally, as an end-to-end polarity check, the vehicle is physically rotated through
small angles about each axis, A special software routine facilitates easy monitoring

and interpretation of the pneumatic thruster responses.

To support system checkout and to monitor the vehicle performance and safety during
flight, a number of diagnostic sensors will be included. Sensor output will be checked
by the guidance computer and the information will be stored so that the time history of

a given parameter can be reconstructed if desirable. A preliminary list of sensors

follows:
Fuel tank pressure Thrust chamber pressure
Oxidizer tank pressure Turbine speed counter

Fuel tank/oxidizer tank differential pressure N2 gas valve temperature
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Fuel tank temperature : Hydraulic oil pressure
Oxidizer tank temperature IAS input voltage and current
Helium tank pressure Computer voltage and current
Helium tank temperature Main bus voltage and current
N2 tank pressure Gyro bus voltage and current
N2 tank temperature Gyro temperatures
Fuel/oxidizer leak detectors Accelerometer data output
Oxidizer pump inlet temperature (prelaunch and deployment)
Oxidizer pump inlet pressure ' Fuel pump inlet pressure ‘

3.4.2.3 Alignment. The Agena guidance system will be aligned independently from
the shuttle guidance system; procedures sirhilar to those currently employed with
expendable booster flights will be used. No modifications are required in the Agena
guidance system, although GSE for precise azimuth alignment may be required for

missions that require accuracy better than that available by gyrocompassing.

3.4.2.4 Guidance System Update. The Agena guidance system can be updated before

deployment from the orbiter and during the Agena flight phase by transferring guidance

constants and commands from the orbiter computer. .

The following requirements would be imposed on data transferred from the shuttle

computer to the AGS computer:

+0.5V

e Format: 20 bit words, transferred sequentially; ldgical 1 = +5V 2.5V

logical zero = <2.5V
e Maximum bit rate: Up to 1 million bits/sec
e Minimum bit rate: N/A

e Minimum spacing between words: 0.15 msec (could be reduced to 0.02 msec

by AGS software modification if necessary)

e Maximum spacing between words: N/A
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3.4.3 Orbit Accuracies

Predicted one-sigma dispersions in orbit parameters are presented in Table 3-9 for
the three design missions, based upon the use of the AGS. For the multi-orbit mis-
sion, only the errors into the 600 nm circular orbit were generated for this study.
However; since there will be command capability to provide updated ephemeris data
to the guidance computer, it is expected that the results shown for the 600 nm circular
orbit will be applicable to the other low earth orbits specified. For purpose of the
analysis it is assumed that the AGS navigates from the ground up, that no optical azi-
muth corrections are available, and that no attifude, position, or velocity updates are

received from the orbiter prior to separation.

Table 3-9 .
AGS AGENA 1-SIGMA INJECTION ERRORS
Planetary
Synchronous |600 nm Circular| (Mars—

Mission: Equatorial [Sun Synchronous Viking)

Inclination (deg) 0.0492 0.0681 0.00527

Eccentricity 0.772 x 107°| 0.200 x 107> |0.287 x 1075

Period (minutes) -2.08 ~0.10 -

Apogee Altitude (nm) 33.31 2,38 -

Perigee Altitude (nm) -38.83 ~2.38 -

Velocity (ft/sec) - - 3.15

Flight Path Angle (deg) - - 0.620 x 10°°

Azimuth (deg) - - 0.0421

3.5 ELECTRICAL POWER SUBSYSTEM

The Agena tug electrical power system requirements and resulting design are direct

functions of the mission power profile. Direct current power to support' prelaunch and

captive flight requirements are provided by the orbiter through the Agena/payload

service panel located in the orbiter cargo bay.

Just before deployment the Agena and

payload are switched to internal power by command from the Agena tug specialist

station located in the orbiter crew compartment. At this command the Agena tug pro-

vides electrical power to all Agena subsystems.
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The electrical power requirements of the payloads have not been defined and therefore
are not included in the following discussion. It may be assumed that the payloads are

self supported with respect to electrical power.

3.5.1 Power Requirements

Prior to deployment electrical power will be supplied to the Agena and its payload by
the orbiter. Orbiter power is 30 to 40 VDC, with a minimum allowance of 50 kw-hr,
The 30 to 40 VDC will be stabilized and regulated at 28 VDC by a DC-DC converter
and regulator located in the Agena/payload service panel for use by the Agena tug and

the payload.

Mission power profiles for the three reference missions are presented in Figs. 3-29,
-30, and -31.

These power profiles are based on a power consumption of 280 watts for the AGS and
60 watts for the communication system, except for the synchronous equatorial mission
which requires 135 watts because of the longer transmitting distance. During engine

burn periods an additional 103 watts are required to operate the propulsion system.

The interplanetary mission power profile (Fig. 3-29) will require only 340 watts average
power for a time period of 30 minutes followed by an increase to 443 watts for 4.2 min-
utes during the Agena main engine burn., Total power required is 170 + 31 = 201 watt-

hours for minimum battery energy capacity.

The synchronous equatorial mission power profile (Fig. 3-30) shows that, after deploy-
ment of the Agena from the orbiter, the Agena is dependent on battery power for approx-
imately. 15.4 hours. Average power requirement during this period is 415 watts. There
are also three Agena engine burn periods that result in an increase of 103 watts from the
battery supply. Each of these engine functions produces a peak power démand of 518

watts to be supplied by the battery. Total power required for this mission is 6400 watt-

hours.
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Fig, 3-29 Mars-Viking Interplanetary Mission Power Profile

3-75

LOCKHEED MISSILES & SPACE COMPANY



LMSC-D152635
Vol II, Part 2

(DAYS: HR:MIN)

5 1T AGENA
:0: A DEPLOYMENT -
0033 —— | 1ST BURN
100 NM
415 W
BATTERY
POWER 6.4K W-HR
0:9:41
e ——3518 W  2ND BURN
+ :
0:9:41.1 —
0:14:52.5
. 3= -
' 0:14:53. 6 ' " >N518 W 3RD BURN

Fig. 3-30 Synchronous-Equatorial Mission Power Profile
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Fig. 3-31 Sun-Synchronous Mission Power Profile
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The sun synchronous mission (Fig. 3-31) will require approximately 1550 watt-hours
of power between shuttle deployment and insertion into 400 nm circular orbit. The
average power requirement of 130 watts during the 30-day orbit stay period reflects
the reduced guidance demands of the AGS/DACS system operation. The final mission

phase — return to the 100 nm circular orbit — will require approximately 460 watt-hours.

The power reduirements for the synchronous equatorial orbit mission and the planetary
probe mission can best be satisfied by means of primary batteries. For the planetary
mission the standard ascent Agena silver-zinc battery weighing 32.2 pounds can be
used. The higher demands of the synchronous equatorial mission will require a larger
capacity battery weighing approximately 120 pounds. This battery is compatible with
the volume and structural constraints of the Agena and will not require modifications

for incorporation.

The longer, 30-day, mission would impose severe weight and volume penalties if primary
batteries are used. Therefore, it is proposed that a solar array system be employed to
provide power during the orbit stay and to recharge the battery pack for use during the
return to low orbit. A 52-pound rechargeable battery would be required for this opera-

tion plus the necessary solar panels, charge controller, and circuitry.

3.5.2 Circuit Design

A schematic diagram of the Agena space tug electrical power system for the two mis-
‘sions using primary batteries is presented in Fig. 3-32. The sun synchronous mission,
which will use solar panels, is shown in Fig. 3-33., The systems are basically the same,

except for the solar panels and charge controller.

The DC/DC converter accepts a 30 to 40 VDC input from the orbiter power source and
conditions and regulates this voltage to a +28 VDC, =1 percent output to the Agena power

distribution box and charge controller.

The power distribution box serves to accept and switch regulated +28 VDC power to the
using equipment. The distribution system provides the necessary fusing, switching,

and telemetry monii:oring points to control the power requirements,
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The charge controller functions mainly as a switching device, which accepts inputs
from a solar array and silver-zinc battery and enables either of these power sources
to supply vehicle power when power from the orbiter is removed. The charge con-

troller is controlled by realtime command.

Power is also supplied directly to the payload by the DC/DC converter through the
J-100 umbilical. Distribution of this power supply is a payload responsibility,

The power transfer switch is closed by command from the Agena specialist Station,
enabling the Agena load system to receive power directly from the DC/DC converter.
Once closed, the transfer switch contacts remain closed throughout the mission.
Power can be removed from the Agena by command (prior to deployment) if required
for vehicle safing in case of mission abort. After deployment no control of the transfer

switch is necessary or desirable.

Load current and vehicle structure current (return) are sensed at the return bus and
the current values conditioned for compatibility with the telemetry system. Concur-
rently the 28 VDC main bus voltage is sensed and provided to the telemetry system.

If requiréd, these sensed values can be paralleled and provided to the orbiter Agena

specialist display console through the Agena J-100 umbilical.

The charge controller nominally accepts input from either the solar array or battery.
At the moment of Agena/ spaceéraft disconnect from the orbiter, the battery assumes
the load requirement of the 28 VDC bus through contacts of K1 latching relay. A
power isolation diode, CR1, prevents the possibility of further charging of the battery
while the battery continues to serve as the 28 VDC source of power during the initial

stages of flight,

At the desired time in the flight program, a real-time command, 30-Day Program
Enable, derived from the vehicle command system energizes relay K1 to transfer the
load to the solar array. The solar array, having assumed the load, continues to provide
DC power to the load bus and simultaneously begins a slow recharge of the battery
through current limiting resistor, R1. Zener diodes VR1 through VR4 regulate the out~

put voltage from the solar array if the array itself tends to have a greater than 30-volt level.
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At the conclusion of the 30-day program, another command, 30-Day Program Disable,
switches relay K1 to again permit the battery to supply the vehicle load. The battery

continues to supply DC power to the Agena subsystems for the remainder of the flight,

The batteries used for the Agena space tug have sufficient wet stand life to permit a
2-week ground hold prior to launch without degrading the electrical power system per-

formance or reliability.

3.5.3 Equipment Requirements and Availability

A preliminary list of the required Agena electrical power system equipment and its
availability is presented in Table 3-10. Two equipment status symbols are used for
cabling, indicating that some of the required cables can be used as is and others will

require modification.

A DC/DC converter having an input voltage handling capability of 30 to 40 VDC and
regulated +1 percent, +28 VDC output of 600 watts* will have to be provided. Few
power supply vendors have flight-qualified hardware featuring this high a power output.
Those that do provide units of this power level are usually devoted to nonflight applica-
tions. One or two suppliers have indicated that a flight item could be produéed from
existing design, but consideration of modification and qualification to flight require-

ments must be pursued further,

Power distribution boxes have been developed for a number of LMSC programs. Most
promising of these, for purposes of adaptability to the Agena space tug is the Agena
baseline configuration distribution box. This box and the existing functions can be used
with only minor modification. Essentially all that is involved is some rewiring of the

power transfer switch.

The battery charge controller, required for the sun synchronous mission only, is a new

item requirirg development and qualification to produce a flight qualified item.

*No allowance has been made for payload peculiar power requirements; these needs
must be known before the DC/DC converter can be sized.
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Table 3-10

EQUIPMENT REQUIREMENTS AND AVAILABILITY

MISSION-PECULIAR

REQUIREMENT AND STATUS

LMSC SYNC MARS-
HARDWARE DESCRIPTION PART NO. MANUFACTURER EQUATORIAL SUN-SYNC VIKING
1. DC/DC Converter and _
Regulator TBD C C C
2. Charge Controller - LMSC
Relay - Leach
Relay ' LS 41004
Diode LS 41064
Not Not
Zener LS 41285 D
Resistor _ - Dale Needed Needed
Schmidt Trigger LS 41092
Buffer Amp LS 41077
Relay Driver - Motorola
Jan ZN 3444
3. Power Dist Box 1389613 LMSC A A A
. Power SW S-1 1062515
Current Sensor LS 41161-31
Current Sensor LS 41161-34
Voltage Mon 1389627
Pyro Diode 1390020
J1-J5 + J500 LS 41035
‘Not Not
4, Solar Array - LMSC Needed D Needed
5. Battery (Various) Various Ty ‘f H. Typ % VIA ’I‘yp: VB
6. Cabling - LMSC A and B AandB |Aand B
A — Existing hardware used as-is C — New hardware for shuttle compatibility

B — Revised for mission-peculiar requirement

D — New hardware for mission-peculiar requirement
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Photovoltaic energy devices for spacecraft power sources will probably continue to be
the prime candidate for most long-duration missions throughout the 1970 to 1980 period.
Solar arrays have therefore been selected for use in the power supply system for the
fong—duration (30-day) low earth orbit mission., LMSC-designed solar arrays will
-deliver electrical energy densities of approximately 30 watts pér pound of solar array
system. At present technology levels solar arrays are the lightest and least expensive

* power source available for power levels of 100 watts to more than 20,000 watts. The

sun synchronous mission requires on-orbit power in the 100-to-500 watt range.

Solar arrays, sun oriented to maximize output power, convert incident solar energy

into electrical enérgy at efficiencies of 8 percent to 12 percent.

For the sun synchronous orbit the orbit plane to sun relationship is not changing as a
function of orbit precession, thus simplifying the orientation of the solar arrays and
eliminating the necessity for sun tracking.

Two Agena solar array installation arfangements lend themselves to this mission., The
simplest reqﬁires that a given surface area of the vehicle skin be covered with solar
array modules, Any available flat or curved surface such as the propellant tanks could
be used. Curved surfaces, however, provide power as a direct function of the projected
surface area normal to the solar incident energy. Curved surfaces thus are inefficient
by a factor of —727- requiring approximately 50 percent more module area for a given

energy output.

An alternative choice would be to stow panels in a convenient place (probably on the
Agena aft equipment rack) and deploy the array after injection into the 400 nm orbit.

This method has been used by LMSC on several Agena and other spacecraft programs.
Figure 3-34 presents a typical Agena solar array installation in the deployed position.
For the Agena tug appiication only four panels of the illustrated type would be required.
Present Lockheed design, including all solar panel losses, typically have an array power
density of about 9.5 watt/sq ft. The above recommended array size is based on existing

flight hardware, provides 47.0 watts of power per panel at 77°F.
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The Lockheed-designed Flexarray, presently being developed, provides a 70-watt
modular building block panel. The honeycomb panel and flexarray substrate are illus-
trated in Fig. 3-35.

Before the main engine burn for return to low orbit is initiated, extendible panels would

either be retracted or jettisoned.

3.5.4 Main Electrical Umbilical

All of the electrical connections to the Agena, both with respect to electrical power and

data management will go through the main electrical disconnect, J-100.

The umbilical retract mechanism for the main electrical umbilical (MEU) will be simi-
lar to that used for the propellant fill couplings and will employ the same drive mech-
anism and structural elements. Existing electrical umbilical will be modified to adapt
the electrical interface to the space tug/payload application. Figure 3-36 shows the
design features of the retract system for disconnecting the orbiter power system from
the space tug vehicle. Modifications to the MEU will consist of removing the present .
center mechanism and replacing the connect/disconnect with an external latching mech-
anism. The new latching mechanism will contain a manual override which will allow a
manual disconnect. The manual disconnect will in one motion disconnect the MEU, dis-

engage the drive mechanism, and retract the MEU at least 12 inches.
3.6 COMMUNICATION SUBSYSTEM

The Agena communication system must be designed to be compatibie with the shuttle

system and its communication equipment.

A few of the most significant design requirements with respect to the communication

system (telemetry, tracking, and command) are enumerated below:

a. For normal conditions following deployment by the shuttle, any required
monitoring of telemetry data or command and control of the Agena vehicle
will be performed by available ground stations. As a design goal, the

shuttle orbit er should have the option of controlling and monitoring the Agena.
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Fig. 3-35 Solar Panel Construction
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b. The Agena communications system must be capable of supporting the

following typical missions:

Mission I — Synchronous Equatorial Orbit
Mission II — Interplanetary Injection

Mission III — Sun Synchronous Orbit with Return

c. Provide a command system for updating the Agena guidance sysfem subse-

quent to deployment of the Agena from the shuttle.

d. The Agena communications system must be compatible with the shuttle
communications and data display system, both prior to and subsequent to

deployment. (Refer to Item a.)

e. The Agena communications system must be compatible with unified S-band

ground support equipment.

Although the baseline Agena communication subsystem is not unified S-band compatible,
the requirement can be satisfied with equipment that is qualified by test and will require -

only minor modifications.

Prior to deployment 25 kbps and 63 kbps digital data will be hardlined from the Agena
to the orbiter. The Agena system design is based on the assumption that after deploy-
ment the orbiter will be able to receive 63 kbps digital data, provide realtime readout
of mission critical parameters, and relay all the data to the ground support stations

at 25 kbps by reprocessing the received 63 kbps data. If the above ‘is not possible,

the Agena PCM telemeter can be modified to provide two output rates: 63 kbps and

25 kbps. The 63 kbps rate would be used for direct communication with ground stations

and the 25 kbps rate for communications with the shuttle.

3.6.1 Configuration

The flight configuration and RF spectrum of the Agena communications (telemetry,

tracking, ard command) system are shown in Figs. 3-37 and 3-38. The vehicle data
are encoded by the pulse code modulation (PCM) telemeter, which biphase modulates
the baseband 1. 024 megahertz (MHz) subcarrier oscillator (SCO). The output of the

baseband is fed to the transmitter and then c oupled to the ascent antenna.
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Digital commands are received on the uplink through the antenna and multicoupler. The
receiver/demodulator output is processed by the decoder which has the capability of
supplying 64 realtime commands and updating the guidance computer, )

Tracking is accomplished through range, range-rate, and angle-of-arrival information.
The pseudo-random noise code (PRN) sent to the vehicle, then received again on the
ground, provides range data. The coherent uplink/downlink carrier doppler shift pro-
vides range-rate data., Angular position is determined from the apparent angle-of~

arrival of the modulated signals transmitted by the vehicle.

The Agena communications system is capable of transmitting the required RF informa-
tion to permit a rendezvous between the shuttle and the Agena. The information can be
transmitted to a ground station for computer processing and then relayed up to the
shuttle, or the shuttle can receive the RF data directly from the Agena. The Agena
transmits range and range-rate information; therefore, only one other parameter is
necessary for a rendezvous mission, angle-of-arrival of the Agena RF carrier. These
data are obtained as follows: a feed arrangement and comparator network combine the
signals from four feed horns to form a sum, or reference signal, and two orthogonal
error signals. When the shuttle or groﬁnd antenna is properly pointed at the Agena,
the output of the sum channel is at a maximum, and the outputs of the error channels
.are zero. Antenna misalignment produces error channel signals. The phase of these
signals, relative to the reference channel, indicates the direction of displacement;
their amplitude, for small displacements, is directly proportional to the angular

misalignment,

The shuttle/Agena communication interface is shown in Fig. 3-39. All cargo-bay,

~ deployment, and Agena/spacecraft monitors hardlined to the Agena/Payload service
panel will be processed by the standard interface unit (SIU) and relayed to the shuttle
data bus at a rate of 25 kilobits per second (kbps). The Agena telemetry output of 62.5
kbps is sent directly to the shuttle T/M encoder and then to the ground on the high rate

downlink. The Agena can be commanded via the data bus.

The individual components making up the communication system are described in the

following paragraphs.
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The Agena status data are time-division multiplexed and encoded by the PCM telemeter
Type IV and transmitted from the Agena via the baseband assembly unit, transmitter,
and antenna. Both the telemeter and J-box at the input to the telemeter have been-
qualified by test and have a successful flight record. The J-box provides a means to
implement signal conditioning circuits for monitors having a voltage level greater

than 5 volts. Also, monitors that must be supercommutated are jumpered within the

box.

The PCM telemeter encodes data into a non-return-to-zero level (NRZ-~L) af: a rate of
62.5 kbps. The main frame consists of 32 eight-bit words, which means the sampling

rate is

62. 5 kbits 1 word x L main frame _ 244 main frames
sec 8 bits 32 words sec

The main frame usage is as follows:

Function Number of MF Words
Frame Sync : 3
Subframe ID 1
Guidance Digital Data - 12
Subframes 5
Analog Inputs 11

There are two internal submultiplexers: one with 64 words and a sampling rate of
3. 8 samples per second and the other with 64 words but a sampling rate of 15.3
samples per second. The latter submultiplexer has an input capability of 56 analog

signals and 64 bilevel signals.

All data gates are MOSFETS, which provide high input impedance and data isolation
because of low leakage current. Because of the eight-bit encoding, the telemeter can
resolve any voltage level to within 20 millivolts. The total error of the telemeter is

less than +1 percent.
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It is understood that the unified S-band ground stations have narrowband bit
synchronizers with fixed bit rates. Since all bit synchronizers can lock on to any bit
rate that is within 10 percent of nominal, the Agena bit rate of 62.5 kbps is within the
capability of the bit synchronizer at a nominal rate of 65.54 kbps. If the Agena bit rate
is unacceptable, the telemeter can be modified to have a bit rate of 51.2 kbps, which is

a nominal USB rate.

3.6.1.1 Baseband Assembly Unit. The baseband assembly unit performs two functions

in the Agena communications link:

a. Accepts PRN ranging signals for turnaround to the downlink

b. Accepts PCM telemetry bit stream which in turn modulates a transmitter

The uplink PRN ranging code is one of the most important signals generated by the
ground station or shuttle. The code is used to determine the radial range between the
ground station or shuttle and the Agena. A continuous running binary waveform at a
nominal rate of one million bps is transmitted to the Agena on the uplink., This PRN
signal is then sent through an 800 kHz low-pass filter in the baseband unit, where it
is summed with the 1,024 MHz subcarrier before phase modulating the transmitter

carrier.

The PCM telemetry bit stream biphase modulates the 1.024 MHz subcarrier in the
baseband unit, is bandpassed filtered and summed with the PRN ranging code. Before
going to the biphase modulator, the PCM bit stream is inverted, shaped, and ampli~
fied into a suitable modulating signal and its complement. The biphase modulator is
basically an exclusive OR gate that passes one phase of the subcarrier for data ones
and the phase complement of the other subcarrier for data zeros. The output of the
modulator is made up of the subcarrier or its complement, varying in accordance with

the ones and zeros contained in the input data signal.

The baseband assembly unit is fully redundant and qualified by test. Provision is made

in the baseband unit for addition of a voice channel to be frequency modulated on a 1. 25

MHz subcarrier.
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Five external monitoring signals are provided by the baseband unit to allow remote

indication of its operational status. These outputs consist of the following:

a. Power converter output voltage
b. ON-OFF monitors

¢. Temperature monitor

3.6.1,2 Transmitter (2 Watts). The unified S~band compatible phase modulated

transmitter receives a composite signal, consisting of the PRN ranging code and the

1. 024 MHz subcarrier from the baseband unit. This signal is applied to the auxiliary
oscillator-phase modulator, where it is phase modulated on a 70 MHz carrier. The
carrier frequency is supplied by (1) the local oscillator or (2) an accompanying re~
ceiver, when it has phase-locked on an incoming signal, thus providing coherent
transponder operation of the transmitter-receiver combination. The modulated

carrier is amplified, filtered, and frequency multiplied by a series of three modules:
the X4 exciter-multiplier, the power amplifier, and the X4 varactor multiplier. The
power converter provides two regulated voltage outputs for operation of the transmitter
circuitry and, in addition, furnishes a triggered square wave to accomplish mode switch-
ing of the auxiliary oscillator phase modulator. For a specific S-band carrier frequency
in the noncoherent mode, the 70 MHz crystal is changed. The transmitter provides five

diagnostic monitoring signals to allow remote indication of itsoperational status.

a. Temperature Monitor-
b. ON-OFF Monitor

Power Converter Qutput Voltage
d. Internal Pressure |

e. Operational Mode Monitor

3.6.1,3 Transmitter/Power Amplifier. For missions with maximum altitudes of

1000 miles or less, the 2-watt transmitter is sufficient to assure adequate link margin.
The synchronous equatorial orbit mission, altitude 19,000 nm, will require more out-
put power from the Agena transmitter (8 to 10 watts total). The simplest solution, from
a standpoint of input power, weight, volume, and cost, is to provide a power amplifier
at the output of the existing two watt transmitter. Although the conic power amplifier

is a wideband amplifier, it can be easily modified to reduce the bandwidth.
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2.6.1.4 Antennas. An RF multicoupler is connected to the input of the Type 28 antenna
so that one antenna can be used for both the receiver uplink and the transmitter downlink.
The RF loss through the multicoupler is only 0.8 dB for the receiver and 0.4 dB for the

transmitter.

The Type 28 antenna has a crossed-dipole feed with a 19-inch diameter semiflat reflec-
tor. Approximately +6 dB is achieved through the antenna due to the combination of a

+3 dB gain and the antenna circular polarization,

A single-pole, two-throw coax1a1 switch is available at the output of the multlcoupler

for closed-loop operation of the communications system in the shuttle

For a synchronous equatorial orbit, an increase in the communications RF link is
needed. Addition of a 5-foot diameter parabolic antenna yields a gain of approximately
26 dB. Another RF switch will be added to switch from the ascent antenna to the orbit

antenna at approximately 1000 nm,

3.6.1.5 Receiver-Demodulator. The receiver/demodulator performs three important

functions in the operation of the Agena communications system:

a. Amplification of PRN Range Code
b. Coherent Drive to the Transmitter
c. Demodulation of the 70 kHz Command Subcarrier

The simplified block diagram of the receiver/demodulator (Fig. 3-40) shows the syn-

thesis of the above functions,

The receiver/demodulator incorporates a coherent phase-lock receiver with a 221/8
received-to-transmitted drive ratio. The input signal is accepted by the RF converter,
where it is mixed down to approximately 48 MHz, amplified, and fed to the IF amplifier/
mixer module. Here it is mixed again, producing a constant-frequency output of 12.25
MHz. The rarrowband phase detector compares the phase of the IF signal and a 12,25
MHz reference signal from the reference generator. The detected phase error is

applied as a correction voltage to the VCO which operates at a nominal frequency of 2 fl.
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(It is this VCOfrequency that is adjusted to be compatible with the USB uplink frequency).
The corrected (phase-shifted) output of the VCO is multiplied in the frequency synthe-
sizer. One output of frequency synthesizer provides the 216 f1 frequency for the RF
converter, which mixes with the 221 fl on the RF input to produce a 5 f1 output.
Another output of the frequency synthesizer goes to the reference generator, where
the 10 f1 signal is mixed and divided by two with the 2 f2 to provide a 5 f1 + f2 to

the IF amp/mixer module. The third output provides the 8 f1 coherent drive to the

transmitter.

The 70 kHz subcarrier is sent through a 70 kHz bandpass filter with a bandwidth of
20 kHz, limited, discriminated, amplified, and presented as an output to be further

processed by the command decoder.

The particular method used by this receiver to synthesize the coherent ratio of
240/221 achieves two important objectiv'es. First, through the use of double conversion
technique, high-level subharmonics of the received frequency or first IF frequency are
not generated, either as local oscillator signals or as mixer products. If products of
this nature were generated, the receiver would tend to lock onto itself, seriously im-
pairing its performance in the normal mode. Secondly, this particular design
permits the selection of frequencies so that all circuitry and devices are operating

conservatively.

Telemetry monitors provided in the receiver/demodulator are as follows:

a. Tracking Signal Output
b. Loop Stress

c. Command Signal Present
d. Temperature

e. ON-OFF

f.

Power Converter Qutput Voltage
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Modifications of the SGLS receiver/demodulator required to make it USB compatible

are as follows:

a. Remove the Signal Conditioner Module

b. Remove the Times-Three Circuit in the Frequency Synthesizer

c. Remove the Times-Seven Circuit in the RF Converter and Replace
it with a Times-27 '

d. Add a Subcarrier Demodulator Module.

3.6.1.6 Command Decoder. The digital command data are generated by bi-phase

modulating a 2 kHz sine wave with one kbps PCM NRZ data. A 1 kHz sync tone is
added to the above, and frequency modulated onto a 70 kHz subcarrier, which in turn
phase modules the uplink carrier resulting in a pulse code modulated/phase shift
keyed/frequency modulated/phase modulated (PCM/PSK/FM/PM) command data link.

The decoder receives the composite signal from the receiver containing the sub-bit
information and synchronization and coherently demodulates the signal. It is then
detected in a matched filter. A matched filter is used because it is an optimum de-
tection method with an impulse response corresponding to the shape of the time signal
to be detected.

This device integrates the signal applied to it for the duration of one bit interval. The
output of the matched filter amplifier is fed to an inverter and to one trigger-set input
of the decision flip-flop. The sub~bits are then decoded into info-bits (five sub-bits
equal one info bit) by either a vehicle address info-bit detector or a remaining message
info-bit detector. Two sets of detectors are required because the five~bit code for an
info-bit '"one and zero' changes after the vehicle address (info-bits 1, 2, and 3). After
the vehicle address has been properly decoded, the message info-bit detector decodes
the next six info-bits for real-time commands (64) or the next 20 info-bits for updating
the Agena guidance computer. Logic circuits are provided for bit error recognition

and temporary storage.
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3.6.2 Communication Equipment

A list of equipment to be used in the Agena space tug communication subsystem is
presented in Table 3-11. The equipment specified is, in general, qualified as well as
flight proven. All the equipment listed, except the power amplifier and command de-
coder, have flown successfully many times on Agena vehicles. A unit similar to the
command decoder listed in Table 3-11 was built by Lockheed for the Gemini Program

(six vehicles flown).

From the standpoint of reliability, a preliminary review was made to determine the
redundancy requirements for the Agena communications system. The baseband
assembly unit is already built with internal redundancy, and it is felt that the trans-
mitter receiver/demodulator and decoder because they are critical units in the overall

success of any mission, should also be redundant. -~
Only one PCM telemeter will be flown. The most probable failure mode in this unit is
the shorting or opening of a data gate; however, critical monitors can be connected

in parallel so that any single gate failure will not result in the loss of the data from

that monitor.
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Power | Weight
Title Part No. Spec No, | (watts) (1b) Qualified Vendor
PCM Telemeter 1460965 1420766 7 4 Yes S.C.1L
Type IV
TLM J-Box 1386098 1420836 5.2 Yes LMSC
Baseband Assy 1462590 1420953 2 4.4 Yes Motorola
Unit .
Transmitter, 1462031 1419277 34 7.3 Yes Motorola
2 watt
Power Amplifier CTA-402-20 - 60 1.9 No Conic
Multicoupler, 1462232 1419745 - 2.2 Yes Wavecom
Type 14
Antenna Type 28 1387523 1420990 - 1.8 Yes LMSC
RF Switch, 1462071 1419552 16 0.6 Yes Transco
Type 14 :
Receiver UHF-PM | 1462033 1416750 6.2 Yes Motorola
Command Decoder - - 5 3 No LMSC
Parabolic Antenna - - - 12 Yes LMSC
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Section 4
INTERFACE DESCRIPTION

This description of the interface between the Agena tug and the shuttle orbiter when
the Agena is used as an expendable upper stage to the space transportation system

follows the Agena.tug configuration description of Sections 2 and 3.

Constraints imposed on the installation of the Agena in the orbiter cargo bay are dis-
cussed; then the Agena/payload support, attachment system, and deployment mechanism
are defined. Also defined are the umbilical connections for propellants, electrical

power and data management, and the location and function of the Agena service panel.
The weight of the support system, which includes all nondeployable items, was esti-
mated to determine the total shuttle payload weight. Finally, the requirements imposed

upon the shuttle system design as a result of integrating the Agena with the orbiter de-

sign are summarized.
An artist's conception of the Agena installed in the cargo bay is shown in Fig. 4-1.
4.1 LOCATION OF AGENA IN CARGO BAY

4.1.1 Roll Orientation

The Agena coordinate system is illustrated in Fig. 4-2. The Agena normally flies with
the +Z-axis pointed to the earth and the +X-axis in the thrust direction. The propellant
fill lines and the electrical umbilical connection are located on the +Y-side of the vehi-
cle. Figure 4-3 is a section through the forward equipment rack, looking forward
along the +X-axis, which shows that the inertial reference assembly is located on the

vehicle +Z-axis and the guidance computer is on the -Z-axis.
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Fig. 4-1 Agena Tug Installed in Orbiter Cargo Bay
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Fig. 4-2 Agena Coordinate System
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Fig. 4-3 Agena Equipment Section Forward View
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To utilize an optical arrangement that will determine the azimuth orientation of the
inertial reference assembly before launch, it will be necessary to install the Agena
so that an external optical beam can reach this unit. This means that the inertial

reference assembly must be facing the cargo bay doors.

It will also be advantageous to locate the guidance computer as deeply as possible within
the cargo bay, where the temperature excursion during the ascent flight will be mini-
mum. Both these requirements can be satisfied by relocating these units wi_thin the
Agena; however, a simpler method is to rotate the Agena 180 degrees about the roll
axis, so that the Agena +Z-axis will be pointed to the cargo bay doors. The relation
between the Agena coordinate system and the shuttle coordinate system is th-en shown
on Fig. 4-4. The Agena service connections will then be located on the left side of the

cargo bay looking forward along the positive X-~axis of the shuttle coordinate system.

4.1.2 Longitudinal Location

The longitudirial installation of the Agena and the payload in the cargo bay must satisfy
the orbiter longitudinal CG limitations for landing. Figures 4-5, 4-6, and 4-7 shcgw
the relationship between the maximum allowable Agena payload weight and payload CG
location forward of the Agena interface station for three different Agena locations in
the cargo bay. Since landing conditions will exist only for a mission abort case, all
Agena propellants will have been dumped. The payload CG diagrams were therefore
generated on the basis of an avérage weight for the empty Agena of 1300 pounds and an
Agena/payload support weight of 1500 pounds with CG locations as indicated.

With the Agena located in the most aft position (Fig. 4-5), the payload weight is re-
stricted for payload CG locations within 10 feet of the Agena payload interface station.
For payload CG locations of 10 to 14 feet from the Agena, the full capability can be
utilized; however, for more forward locations the weight is again restricted by the
orbiter CG limitations. Thus, utilizing the full cargo-bay volume and locating the
payload CG at the centroid of the remaining volume would limit the weight to approxi-
mately 18,000 pounds. For comparison, two typical spacecraft have been included in

Fig. 4-5, which shows that these will be marginal for a full aft location.
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The payload CG constraint can be relieved by moving the Agena forward with respect

to the cargo bay. Figure 4-6 shows the same relationship for the Agena moved forward
5 feet from the aft cargo bay bulkhead. In this case a more realistic weight-CG envelope
is obtained for smaller payloads and the full capability can be used for CG locations from
4 to 8 feet forward of the Agena. Moving the Agena still farther forward, as shown by
Fig. 4-7, will result in the full weight capability between 0- and 4-feet distance from the

interface station.

It appears then that the nominal Agena location wifh the present allowable orbiter CG
range will be on the order of 5 feet forward of the most aft location and that this loca-
tion will be able to accommodate most of the payloads presently planned. This type loca-
tion does, however, have the disadvantage that the cargo bay volume aft of the Agena will
be wasted unless it can be used for other equipment or secondary payloads. The Agena
installation must, however, be adjustable to accommodate more extreme payload con-

figurations.

For ascent ﬂight,' when the Agena is fully loaded with propellants, no similar CG re-
striction will exist. However, if for some reason a landing is attempted with all the
Agena fuel onboard, the effect is to move the total CG location aft, which could result in
orbiter stability and handling problems. It may therefore be advisable to include an ex-

tra margin on the aft portion of the CG.envelope to provide for this remote possibility.
4.2 UMBILICAL INTERFACE

4.2,1 Agena Service Panel

As discussed prev1ously, it appears that the Agena location may be varied over a maxi-
mum distance of 10 feet dependmg upon the payload configuration. The nominal position
will be the midpoint, 5 feet forward of the aft cargo bay bulkhead. The Agena service
panel must be located in such a way that the umbilical connections will be as short as
possible and that the panel does not interfere with the installation.of the Agena and the
support structure for any Agena location within the 10-feet adjustment distance, Fur-

thermore, since the service panel has electrical connections and propellant dump lines
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connected on the orbiter side it will be advantageous to have this panel at a fixed location
for all missions. As discussed in par. 3.3, the umbilical retract mechanisms will be
mounted to the Agena support structure. This arrangement has the advantage of simpli-
fying the service panel and maintaining the panel in a fixed location for all missions.

The recommended location of the service panel is shown in Fig. 4-8.

All Agena/orbiter interface connections will be concentrated at the Agena service panel,

which will serve as a junction and distribution box for the various electrical connections.
Also, the propellant dump lines will go through the service panel, which wili serve as a

coupling point between the fixed installed pipelines within the orbiter structure and the

flexible hoses which connect to the Agena.

A functional block diagram of the service panel (Fig. 4-9) shows all the connections
coming into the panel from the orbiter subsystems and all the connections to the Agena/
payload and to the Agena support system. Figure 4-10 shows how the service panel can
be arranged physically, and a list of plug functions is included in Table 4-1.

The service panel is an Agena-supplied item, together with the umbilical connections
and the umbilical retraction mechanisms. All connections on the orbiter side of the

~ panel may be fixed, installed equipment, even though the wires and pipelines may be
charged to the Agena system weight. Since all umbilical connections can be discon-
nected at the service panel, it _wbuld be advantageous to leave the panel installed in the
orbiter as fixed equipment, even though other types of payloads are flown. In this case
it would be advisable to have the panel flush mounted with the orbiter cargo bay skinline

to avoid possible interference with other payloads.

4,.2,2 Umbilical Connections

4.2,2.1 Propellants. The Agena will be tanked prior to installation in the orbiter cargo
bay, simplifying the tanking operation and also the fluid interface between thé orbiter
and the Agena.
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Table 4-1

PRELIMINARY PLUG LIST, AGENA/PAYLOAD SERVICE PANEL

Plug J-1

O ~TC U W N -

Function

Leak Detection Sensor Power

Leak Detection Sensor Power Return
Cargo Bay Vent Oxygen-Leak Sensor
Cargo Bay Vent Oxygen-Leak Sensor Return
Cargo Bay Vent Fuel Leak Sensor

Aft Oxygen-Leak Sensor

Aft Oxygen-Leak Sensor Return

Aft Fuel Leak Sensor

Oxidizer Umbilical Disconnect Control
Oxidizer Umbilical Disconnect Control Return
Fuel Umbilical Disconnect Control

Fuel Umbilical Disconnect Control Return
J~100 Umbilical Disconnect Control

J-100 Umbilical Disconnect Control Return
Agena Tiedown Pin Control

Agena Tiedown Pin Control Return

Agena Tiedown Pin No. 1 Sensor

Agena Tiedown Pin No. 2 Sensor

Agena Tiedown Pin No. 3 Sensor

Agena Tiedown Pin No. 4 Sensor

Agena Tiedown Pin Sensor Return
Deployment System Power

Deployment System Power Return

Spar Boom No. 1 Control

Spar Boom No. 2 Control

Spar Boom No. 3 Control

Spar Boom No. 4 Control

Spar Boom Control Return

Oxygen Umbilical Disconnect Sensor

Fuel Umbilical Disconnect Sensor

J~100 Umbilical Disconnect Sensor

Cargo Bay Temperature

Boom No. 1 Extension Rate

Boom No. 2 Extension Rate

Boom No. 3 Extension Rate

Boom No. 4 Extension Rate

Boom Extension Rate Return

Function
Same as J-100 Pin List (Par. 6.5)

Function

Shuttle EPS Power
Shuttle EPS Power Return
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Plug J-7
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Plug J-8
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Plug J-9
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Plug J-10
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2

Plug J-11
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Table 4-1 (cont)

Function
PCM Type IV (Coaxial Cable)
Function

Shuttle Data Bus No. 1

Shuttle Data Bus No. 1 Return
Shuttle Data Bus No. 2

Shuttle Data Bus No. 2 Return
Shield

Function

Agena 28 VDC Regulator

Agena 28 VDC Regulator Return
Payload 28 VDC Regulator
Payload 28 VDC Regulator Return

Function

Service Panel 28 VDC Regulator
Service Panel 28 VDC Regulator Return

Function

Service Panel 28 VDC Regulator
Service Panel 28 VDC Regulator Return

Function

Agena Power On Control

Agena Power Off Control

Payload Power On Control

Payload Power Off Control

Oxidizer PIV Dump On Control
Oxidizer PIV Dump Off Control

Fuel PIV Dump On Control

Fuel PIV Dump Off Control
Pressurization Dump Valve On Control
Pressurization Dump Valve Off Control
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Table 4-1 (cont)
Function

Agena Internal/External Power On Coatrol

Agena Internal/External Power On Control Return
Payload Internal/External Power On Control
Payload Internal/External Power On Control Return
Oxidizer PIV Dump On Control

Oxidizer PIV Dump Off Control

Fuel PIV Dump On Control

Fuel PIV Dump Off Control

Pressurization Dump Valve On Control
Pressurization Dump Valve Off Control

-Oxidizer Umbilical Disconnect Control

Oxidizer Umbilical Disconnect Control Return
Fuel Umbilical Disconnect Control

Fuel Umbilical Disconnect Control Return
J-100 Umbilical Disconnect Control

J-100 Umbilical Disconnect Control Return
Agena Tiedown Pin Control

Agena Tiedown Pin Control Return
Deployment System Power

Deployment Systems Power Return

Spar Boom No. 1 Control

Spar Boom No. 2 Control

Spar Boom No. 3 Control

Spar Boom No. 4 Control

Spar Boom Control Return

Function
(Same as J-12)
' Function
Power for J15 functions
Function

Cargo Bay Vent Oxygen Leak Sensor
Cargo Bay Vent Oxygen Leak Sensor Return
Cargo Bay Vent Fuel Leak Sensor

Cargo Bay Vent Fuel Leak Sensor Return
Aft Oxygen Leak Sensor

Aft Oxygen Leak Sensor Return

Aft Fuel Leak Sensor

Aft Fuel Leak Sensor Return

Agena Tiedown Pin No. 1 Sensor

Agena Tiedown Pin No., 2 Sensor

Agena Tiedown Pin No. 3 Sensor

Agena Tiedown Pin No. 4 Sensor

Agena Tiedown Pin Sensor Return
Oxidizer Umbilical Disconnect Sensor
Fuel Umbilical Disconnect Sensor

J-100 Umbilical Disconnect Sensor
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The design requirement for propellant dumping in case of a mission abort does, however,
require that two dump lines be connected between the Agena and the service panel, as
shown in Figs. 4-9 and 4-10. These dump lines can be connected to the existing Agena
fill couplings and must extend behind the service panel within the orbiter interior to
some convenient exit point on the orbiter exterior skin surface. It would be desirable
to locate these exit points somewhat apart, preferably one on each side of the fuselage
or at the wingtips; however, this is not an absolute design requirement, especially if

sequential dumping is possible.

The dump lines will be connected immediately after installation of the tanked Agena into
the cargo bay and will remain connected until just before deployment, at which time the
retract mechanism with the quick disconnect will be activated. The fluid interface is
therefore Simple; it will consist of only these two lines and the retraction mechanism,

The dump lines will always be dry, except for an abort condition.

This propellant interface can also be used if Agena tanking is required after installation
in the cargo_bay,' by adding fill couplihgs at the exit points on the orbiter skin surface.
However, some modifications to the propellant valve system as presently configured
would be necessary.

4.2.2,2 Gases. Helium gas for tank pressurization and nitrogen gas for attitude con-
trol will also be loaded prior to Agena installation in the cargo bay. Umbilical connec-

tions to these fill couplings will therefore not be required.

4.2.2,3 Electrical Power Supply. During ground operation, ascent flight, and orbit

maneuvers prior to deployment, the Agena and the spacecraft will receive electrical
power from the orbiter power supply system. An umbilical connection for this purpose

will therefore be required.

All electrical connections to the Agena and the spacecraft govthrough the main electrical
umbilical (J-100) located near Station 247 on the Agena vehicle +Y-axis. A retract and
disconnect coupling will be located on the Agena support structure and the cable will be
routed along the support structure to the Agena service panel. This disconnect will be
activated at the time of switchover to Agena internal power.
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The Agena operates on 28 VDC power, while the shuttle delivers a nominal 34-volt
regulated power with a regulation range of 30 to 40 volts. A power conditioning unit
will therefore be required to convert the shuttle power to 28 VDC. This unit will be
located at the Agena service panel, as shown by the schematic diagram (Fig. 4-9).

The service panel will provide a disconnect point at J-2, A cable will be required
from the service panel (J-3) to the nearest power supply point in the orbiter assumed
to be at the forward bulkhead of the cargo bay. This cable is included in the Agena
support weight, A -

"4.2.2.4 Data Management. The orbiter/Agena data management and information

transfer interface is also shown on the schematic diagram of the Agena service panel
(Fig. 4-9). It is presently anticipated that the orbiter data management system will
perform all the Agena and payload checkout and monitoring functions prior to deploy-
ment, requiring a number of hardline connections between the orbiter and the Agena.
As ‘previously mentioned, all of the Aggna electrical connections go through the electri-
cal umbilical plug, J-100. It is also assumed that the payload will be interfaced with
the orbiter through the J-100 connection point. The J-100 connector contains 110 pins
and four coaxial cables. The expected connections to this point are listed in Table 4-2,
which shows that the Agena will utilize a total of 75 pins, leaving 35 pins available for
the spacecraft functions. Plug J-2 on the service panel will also contain the same pin

assignment.

All the Agena/spacecraft monitors will be processed through the standard interface

unit, which is located in the Agena service panel and relayed to the orbiter computer

and display equipment via the orbiter data bus at a rate of 25 kbps. The Agena telemetry
output of 62.5 kbps is sent directly to the shuttle TM encoder and to the ground on the
high rate downlink. The Agena command and guidance update data will be transmitted

to the Agena via the data bus and the standard interface unit. The commands will enter

the Agena system via the proper pins in the J-~100 connector.
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Agena Internal Power On Control
Agena Internal Power Off Control
Agena Internal Power ON/OFF Monitor
Agena Battery Current Monitor
S3-54 Test Control
Current Monitor Return

Main Bus Volt Monitor

Volt Monitor Return

Agena External Power

Agena External Power Return
Disable Gas Valves

Helium Temperature Monitor
Nitrogen Temperature Monitor
Clear to Send

Clear to Send Return

Idle Command

Idle Command Return

Load Command

Load Command Return

Utility Discrete

Enable Inputs

Halt

GC Common Return

GC Common Return

Read Command

Read Command Return
Ready/Busy

Ready/Busy Return

Serial Data From Computer
Serial Data Return

Serial Data From PSE

Serial Data Return

Shift Clock

Shift Clock Return

GC Common Return

Serial Register Loaded

Serial Register Return

GC Common Return

Step

40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

63

64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

Step Return
Start

ISA On Monitor
ISA On Return
Transmitter No.
Transmitter No.
Transmitter No. 1 ON-OFF
Transmitter No. 2 ON-OFF"

BBAU No. 1 ON-OFF

BBAU No. 2 ON-OFF _

Decoder No. 1/2 Command Output
Decoder No. 1 ON-OFF

Decoder No. 1 ON-OFF

Receiver No. 1 ON-QOFF

Receiver No. 2 ON-OFF

Power Amplifier No. 1 Temperature
‘Power Amplifier No. 2 Temperature
TT&C Monitor Return

TT&C ON Control

TT&C OFF Control

Fuel Tank Pressure

Oxidizer Tank Pressure

Fuel Tank Temperature

Oxidizer Tank Temperature

Tank Temperature Return

Payload Internal Power ON Control
Payload Internal Power OFF Control
Oxidizer PIV Dump-ON Control
Oxidizer PIV Dump-OFF Control
Fuel PIV Dump ON Control

Fuel PIV Dump-OFF Control
Pressure Dump Valve-ON Control
Pressure Dump Valve-OFF Control
Oxidizer PIV Monitor

Fuel PIV Monitor

Dump Valve Monitor

Payload External Power

Payload External Power Return
Payload Internal Power ON/OFF
Monitor

1 Temperature
2 Temperature
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4,2.3 Safety Sensors

A limited number of safety sensors such as fuel and oxidizer leak detectors and cargo-~bay
temperature will be mounted at appropriate locations on the Agena support structure
rather than on the Agena vehicle itself, which will simplify the Agena interface. The
sensors and the corresponding cabling will be a nonrecurring cost item, and the Agena

vehicle weight will be reduced.

The connections to these sensors will go through Plug J-1 in the Agena service panel,
The output will be fed to the orbiter data system via the standard interface unit and the
data bus as shown on the schematic diagram of Fig. 4-9. The connectors pins for

these sensors are listed under Plug J-1 in Table 4-1.

4.2.4 Deployment Command and Control

Command signals for operating the umbilical disconnect and retraction mechanism,
Agena deployment actuators, and Ageﬁa tiedown pin latches will be routed through
Plug J-1 in the Agena service panel. These commands may be generated from the
mission specialist console by manual operation or by the orbiter control system as
part of a payload deployment subroutine. . J-1 pin assignments are listed in Table 4-1.
The commands will be transferred to the Agena support system via the orbiter data

bus and the standard interface‘unit.

A number of sensors are included in the support system to verify proper operation of
the umbilical disconnects and retraction mechanisms, the deployment actuators, and
the tiedown releases. The output of these sensors will also enter the orbiter data
system via Plug J-1 in the service panel, the standard interface unit and the data bus,
as shown by the schematic diagram of Fig. 4-9 and will be displayed on the Agena
control console for direct verification of proper operation. The sensors included for
this purpose are listed under the pin assignment for Plug J-1 in Table 4-1.
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4,2,5 Umbilical Disconnect and Retraction Mechanisms

The umbilical disconnect and retraction mechanisms for the main electrical connéctor
andthe propellant dump lines are mounted directly on the support cradle, thus simpli-

fying and actually eliminating one interface between the Agena and the orbiter.

The mechanisms will be installed, tested, and adjusted at the time the Agena, space-
craft, and support cradle are mated prior to installation in the orbiter. At Agena in-
stallation in the orbiter cargo bay the only connections to be made will be to connect

the two electrical cables and the two flexible propellant dump lines at the Agena ser-

vice panel.

The disconnect mechanisms for the propellant dump lines and the electrical connection
are similar to those presently used on the launch pad and will require only minor

modifications of the existing design.
4.3 AGENA SUPPORT AND DEPLOYMENT SYSTEMS

The method selected for supporting the Agena and payload in the orbiter cargo bay and
for deploying them on orbit will depend largely on the payload configuration and weight.
To provide the necessary operational flexibility, alternate designs were developed. In
all cases the interface with the orbiter was lfept as simple and as nearly common as

possible.

4,3.1 Support Systems

The support system designs were selected for securing the Agena and payload in the
orbiter cargo bay. These designs, described in par. 3.1 (Figs. 4-1 and 4-11), will
accommodate the range of payload weights and configurations that may be expected for
orbital placement by the Agena space tug. On two of the designs (the cantilevered and
extended cradle sdpport systems) the orbiter interface is through four attach points-
two on the payload bay' sides and two on the keelson. A third design (cantilevered
support cradle with payload adapter) interfaces through four attach points, all of which
are on the cargo bay sides (Fig. 4-12).
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Fig. 4-11 Cantilevered Support With Payload Adapter
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4.3.2 Interface Structure Loads

Interface load components are covered in par. 3.1.5 of this document,

4.3.3 Deployment Mechanisms

The Agena/payload configuration can be deployed from the cargo bay by use of either
the remote manipulator system or extendible booms, as described in the following

paragraphs.

4.3.3.1 Remote Manipulator System. Use of the orbiter remote ménipulatér system

for deployment of the Agena and its attached payload is discussed in par. 3.1 and is
shown in Fig. 4-12. Fittings for grasping will be included on the structural ring,
which will be added to the Agena at Station 384, and another grasping point will be
incorporated with the spacecraft design. For maximum maneuvering stability these
two grasping points should be located as far-apart as possible. The manipulator arms
will be attached to the grasping points prior to Agena umbilical release. The fittings

are designed to resist forces in all three axes.

4.3.3.2 Extendible Booms. An alternate deployment system (Fig. 4-13) uses four

bi-STEM boom devices, permanently attached to the support truss adjacent to the
Agena/payload support points. The extendible portion of the boom is attached to the
Agena/payload with off-center latches, which will be opened prior to pulling the main
attaching pins. Electrical motors will be actuated to drive the bi-STEM booms from
the storage spools, and the motors will be synchronized to ensure that each of the
four booms is extending at the same rate. Deployment velocities of 2 to 4 feet per
second can be achieved with this system.

The extendible boom method offers ease of operation and simplicity and can be used

for all types of payload configurations and for the three types of support systems dis-
cussed in par. 3.1. Since the boom mechanisms and motors are attached to the support
structure, they will be nonrecurring cost items and are not included in the Agena

vehicle weight.
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Fig. 4-13 Alternate Agena Deployment System
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4.4 GUIDANCE SYSTEM INTERFACE

Three guidance system interfaces with the orbiter are visualized at this time:
a. A link between the AGS computer and the shuttle to allow interrogation
and update of the AGS computer.

b. A 4 kbps data link from Agena to shuttle for realtime display on
board the shuttle.

c. A 64.5 kbps link that would permit the shuttle to relay Agena telemetry
to the ground.

If high~accuracy azimuth alignment is required, an optical interface with the launch

facility will also be involved.

4.4.1 Agena Guidance System Update

The Agena guidance system can accept commands and be updated prior to deployment
in the shuttle orbit. The data will be transnﬁtted via the orbiter data bus, the standard
interface unit, and the umbilical connection, J-100. Although the Agena guidance sys-
tem will perform its own navigation and orbit determination during ascent to shuttle
orbit, it is assumed that agreement between the Agena and orbiter guidance system
will be verified before deployment. The Agena guidance data can be updated with
respect to state vector during system checkout if the Agena system data are felt to

be less accurate.

The following requirements will be imposed on data transfer from the orbiter computer

to the Agena computer:

a. Format: 20 bit words, transferred sequentially; logical 1 =5V +0.5V
logical zero = 2.5V

b. Maximum Bit Rate: Up to 1 million b1ts per second'

Minimum Bit Rate: N/A

d. Mirimum Spacing 0.15 msec (could be reduced to 0.02 msec by AGS
Between Words: software modification, if desirable)

e. Maximum Spacing N/A
Between Words:
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4,4.2 Guidance System Alignment

It does not appear that an exact mechanical alignment and adjustment betlween the Agena
and the orbiter will be required. The Agena guidance system will be aligned prior to
launch by a flight initialization routine that is a software equivalent of platform leveling
and azimuth orientation determination. This method utilizes the earth's gravity field

and rotation rate as input data; azimuth orientation is determined by gyro compassing.

After orbit injection the Agena guidance system will be updated with respect to state
vector and orbit parameters; however, attitude information will be obtained from the
Agena reference package with sufficient accuracy for most missions. For the long-
duration mission it may be advantageous to update the Agena attitude data before igni-
tion by means of the onboard horizon sensor unit.

For certain missions 1t may be desirable to determine the Agena azimuth orientation
with a high degree of accurvacy before liftoff. This can be done by an external optical
alignment device mounted on the launch tower. Software provisions are therefore made
for inputting an optically determined azimuth correction during sensor alignment, which
can reduce the initial azimuth uncertainty from 30 arc minutes to approximately 3 arc
minutes. The optical alignment beam can.be introduced either through the open cargo
bay doors or through a small window in the doors (Fig. 4-14). Two or three such win-
dows may be required to accommodate the Agena in the different positions in the cargo

bay.
4,5 ELECTRICAL POWER SYSTEM INTERFACE

During the period from Agena installation in the cargo bay to deployment on orbit the
Agena will require electrical power from the orbiter ground or onboard supply at the

rate indicated in Fig. 4-15.
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At Agena installation, Which could take place at as much as 15 days before launch, the
safety sensors will be activated and continuously monitored until the Agena is deployed.
The power to drive these sensors will come from the orbiter and the output will be fed
directly into the orbiter control system. At 24 hours before launch the Agena guidance
system will be activated to align the system; the guidance system will be running con-
tinuously from then on. Ascent flight from launch to orbit injection was assumed to be
45 minutes, with the Agena deployed on the second orbital pass. The resulting power
profile indicates a total power requirement of 18 kw-hr. This power requirement will
be practically the same for all missions. However, if the Agena deployment for some
reason is delayed up to the maximum orbit staytime of 7 days, the poWer requirement

could increase to about 65 kw-hr.
4.6 ENVIRONMENTAL CONTROL INTERFACE

The Agena is normally loaded with propellant at a temperature of 60°F. During pre-
launch operation the Agena is further cooled, so that the propellant at liftoff is at a
temperature on the order of 50 to 55°F. The reason for this is to optimize the per-
formance capability, since more propellant can be loaded at a lower temperature.
Actually, the propellant specific impulse will increase at a rate of 0. 6 sec for 15 de-
grees temperature increase, but at the same time the propéllant loading will decrease
164 pounds for the same temperature range, due to lower density. The net effect is

a loss of performance on the order of 50 to 100 pounds of payload, depending upon the

mission characteristic velocity.

Since the actual performance requirements are undefined at preéent, and since it will
be difficult to maintain and control the Agena environment at a low temperature from
installation in the cargo bay and until launch (up to 15 days), it was decided to accept
the loss in performance resulting from higher temperature rather than to impose the
requirement of a low temperature controlled within narrow limits. The recommended
interface requirement is to maintain the cargo bay ambient temperature below 75°F

during prelaunch operation when the Agena is installed.

Thermodynamic analysis has shown that the propellant temperature increase during

ascent and orbital operations is practically negligible.
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4.7 AGENA TUG SUPPORT EQUIPMENT

Table 4-3 presents a preliminary list of the Agena support equipment, including all
nondeployable items chargeable to the Agena system; the development status has been
indicated where possible. A corresponding weight estimate for the support equipment
is given in Table 4-4. The support structure weight was estimated for a payload
weight of 7, 600 pounds (Viking mission) for the cantilevered configuration and 37, 000

pounds (40, 000 less Agena and support) for the extended cradle configuration.

The extendible boom deployment mechanism is not included in Table 4-4, If this sys-

tem is used the Agena support equipment weight will be increased by 300 pounds.
4.8 ORBITER DESIGN REQUIREMENTS FOR AGENA INTEGRATION

The design requirements imposed upon the orbiter design as a result of incorporating
the Agena vehicle system as an expendable upper stage to the space transportation sys-

tem are summarized as follows:

a. Provide for and incorporate two propellant dump lines from the Agena
service panel to the orbiter exterior skin line at an acceptable exit

point.

b. Include provision for a small longitudinal acceleration (0.01g) during
propellant dumping for propellant orientation.

c. Provide electrical power (approximately 20 kw-hr) and appro-
priate cabling to a plug-point in the cargo bay. This point
should be as close as possible to the location of the Agena
service panel.

d. Maintain cargo bay temperature below 75°F from Agena installation
until launch.

e. Provide access to the orbiter computer via the data bus for safety
monitoring and prelaunch checkout functions,

f. Provide the required hardware and software for computer output in
an Agena compatible format for Agena guidance update prior to de-
plovment (state vector only),

g. Provide windows in the cargo bay doors for optical azimuth deter-
mination and correction, if required by mission.

h. Provide structural hard points in the cargo bay for Agena/payload
attachment forces. These hard points should be located to permit the
Agena to be installed in more than one longitudinal location.
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Table 4-3

EQUIPMENT LIST — AGENA SUPPORT SYSTEM

TYPE OF SUPPORT | '
ITEM Cantilevered | STATUS |QUANTITY REMARKS
Cantilevered|| Extended| Adapter
i
1. Payload Cradle New 1 See tubing require-
ments under type of
3-1/20Dx0.120 Tubing 11 LFT cradle.
3-1/20Dx0.083 Tubing 2 LFT L
- 3-1/20Dx0.049 Tubing 466 LFT 452 LFT |
3-1/20Dx0.065 Tubing 8 LFT |173 LFT
3-1/20Dx0.200 Tubing 28 LFT
3-1/20Dx0.250 Tubing 53 LFT
3-1/20Dx0.220 ‘Tubing 52 LFT
3-1/20Dx0. 350 ‘Tubing 51 LFT
2. Fitting Assembly—Agena to Support Cradle X X X New 4
3. Fitting Assembly— Support Cradle to
Orbiter-Cargo Bay X X - X New 5 Cantilevered and
Extended
4 Cantilevered with
Adaptef
4, Deployment Mechanism X X X New 4 This deployment
Spar Boom Assembly and design is shown on
Synch/Control Installation the extended type
cradle, but can be
used on all three
cradle concepts.
5. Propellant Dump X X X Qualified 1 Fuel
Propellant Dump Fittings— Agena Side 1 Oxidizer
Propellant Dump Fittings— Cradle Redesigned| 1 Fuel
Retraction Mechanism Redesigned| 1 Oxidizerl
Propellant Dump Lines New 1 Fuel i
1 Oxidizer'
6. ElectricallInterface ‘ X X X !
MEI Disconnect— Agena Qualified 1 :
MEI Retractor System New 1
MEI Umbilical Cable New 1

LMSC-D152635
Vol 11, Part 2
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Table 4-3 (cont)

_TYPE OF SUPPORT _ _

ITEM

Cantilevered

Extended

Cantilevered
Adapter

STATUS

QUANTITY

REMARKS
|

10.

- Agena Tiedown Sensors

-MEI Disconnect Sensors

. Agena Service Panel

Safety Instrumentation
Oxidizer Leak Sensor
Fuel Leak Sensor

Dumpline Disconnect Sensors

Deployment Rate Sensors
Cargo Bay Temperature Sensors
Cable

Deployment and Tiedown
Cables and Connector

DC/DC Converter
Instrument Control and Power Distribution Box
Standard Interface Unit
Electrical Connectors
Propellant Dump Fittings

Propellant Dump Lines—Service Panel

to Exit

Electrical Cables _
Power—Service Panel to Forward Bulkhead
Data Bus— Service Panel to Forward Bulkhead
TLM-—Service Panel to Forward Bulkhead

X

X

X

New

New
New
New
New

New

New
-New
New

bt et D R DR DD DD

N NG R

i e e

LMSC-D152635
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Table 4-4

AGENA SUPPORT SYSTEM WEIGHT

LMSC-D152635
Vol I, Part 2

Cantilevered
Support System

Extended Cradle
Support System

Cantilevered
Support With
Payload Adapter

Agena/Payload Support Structure 508 1083 642
Agena Service Panel and Electri-
cal Comp 75 75 15
Dump Lines Retraction Mecha-
nisms 103 103 - 103
Dump Lines 6 6 56
J-100 Disconnect 56 56 56
J-100 Cables 15 15 15
Cables for Deployment Control :
and Instrumentation 7 7 7
Propellant Dump Lines Within
the Orbiter 11 11 11
Cables From Service Panel to ) ‘
Forward Bulkhead 15 - 15 15
- TOTAL 796 1371 930
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4.9 AGENA/PAYLOAD INTERFACE

The interface requirements between the Agena and its payload cannot be defined until
payload specifications are available. The Agena has previously flown both separable

spacecrafts and integrated payloads.

In the first case the spacecraft is a completely self-contained unit, requiring an inter-
face that consists of support and attachment structure, separation mechanism, hard
lines for on/off cbntrol, and power supply. Generally, the electrical connectors go
through the Agena J-100 and to the spacecraft via another disconnect in order to sim-
plify the umbilical wiring. The Agena J-100 will have approximately 35 vacant pins
that can be used for spacecraft functions.

In the case of an integrated payload, the design requirements will depend upon the type
of payload and its operational characteristics. In this case the Agena subsystems

such as telemetry, attitude control, and rhaneuvering system will be used in support
of the actual payload mission. The design for this type of mission must be investigated

separately after each payload has been defined.
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Section 5
EVOLUTIONARY AGENA TUG

As specified in the statement of work for the Agena tug analysis, a small portion of the
total effort was devoted to an investigation how the Agena vehicle concept could be best
improved to utilize its capability for the space shuttle application. The basic design

groundrules were the same as for the Agena tug design:

Expendable Stage Only

Use of Storable Propellants Only

Maximum Use of Current, Existing Agena Characteristics
Minimum Effect on Established Agena Space Tug/Shuttle Interface

Selective Application of Long-Range Engine Improvements

Design Constraints
15 ft x 60 ft cargo bay
65, 000 1b maximum shuttle payload capability
40,000 1b maximum shuttle landing capability

5.1 BASIC DESIGN PHILOSOPHY

Since the study guidelines specified maximum use of Agena characteristics, it was

assumed that the Agena equipment discussed in Section 3 will also be sufficient to per-
form the missions of the evolutionary Agena tug. Some of the equipment will probably
be improved during the period until the evolutionary Agena tug becomes a reality; how-
ever, this consideration was not included in the present analysis. The most significant
improvements are expected to take place within the electronic area; new computers

that will operate at a lower power level and be smaller in size and weight are expected

to become available within the next few years.

The basic consideration for the evolutionary Agena tug is therefore to improve the pay-
load weight capability and to optimize the Agena configuration within the design con-
straints for this specific application. An artist's conception of the evolutionary Agena

tug configuration is shown in Fig. 5-1.
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If the shuttle capability were not limited, the Agena performance capability would
increase with increased propellant loading. However, this limitation puts a severe
restriction upon the Agena propellant loading. So a tradeoff analysis must be performed
to determine the optimum balance between payload weight and propellant weight that will
give the maximum overall performance. The optimum propellant weight will also be a
function of the mission and the corresponding characteristic velocity that the Agena
vehicle must deliver.. An analysis of the presently available mission model for the

first 10 years of shuttle operation shows a high concentration of missions at the syn-
chronous equatorial orbit (Vch = 14, 100 ft/sec). To capture ais many as poséible of
these missions, it is important to optimize the performance capability for this char-
acteristic velocity; therefore, the synchronous equatorial mission was used as the de-
sign point for this analysis. This means that the evolutionary stagé will be sized for
maximum propellant loading at this characteristic velocity, and for missions of lower
energy the propellants will be offloaded to give the best poséible performa_nce within
the shuttle payload weight constraints of 65, 000 pounds. This is indicated by Fig. 5-2,
which shows how the resulting performance capability will be reduced for missions

below a characteristic velocity of 14, 100 ft/sec.
5.2 PROPULSION SYSTEM

An important parameter with respect to the performance capability is selection of a
suitable' propulsion system. The study guidelines specify that the propellants must be
storable, and all the mission réquirements as far as restart capability, number of
burnmg periods, and mission duration are the same as for the Agena tug _configuration.
Lockheed has for some time investigated what propellant combination would be most
suitable for an improved version of the Agena, and two basic propeilant combinations

have been selected as promising candidates:

e HDA/USO (UDMH plus Silicone Oil)
N,O0,/MMH + SO (MMH plus Silicone Oil)

Both of these combinations are compatible with the Agena system and can be used in
the Agena engine with a minimum of modifications. The propulsion data pertinent to
this study are summarized in Table 5-1. To ensure proper hot restart for a short

cooldown between engine burning periods the tank working pressure specified in
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Table 5-1
PROPULSION DATA FOR HDA/USO AND N2 0] 4/ MMH PROPELLANT COMBINATIONS

The following propulsion data are based upon 50, 000 pounds of total propellants at
o : : .
75°F: : ' ' ' '

Densities

Specific Gravity of HDA/USO___1.6272 (101.48 1b/ft3)/o. 7864 (49.045 1_b/ft3)
Specific Gravity of N,0,/MMH_1.436 (89. 559 1b/1t3)/0. 8755 (54. 602 1b/ft3)

' Vapor Pressures

HDA/USO 13.0 psia/2.9 psia
N204/MMH 17.0 psia/0.90 psia

Ullage Volume
5.0 £t5 in All Tanks

Nonimpulse Propellants (Ten starts)

HDA/USO 667.2 1b/146.6 1b
N204/MMH : 608.0 1b/153.1 1b

Engine Overall Mixture Ratio

HDA/USO _ 2.653:1

N204/MMH 1.82:1
Engine ISp

HDA/USO : ‘ 310 sec

N204/ MMH : 322 sec

Engine Flow Rate

HDA /USO ' 5 56.84 lb/sec
N20 4/MMH -50.60 1b/sec

Engine Thrust

HDA/USO 17620
N,O 4/MMH 16300
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Table 5-2 should be maintained. The difference in tank pressures result from variations

in vapor pressure between the propellant components.

Table 5-2
SPACE TUG MAXIMUM WORKING DESIGN TANK PRESSURES (PSIA)

HDA/USO N204/MMH + SO
Anodized Pumps _ 48/28 94/22
Anodized Pumps and Stainless Steel 33/43 74/25

Bearing Support (Oxidizer Pump)

Anodized Pumps, Stainless Steel )
Bearing Support (Oxidizer Pump), 30/25 52/22
and Quench

The recommended design solution for accomplishing hot-pump restart, using the HDA/
USO or N2 O 4/ MMH propellant combinations is to anodize both pumps; or both pumps
may be anodized in combination with a stainless-steel oxidizer bearing support. Both

solutions are passive and do not detract from propulsion system reliability.

In designing tanks for the space tug, maximum tank working pressure has a direct and
significant effect on tank weight., Therefore, in addition to the anodized pumps and
stainless steel oxidizer pump béaring support, the use of a quench system for pump
aséembly cooling is introduced for consideration. This quench system would utilize the
engine oxidizer propellant that is normally vented overboard following each burn and
route it through the hot turbine manifold and rotor. The system could introduce addi-
tional valving and sequencing into the present Agena propulsion system design with an
attendant increase in complexity. Therefore, until more detailed space tﬁg design
tradeoffs are made, a passive solution is recommended. However, if significant tank
weight savings are required, a quench or other system could be-conside-red for develop-
ment, and thcse lower pressure values presented in Table 5-2 used for preliminary

estimates.
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5.3 TANK DESIGN

5.3.1 Location of HDA Tankage

Before a point design of the evolutionary stage Agena for a given propellant loading was
undertaken, several elements were investigated that contribute significantly to the weight
and geometry of the stage. The first im)estigation involved the optimum location of the
oxidizer (HDA) tankage. Since a common bulkhead separates the forward and aft tanks,

it is necessary to maintain a constant pressure in the forwérd tank to prevent buckling
and possible collapse of the tank fne,_mbrane. Placing the HDA tank forward produces

an automatic positive pressure of 20.0 psi(i across the membrane due to the higher op-
erating pressure of the HDA tankage. Additionally, the higher vapor pressure of the
HDA tank requires less helium to expel the liquid.

Utilization of a true ellipsoid (no cylindrical section) does not constrain the diameter
of the tanks, but allows the diameter to be determined by the tankage requiring the
greatest volume in the forward tank, which is the oxidizer. This philosophy also yields
the shortest overall tankage length, '

Placing the HDA in the aft tank automatically dictates that the pressure of the UDMH
in the forward tank be 5.0 psid higher than the 48. 0 psia in the HDA tankage. Since
the operating pressure is highér in both tanks with this arrangemeﬂt, a severe weight
penalty to both tanks results. In consideration of the inherent benefits, the placement
of the HDA tankage forward was selected. Figure 5-3 illustrates these two concepts

and their effect upon the tank geometry.

5.3.2 Tankage Configuration

A second investigation determined the effects on the tank weights and lengths as a
function of tankage diameters for a given propellant loading. Total propellant loadings
of 35,000 pou.inds, 48,000 pounds, and 56,000 pounds were considered for each of the
tankage configurations, which provided sufficiently accurate scaling laws for evaluating
the generated data. Both the oxidizer and fuel tanks were sized to include an ullage

capacity of 5 cubic feet at a temperature of 75°. An O/F ratio of 2.65:1 was used
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for sizing the oxidizer and fuel tanks. It was determined that for each family of
configurations for a given propellant loading that the 90-inch diameter tank was the
lightest, followed by the 105~inch diameter, with the variable diameter exhibiting the
heaviest weight. The weight differential beﬁweéh tanks within a family was less as the
propellant loading diminished.’ VHowever, the total weight differential is on the order
of 12 to 20 percent of the tank weight, These tank configurations are shown in

Fig. 5-4, ‘ '

As a representative example of the results for a propellant loading of 48, 000 pounds
it was determined that the 90-inch-diameter tank weighed 436.0 pounds, the 105.0-
inch-diameter tank weighed 458 pounds and the 118. 0-inch-diameter tank weighed
514 pounds.

The third study involved evaluation of the stage length for each tank configuration as
a function of propellant loading. The stage lengths were derived by adding the constant
lengths for the forward and aft sections to the variable lengths of each tank configura-
tion, The relatipﬁship in lengths between the three tank configurations is expressed in
Fig. 5-5. As expected, the stage utilizing the variable tank diameter geometry pro-

duces the shortest stage length.

5.3.3 Optimum Propellant Loading and Tank Size

As discussed under par. 5.1, (;he evolutionary Agena tug will be designed to give maxi-
mum payload capability at a velocity corresponding to injection into a synchronous
equatorial orbit. Assuming that the maximum shuttle capability of 65, 000 pounds can
be used, the following weight relationship must be satisfied:

(Agena empty weight + Agena propellant weight + payload weight + support

equipment weight) = 65,000 pounds. '

The support weight is practically constant for all missions, 800 pounds.

The maximum Agena ignition weight, including the payload is then 65, 000
~ 800 == 64,200 pounds.
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Figure 5-6 shows the variation of payload weight vs propellant weight for the velocity
corresponding to the synchronous equatorial mission. Introducing the constraint on
the vehicle ignition weight gives an optimum propellant loading of 48,800 pounds. Fig-
ure 5-7 gives the relationship between the tank propellant capacity, tank diameter, and
length. This curve is based on a /2 ellipse ratio to control the tank endcap geometry,
which corresponds to the variable tank diameter configuration previously discussed.

The tank dimensions corresponding to a total propellant load of 48,800 pounds are:

e Diameter 118. 8 inches

e Length 126. 0 inches

A direct comparison of a 90-ihch—, 105-inch-, and 118, 8-inch-diameter tankage for a
propellant loading'of 48, 800 poﬁnds is illustrated in Figure 5-8. Even though the
tankage configuration for the 90-inch-diameter yielded the lightest weight, the stage
employing the variable tank diameter is 5 feet shorter. Although weight of the
tankage is an important element to be considered, it was concluded that higher
overall beneﬁts could be achieved by shortening the Agena stage length to provide
the maximum payload length within the shuttle cargo compartment. For this reason,
the variable diameter configuration was selected for further consideration of the

evolutionary Agena space tug.
5.4 HDA ULLAGE PRESSURE CONSIDERATIONS

As mentioned, the variable diameter tankage conﬁgufation having a diameter of 118.8
in. contains 48,800 pounds of propellant, which is optimized for the synchronous
equatorial mission. The ullage volume of 5 cubic feet for these tanks was established
for a maximum propellant bulk temperature of 75°F. Increasing tankage size to 120
inches in diameter for a propellant loading of 48,800 pounds provides an ullage volume
of 6.5 percent in the tankage, which allows a significant rise m bulk temperature and
corresponding ullage pressure without approaching the design ultimate strength of the
tank membrane. As shown in the ullage pressure vs temperature plot for the HDA tank
(Fig. 5-9) the temperature could rise to 100°F and maintain a comfortable structural
margin of safety in the HDA tankage. Significant improvements are achieved in the

UDMH tank; however, the study was made for the HDA tank only, since the higher
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vapor pressure of the oxidizer makes fhe temperature rise more acute for this tank,
If the temperature within the loaded tank does not excee.d 75°F to‘drive .the ullage pres-
sure up and 5 cubic feet are provided for the ullage area, a maximum of 51, 300 pounds
of propellant can be stored in the 120-inch-diameter tankage. In view of the signifi-
cant gains associated with this concept, the 120-inch-diameter tank was selected for

the point design of the evolutionary stage Agena.-
5.5 EVOLUTIONARY STAGE CONFIGURATION

After the propellant tank configuration was established and the exact propellant_loading
was selected, a point detail design for the evolutionary Agena space tug with a diameter
of 120 inches and a length of 275 inches was completed. The inboard profile (Fig. 5-10)
shows the major subsystems and principal components. Basically, the evolutionary
Agena space tug is comprised of three major sections, the forward equipment section,
the intermediate propellant tank section, and the aft propulsion section, It strongly

resembles the present Agena vehicle,

All of the guidance, electronics, power propellant tank pressurization, and telemetry-
systems are installed in the forward section. The structure for this section is semi-
monocoque, utilizing external trapezoidal stringers and internal beams that provide
structural stiffness as well as mounting bases for the functional equipment. installed
in this section. The forward oxidizer tank is a true \/2:1 ellipse; the lower head pro-
vides a common bulkhead for both tanks. The aft head of the fuel tank is J2:1 semi-
ellipse. A cylindrical section joins the two tanks at a Y-ring near the equator of the
oxidizer tank. The membrane, as well as other tank components, will be made of

2021 aluminum alloy.
The aft propulsion section is comprised of an engine thrust cone attached to the fuel
tank head, the rocket engine accessories, and supporting truss. The attitude control

thrusters and aitrogen storage tanks are also mounted in the aft section.

An artist's drawing of this configuration is shown in Fig. 5-11.
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5.5.1 Structural Capability — Cantilevered Support

Although a lighter weight space tug that would provide supports at both the payload/
Agena interface and at the payload CG could be conceived, a cantilevered support con-
cept was chosen to maximize payload flexibility and simplicity, aswell as toreduce pay-
load support equipment weight, Since the shuttle abort mode landing condition with the
payload attached to the dry Agena imposed the most severe loads, the Agena structure
was designed to this mode. The larger, 120-inch-diametér stage increases the strength
capability of the evolutionary stage. Figure 5-12 shows the space tug installed inside
the shuttle payload compartment in the most aft position for maximum utility of the
cargo compartment when transporting long, low-density payloads. The struétural load
capability of the evolutionary Agena Space tug is expressed in terms of the payload
lever arm and the payload weight for a corresponding CG location. The CG locations

for the Viking and Intelsat IV payloads are shown for reference.

5.5.2 Interface Comparison

The evolutionary stage impact on the established space shuttle/Agena space tug inter-
face is minimal. The cargo bay support cradle structure requires redesign to accom-
modate the larger stage diameter., The weight tradeoff between the reduction in size

of the support structure relative to the required increase in tube size and gage results
in a nominal support structure weight decrease of 30 pounds. Large-diameter emer-
gency dump lines may be requifed to compensate for the increased propellant load if

the dump time is considered to be excessive. The interface characteristics are sum-

marized in Table 5-3.
Since the evolutionary stage utilizes the same electronics as the Agena space tug, no
changes are required in the Agena/payload service panel or the Agena console located

in the orbiter mission specialist station. Safety instrumentation, propellant tanking

techniques, and vehicle flight operations also remain the same.
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Table 5-3
SUMMARY OF INTERFACE CHARACTERISTICS

Evolutionary Stage Comparison

Interface Area With Agena Space Tug

Cargo Bay Support Structure - - Modified for 10-ft Vehicle

Diameter
Emergency Dump Same (Larger Diameter Lines

May be Required)

Electrical Umbilical Same
Disconnects ‘ Same
Agena/Payload Ser;ice Panel Same
Safety Instrumentation Same
"Agena Specialist Console Same
Propellant Tanking and Véhicle Handling Same
Vehicle Operations Same

5.5.3 Weight Summary

Table 5-4 gives a weight breakdown of the evolutionary Agena tug designed for UDMH/
HDA propellants accérding to sub'sy:stem; all the subsystem components are the same
as those used for the Agena tug configuration discussed under par. 2.3. The only dif-
ference in weight between the two configurations is therefore in the structural sub-
system. Also, for the evolutionary Agena a general contingency of 10 percent has
been added to all subsystems to cover uncertainty of new designs and added weights

of increased wire lengths, etc. Table 5-4 also shows the difference in configuration
weight between the three model missions used for this analysis. Again the rationale
behind the seleetion of the mission peculiar equipment and the configuration definition

is the same as for the Agena tug configuration discussed in Section 3.
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WEIGHT BREAKDOWN FOR EVOLUTIONARY AGENA TUG USING UDMH/HDA

Synchronous 30-day
Plapetgry Equatorial Low E?.rth
Injection Injection C.)rb%t
Mission
Structure
Forward Section 211 211 211
Tank Section 478 478 . 478
Aft Section
Thrust Cone 58 58 " 58
Aft Skirt and Ring 121 © 121 121
Structure for N,, Bottles and )
Thrusters : 7 7. 7
Total Strucl;ures. 875 - 875 875
Electrical Power -
Primary Batteries 7 32.2 120.0 52.0
Power Distribution J-Box 9.1 9.1 9. 1.
Aft Control and Instrument. J-Box 6.2 6.2 6.2
Main Power Transfer Switch 2.6 2.6 2.6
Wire Harnesses 37.4 37.4 37.4
Pyrotechnic Control Box 4.5 4.5 4.5
Solar Array o - —_ 20.0
Charge Control — — 18.0
Cables — _ 10.0
Total Electrical Power 92,0 180.0 160.0
Propulsion
Rocket Engine 225.2 225.2 225.2
Nozzle Extension Kit (46 +27) 73.0 73.0 73.0
Multistare Kit 28.0 28.0 28.0
Propellant Fuel and Oxidizer
Feed Bellows 2.0 2.0 2.0
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Table 5-4 (Cont)

Planetary | SyRchronous | o\ pnh,
Injection Injection (?rb_lt
A R Mission
Propulsion (Cont)
Helium Fill Couplings 0.3 0.3 0.3
Pyro He Control Valve 3.8 3.8 3.8
M—é9 Pressure Squib 0.1 0.1 0.1
Propellant Dump Valves and Lines 2.8 2.8 - 2.8
Regulator Pressure System ‘ 7.9 7.9 7.9
Fast Shutdown Kit . 1.9 1.9 . 1.9
Propellant Vent Coupling : 0.4 0.4 ' 0.4
Helium Tanks (3) : ‘ 47.7 47.7 47.7
Check Valve ‘ 0.2 0.2 0.2
Fuel and Oxidizer Feed Bellows } 2.7 2.7 2.7
Propellant Isolation Valves- 11.0 11.0 ' 11.0
Helium Plumbing 2.0 2.0 2.0
Propellant Plumbing | 8.6 8.6 8.6
Engine Exhaust Shields 1 3.5 3.5 3.5
Total Propulsion | 421.0 421.0 421.0
Communication
PCM TLM, Type IV , 4.0 © 4.0 \ 4.0
TLM J-Box 5.2 5.2 5.2
Decoder 2,3 2.3 2.3
Multicoupler 1.6 1.6 1.6
Receiver-Demodulator 9.0 9.0 9.0
Transmitter o : 3.5 9.0 3.5
Baseband Unit 1.0 1.0 ' 1.0
Coax Cables : " 2.0 - 2.0 2.0
Omni-Antenna 1.5 1.5 : 1.5
Parabolic Antenna - N - 9.0 - -
Total Communication ' 30.0 45,0 30.0
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Synchronous 30-day
Plzfnet?ry Equatorial Low E_arth
Injection Injection O_rb%t
Mission
Guidance and Control
Flight Control Electronics 8.6 8.6 _
Inertial Sensor Assembly 36.6 36.6 36.6
Guidance Computer 46.8 46.8 46,8
Hydraulic Power Package 8.7 8.7 - 8.7
Hydraulic Actuators (2) 6.7 - 6.7 - 6.7
Nitrogen Tank 21.2 21,2 21.2
Nitrogen Regulator 7.9 7.9 7.9
Nitrogen Fill Valve 0.3 0.3 0.3
Thrust Valve Cluster (2) 9.2 9.2 9.2
Attitude Control Plumbing 2.8 2.8 2.8
Nitrogen Temperature Probe 0.5 0.5 0.5
Nitrogen Tank Fittings 0.8 0.8 0.8
Hydraulic Plumbing 3.0 3.0 3.0
Status and Safety Checkout .

Sensors 10.0 10.0 10.0
DACS Mounting Hardware - - -26.5
Horizon Sensor Mixer Box (2) — — 22,0
Horizon Sensor Heads (4) - _ 22,2
Gyro Reference Assembly _ _ 40.0
Orbit Electronics Assembly — — 17.2
Augmented Electronics Assembly _ _ 20.2
Cable Assembly, Flat _ - 5.5
Nitrogen Regulator - _ 9.2
Wire Harness _ - 2.5
Nitrogen Bottle, Spherical (1) _ _ 22,5
Plumbing - _ 21.8
Total Guidance and Control 163.0 163.0 364.0
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Table 5-4 (Cont)

Synchronous 30-day
Planetary . Low Earth
L Equatorial P
Injection Iniecti Orbit
njection . .
Mission
Contingency 160.0 170.0 180.0
Total Configuration Dry Weight 1741.0 1854.0 2030.0
Helium Gas 10.0 10.0 10.0
Nitrogen Gas 31.0 31.0 "81.0
Propellant Loaded '
(UDMH/HDA) (75°F) 45,610 48,792 17,230
Total Configuration Wet Weight 47, 392 *50, 687 19, 351

The propellant loading for the synchronous-equatorial orbit mission is 48,800 pounds,
For the planetary injection mission the velocity requirement is less than that of the
synchronous equatorial mission; therefore, the propellant loading must be reduced
somewhat, so that the total weight of the shuttle payload does not exceed the 65,000
pounds. The optimum propellant loading for this case was found to be 45, 600 pounds.
For the sun synchronous low altitude orbit mission, the shuttle must be launched into

a near polar orbit. The total shuttle payload capability for this launch is only 40, 000
pounds. The Agena tug must therefore be offloaded with respect to propellant, so that
this weight is not exceeded. The optimum propellant load for this mission was the de-
termined 17,230 pounds. This will reduce the performance capability of the evolutionary
" Agena tug considerably for this mission; as d‘iscussed in Section 6, the Agena space tug

(60¥inch diameter) will actually show a higher performance capability.

Table 5-5 gives a similar weight breakdown for an evolutionary Agena tug designed for
NéO 4/ MMH propellants. The only difference between these configurations is in the tank
weights, since these propellants require a higher tank pressure. The tank volume was
the same foir both vehicles, since an optimization of the tank configuration similar to
that done for the UDMH/HDA propellant was not done. The difference, however, is

expected to be insignificant.
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Table 5-5
WEIGHT BREAKDOWN FOR EVOLUTIONARY AGENA TUG USING MMH/N204

Synchronous 30-day
Planetary Y one Low Earth
o Equatorial .
Injection s Orbit

Injection P

Mission
Structure

Forward Section 211 211 211

Tank Section 577 577 577

Aft Section 186 186 186

Total Structure 974 - 974 974
Total Electrical Power 92 179.8 159.8
Total Propulsion 421.1 421.1 421.1
Total Communication | 30. 1 44.6 30.1
Total Guidance and Control 163.1 163.1 364.1
Contingency ) 170.0 - 180.0 190.0
Total Configuration Dry Weight 1850.0 1963.0 2139.0

Helium Gas 10 10 10

Nitrogen Gas ’ 31 31 ' ’ 81

Propellant Loaded :
(MHH/N,0,) (75°F) 44,767 47,948 16, 751
Total Configuration Wet Weight 46,658 49,952 18,981
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Finally, Table 5-6 gives weight sequehceé for the three model missions, from the total
Agena weight and until the mission is completed. This table includes both the UDMH/

HDA and the MMH/N20 4 versions of the evolutionary Agena configuration. The support
equipment weight was obtained from Table 2-5, using a cradle compatible with the pay-
load capability, * The nonimpulse propellant was estimated on the basis of the required

number of burning periods for each mission.

An artist's conception of the evolutionary stage Agena is shown in Fig. 5-13.

*For the extended cradle support the weight was reduced by 40 pounds, since the struc-
ture mounts of the support cradle are shorter.
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Table 5-6
WEIGHT SEQUENCE

Planetary Injection

Synchronous Equatorial

Low Earth Orbit

Injection 30-day Mission
UDMH/HDA MMH/NZO 4 | UDMH/HDA MMH/NZO 4 UDMH/HDA MMH/NZO 4
Total Evolutionary Agena Tug
Installed Weight (No Payload) 48,188 47, 454 51,483 50, 748 20,691 20,321
Less Agena Support Weight 796 796 796 796 1, 340 1,340
Evolutionary Agena 47, 392 46, 658 50, 687 49,952 19, 351 18,981
Deployment Weight ’ ’ ’ i ’ ’
Less Impulse Propellant 45,148 44,299 48,196 47, 358 16,504 16,052
Pre-Flows 11 11 33 30 66 66
Post-Flows 60 54 180 162 360 324
Nz-Gas Used 8 9 8 9 63 63
Evolutionary Agena Weight :
at Spacecraft Separation 2,165 2,303 2,270 2,393 2,358 2,476
Less Propellant Residuals 167 178 167 178 167 178
Propellant Margin 224 225 216 220 133 131
Remaining N2-Gas 23 22 23 22 18 18
He-Gas 10 10 10 10 10 10
Evolutionary Agena Dry Weight 1,741 1,850 1,854 1,963 2,030 2,139

g 1xed ‘Il 10A
G£92S1A-ISIN'T



ANVAWOD 3DOVdS B S3IATISSIWN AITIHMOO0T

1€-G

Fig. 5-13 Evolutionary Stage Agena With Intelsat IV Payload
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Section 6
PERFORMANCE CAPABILITY

6.1 PERFORMANCE GUIDELINES FOR BASELINE AGENA SPACE TUG

Four general areas categorize the basic guidelines for deriving the actual payload weight
values to determine the Agena space tug performance capability: (1) mission specifi-
cation, (2) vehicle weights, (3) vehicle propulsion characteristics, and (4) performance

constraints.

6.1.1 Missions

The mission definition specifies the initial and final orbit conditions, AV schedule, and

associated coast times for the following reference cases:

e Synchronous Equatorial Mission
e 1982 Viking Mars Interplanetary Mission

e Low-Earth, Sun-Synchronous, Multiple-Orbit, 30-Day duration
Mission

These missions are discussed in detail in par. 4. 1.

6.1.2 Vehicle Weights

Vehicle weights specify the impulse and nonimpulse propellant loadings and, by defining
the stage inert weight, specify the difference between vehicle burnout weight and pay-
load weight. For the Agena space tug the weights are based upon the current baseline

Agena configuration modified for the space shuttle application.
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6.1.3 Propulsion Characteristics

From a performance standpoint the two propulsion parameters of interest are the
specific impulse and engine thrust levels. The Agena space tug configurations that
were analyzed include the use of the current engine and UDMH/IRFNA propellants at
290. 8 sec ISp and 16,100 pounds vacuum thrust, as well as UDMH/HDA propellants

and engine improvements, which yield 310 sec ISp and 17,400 pounds of vacuum thrust.
6.1.4 Constraints

The primary performance constraint is a maximum Agena space tug plus payload igni-
tion weight limitation, corresponding to the 65, 000-pound space shuttle delivery capa-
bility due east at a 100 nm circular orbit. The actual ignition weight limit is set by
subtracting from the 65, 000-pound space shuttle delivery capability the support structure
neceséary to hold the Agena in the space shuttle cargo bay. Another constraint is the
use of a 100 nm circular parking orbit'condition for space shuttle delivery and Agena

space tug ignition conditions.
‘6.2 PAYLOAD CAPABILITY

The Agena space tug performance capability under the above guidelines is given in
Table 6. 1.

Table 6-1
AGENA SPACE TUG PAYLOAD CAPABILITY

Payload Weight (1b)

Mission Isp =290.8 sec | Isp =310.0 sec
Synchronous-Equatorial 2,'257‘ 2, 804
Interplanetary . 3,540 4,225
Low Eaxth, Sun-Sync Orbit* 9,770 (Each Orbit) 10, 053 (Each Orbit)

*Agena space tug payload performance is constrained by space shuttle payload
capability for near-polar orbit.
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All payload capability shown is based upon withholding a flight performance reserve of
Agena propellant weight equivalent to 1 percent of the mission AV...The current Agena
engine and UDMH/IRFNA propellants at 290. 8 sec Isp
synchronous-equatorial conditions, 3540 pounds of payload towards Mars on the 1982

yields 2257 pounds of payload to

Viking mission, and two payloads each weighing 9770 pounds in support of the low-earth,
sun synchronous, 30-day duration mission. The effect of utilizing the high-density acid
oxidizer that, with injector and nozzle improvements, raises the Isp to 310 sec, is to
produce 24 percent (547 pounds) increase into synchronous equatorial and a +19 percent
(685 pounds) for thé interplanetary mission. The 280-pound gain per payload for the

low earth sun synchronous orbit comes about because of the redefined match point be-
tween shuttle delivery capability and Agena performance for this spe01flc mission defi-
n1t10n. The initial target orbit conditions for the 600 nm, circular, sun synchronous
portion of the low earth cfrbitimission require an inclination arigle of 99.88 deg. For
Agena space tug initial cdnditions corresponding to 100 nm circular orbit and 99. 88 deg
inclination angle, the Vsubsequent f;otal mission AV sequence, togethei' with thé Spe_cified
vehicle characteristics, results in a maximum capability ignition weight of 56, 000 pounds
for 290.8 sec Isp and 62,1000 pounds for 310 sec Isp. Since the space shuttle delivery
capability to a 100 nm circular orbit at 99.88 deg inclination angle is only 26,500 pounds,
the maximum capability ignition weight of the Agena space tug and payload for these
conditions would exceed the space shuttle delivery capability by 29,500 pounds and
35,500 pounds, respectively. Increasing the shuttle delivery capability by lowering the
initial Agena space tug inclinat_ion angle also lowers the payload capability into the 600
and 400 nm circular orbits, since the AV requirements increase to change the new initial
inclination angle to the required 99.88 deg. These relationships are illustrated in
Fig. 6-1, The match points for shuttle capability and fully loaded Agena plus payload
ignition weight occurs at 93, 05 deg inclination angle and 34, 660 pounds initial weight

for Agena Isp = 290. 8 sec, and 92.27 deg and 35, 650 pounds start weight for the 310 sec
Isp Agena. These conditions result in the aforementioned payload weights of 9770 pounds
for 290. 8 sec ISp and the small gain of only 280 pounds, yielding 10, 053 pounds for the
310 sec Igy, configuration.

.6-3
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Fig. 6-1 Low-Earth-Orbit Mission Performance
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6.2.1 Performance Simulaﬁons

Table 6-2 provides the data necéssary to relate the Agena space tug inert.weights
shown in Tables 6-3 through 6-12 with the vehicle weights given in par; 2.3. For
each mission and Agéna space tug propell~ant combination, Tables 6-3 through 6-12
contain a typical exa.mpié of the computer program printout thqt determined the"-in—
dividual payload weights. Included in the data are (1) a summary of parametric AV
versus maximum payload weight capability, with and without an ignition weight .con—
straint and the associated perforrﬁanée partials; (2) an online outboard profile of the
Agené space tug in the space shuttle cargo bay includidg pertinentgeometrical parameters
and tank capacities; (3) an Agena space tug weight statement peculiar.to each mission
application, including a propulsion syvstem. éharacferistic summary; and (4) a mission
description, sequence of events, and running weight sequences on propellant wéight

and absolute weight as well as weight losses, such as the transients between burns.

' .6-5
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Table 6-2

SUMMARY OF PERFORMANCE-PERTINENT BASELINE VEHICLE WEIGHTS

Synchronous-Equatorial Interplanetary Low-Earth-
Mission Mission Orbit Mission
Agena Agena Agena Agena Agena Agena
I =290.8 seci{I =310 sec|I =290.8 seclI =310 secil =290.8 sec{I =310 sec
sp Sp sp : Sp Sp sp
Dry Weight 1,369 1,396 1,273 1,300 1,489 1,516
Propellant Residuals - 48 72 48 72 48 72
Pre-Flow 30 33 10 11 60 66
Post-Flow 135 141 45 47 270 282
Propellant Margin 57 62 63 68 . 140 135
Impulse Propellant 13,291 13, 647 13,395 13,756 13,043 13, 399
Helium Gas 3 3 3 3 3 3
N2 Gas 30 30 30 . 30 - 78 78
Wet Weight 14, 963 15, 384 14, 867 15, 287 15, 130 15,551
Impulse Propellant 13,291 13, 647 13,395 13, 756 13, 043 13,399
Pre- & Post-Flow Propellant 165 174 55 58 330 348
Propellant Margin 57 62 63 68 140 135
N2 Gas 8 9 8 8 68 73
Wet Weight at Burnout 1,442 1,492 1, 346 1,397 1; 550 1,596

g 31ed ‘II 1oA
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Table 6-3
CANDIDATE AGENA SPACE TUG CONFIGURATIQN

" ese STANDARD AGENA
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LENGYH  TYYPE LENGYM  VOL, VoL, VOLj VOL Llevio L1auip L1autp IMPULSE  IMPULSE

(FT) (FY) (FYY) (FTY)  (ET3) (FTY) (FT3) (L8 _{Le) Y (SEC)

39,06 FueL 9,7 65,4 14,4 79,8 i.6 78,2 IR41 .6 3.6 3828,0 29,8

100 OX 7.9 32,7 72,4 109,11 5,3 99,9 9719,3 34,4 9484,9 - -
GEOMETRY OF TANKS

DIMENS1ON A 8 ¢ D E F G W 1 J X L " N P Q

IN FEEY 0 %7 7,9 2,5 6,1 2.8 .0 .0 .0 7 2.5 2,0 20,9 394 ,0 60,0

IN INEWS 0 68,4 94,8 30,0 73,1 30.0 07 .0 0 8,8 30,0 23,4 251,3 4687 .0 720,0
DiMENS1ON o{ 02 03 54

In FEEY 5,0 5.0 5.5 15,0 I
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Table 6-3 (cont)

ENGINE CHARACTERISTICS

8-9

PROPELLANT TYPE. MTXTURE RATI0 (0/F) OX DENSTTY FUEL AENSITY
MATN ENGINE UDMH/402 2,53 97.3 LRS/FT3 49,1 LBS/FT3
REACTION CONTROL SYSTEM N204/UDMH
MAIN SYSTEM T =
DESTGNATION 8096 BELL ENGINE {MULT]~-START)
SOURCE . ..BELL AEROSPACE CORPORATION . .
OPERATING CONDITIONS ’
VACUUM THRUST 16080. LBS
VACUUM sPECIFIC IMPULSE 290,89 SEC
FLOW RATE 55.3 LB/SEC
o EXPANSTON RATIO s 55/ o SR — —
MINTMUM 81T 1MPULSE ~ 23750. “UBTSEC

2 1xed ‘Il oA
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CANDIDATE AGENA SPACE TUG PERFORMANCE CAPABILITY (I sp

Table 6-4

PERFORMANCECE

SUMMARY

= 299. 8 _sec)

ON ORBIT VELOGITY

2000,

FPS

MISSION MODE~

IGNITION WT,

PROPELLANT WT,

P/L DELiVERE
LB

5 B/L RETURNED

P/L DFL, DEN,

P/L RET, DEN,

LB L8 LB LB/FT3 LB/FT3
EXPENDABLE 70175, 13513, 55220, 0, 8,000 ,000 .
FIXED IGN, wT, 65000, 12517, 57041, 0, 7,394 ©,000
REUSABLE/Y _ 68289, 13513, 53334, . 0, 7.726 ,000
FIXED IGN, WT, 65000, 12880, 50678, ] 7,542 1000
REUSABLE/2 38067, 13513, 23112, 23112, 3,348 3,348
FIXED IGN, WY, 65000, 0, 0. 4,000 1000
REUSABLE/3 {4955, 13513, - 0. 40786, v ,000 5,909
FIXED IGN, WT, 65000, . 0+ . .0, L .0, 000 +000
.._MISSION: DISIGNs AND PERFORMANCE SENSITiIVITIES
EXPENDABLE REJSABLE/1 REUSABLE/2 REUSABLE/3
aP/LD aP/LD aP/LR sP/LA aP/IR apP/LD aP/LR

aIsp J218+03 (P18%0% . 000 Via5ens ,143%03 , 000 v 317%03

UL »,238+406 m 231406 .000 "#4559+p5 =,559+05 ,000 v, 387405

. hu2 2000 _»)553*05  =,553+09 0000 =,168406

apvi . 000 ey 740401 «,740+0% ,000 »,513401

aDy2 -,801+00 »y100%01 .000 01740%01  ~,740+0% ,000 9,225402

syt ~1100401 =1231404 .000 ,100+n1  =,1D0+0¢ 000 ©,176401

aWpP 1 419%01 1419401 000 1182+p1 .182+01 000 . 1321401

aR : 000 1697405 =,224+06 1524405 -, 401405 , 408405 #,312405

_ON ORBIT. VELOCITY =

,,,,,,, e _...Aoo0., FPS _
MISSTON MODE IGNITION WT, PROPELLANT WY,  P/L DELIVERED P/l RETURNED P/L DFL, DEN, P/L RET. DEN,
e . LB kB .. LB S . \BJEY3_ __ ____LB/FI3
EXPENDABLE 38825, 13513, 23870, 0, - 3,458 .000
FIXED IGN, WY, 65000, by ] 8 0y 000 1000
REUSABLE71 36545, T T ALy, T TTTTTTTTTLse0. T T T TR, T 3,128 ,000
FIXED 1GN, WT, 65000, C 0, 0, ’ 000 4000 -
REUSABLE/2 . 23319, 13513, 8344, 8364, 7,212 1,242
FIXED IGN, wt, 65000, D 0. . 0 4000 TTTT.000 7
REUSABLE/3 14955, 13513, 0, | - 13654, ,000 1.978
FIXED IGN, WT, 65000, ) ) o0 0o Oy 000 1000
o "MISSTONs DISTGN, "2ND PERFNRMANCE SENSITIVITIES 7
EXPENDABLE REUSABLE/L REUSABLE/2 REUSABLE/3
sP/LD aP/LD aP/LR sP/LD aP/iR aP/LD  aP/LR )
a1sp 1107403 1110403 000 1641402 .641+02 ,000 1127403
ay1 =,474+05 r, 446405 ., 000 =1110+05 «,110+05 ,000 »,116405
ay?2 = ALAH04T TR R1AT0YT U000 T T e 109% 05 T 109405 T T, 060 =,274+05
apvy ~,778+401 ~1732+01 .000 n 181401 -,181+04 ,000 ", 189401
eDv2 =1443+00 » 687400  ,000 {81401 -~,1R1+01 000 ", 453401
syl 4100401 =,258+01 000 »y400+01  ~,100+0% 000 m163401
awp \187+401 1187+01 ,000 1726400 . 726400 000 +1184014
aR 2000 .7 2391405 -.404+05  ,205+05  =,130+05 137405 =,864+04

<r‘
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Table 6-4 (cont)

SERFORMANCE SUM

MARY
ON ORB!T VELOCITY = 6000, FPS
“MIBS10N MOOE IGNTTION WT, PROPELLANT. WY, ~ P/L DELIVERED P/L RETURNED P/L DFL. DEN, P/L RET,; DEN,
‘LB L8 LB L8 LBIFTI LA/FT3
EXPENDABLE — 2853%, 13513, 13578, 0. 1,967 ,000
FIXED 1GN, WT, 65000, ! ] R 0, ,000 1000
REUSABLE/Y 25732, 13513, 10777, 0, 1,564 000
FIXED IGN, Wt 65000, 0 0 0, ,000 +000
REUSABLE/2 18617, 13513, 3662, 3662, 53¢ 331
FIXED IGN, WT, 45000, : 04 0. 0 4000 000
REUSABLE/3 ] 14955, 13513, 8 0. 5547. .000 .804
FIXED IGN, wt, 65000, 0, 1000 1008
M1SSION. oxsch. AND__PERFARMANCE SENSI'HV!T!ES
EXPENDABLE REUSABLE/1 REUSABLE/2 REUSABLE/3
aP/LD aP/LD aP/LR aP/LG aP/iR . sP/LD aP/LR
DE +700+02 1 762%D2 ,000 1 371%02 371402 ,000 1649402
ay1 =,167+405 = 154+05 1000 ny370%04  ~,370404 +000 =, 480404
. 8y2 __.=,305%04 __ ~,305%04 .000 ,366+04 -, 366404 000 %,760&04
apvy =, 339+01 wy 306+01 .000 «4752400 ~,732+00 1000 n,915400
apy2 ~, 326400 »4 625400 .000 n,752400 =,752+00 +000 196401
A +,100+01 =1294+01 .000 =.100%01  =,100+0% ,000 9,1514+0%
ayWp ,111+01 v 111408 .000 1378+00 ,378+00 ,000 ,572+00
R ,000 »209+05 n,120+05 1967404 ~,498+04 1555+04 »,286404
ON ORBIT VELOCITY a B000. FPS
M1SSTON MODE TGNITION wT, PROPELLANT WT,  P/L OELIVFRED P/L RETURNED P/L DEL. DEN, P/L RET, DEN,
LB LB LB LB LB/FT3 LB/FT3
EXPENDABLE 23503, 13543, 8548, o, 1,238 .000
FIXED IGN, WT, 65000, 0 0 0, ,000 1000
REUSABLE/T 20048, {3517, 5091, O, ,738 .000 _
FIXED IGN, wT, 65000, 0 0 ] .000 1000
REUSABLE/2 = 16454, 13513, 1499, 1499, 217 217
EUXED LGN, WY, 65000, ] 8. Y ,000 000
REUSABLE/3 14985, 13513, 0. 2124, - ,000 .308
FIXED 1GN, WT, 65000, : 0, 0, 0. 000 1000
MISSION, DISIGN: &ND PERFORMANCE SENSITIVITIES
EXPENDABLE REUSABLE/1 REUSABLE/2 REUSABLE/3
AP/LD aP/LD aP/LR sP/LA___ eP/LR apP/LD aP/LR
alsp 811402 1614402 .000 1235442 ,235+02 1000 1364402
aUq ", 739404 ny 630404 .000 n, 152904 *,152+04 ', 000 v,196404
a0z =, 291%04 =~ 251+04 V000 e 151404 «,181+0% 000 n, 259404
aDV1 =,186+01 =, 458401 000 »y383¢00 =,383400 ,000 =,493400
A0V2 . 7268400  -,6384D0  .000 ~-,3B3+00 -,383+00°  ,000 =.638400
Wi T, 100%07 ~ 340401 <000 Ty i00+01 T =,100+017 T T, 000 71424014
aWp 1 739+00 +739+00 000 1218440 ,218+00 000 1308400
4R .000 1122405 =,376+04 1423404 =,177+04 1212404 », 886403

Z 3xed ‘Il [0A
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Table 6-4 (cont)

PERFORM

ANCE

SUMMAR

¥

ON ORBIT VELOCITY 2

10060, FPS

MISSTON MODE IGNITION wT, PROPELLANT WY,  P/L DELiVERED P/ RETURNED P7L DFL. DEN, P/L RET, DEN,
LB LB LB L8 LB/FT3 LB/FT3
EXPENDABLE 20574, 13513, 5879, 0. 814 L0600
FIXED IGN, WT, 65000, 0, 0. 0, , 000 1000
REUSABLE/1 16303, 13513, 1348, 0, 195 ,000
FIXED 1GN, WT, 65000, 0, 0, 000 000
REUSABLE/2 ) 15295, 13513, 340, 340, 1049 .049
FIXED 16N, WT: 65000, 0 0. -0, 00 + 000
REUSABLE/S 14955, 135173, 0. 455, ,000 066
FIXED I1GN, WT, - 65000, ] 0, | 0, . .0, ,000 1000
o MISSION:, DISIGN, AND PERFORMANCE SENSITIVITIES :
EXPENDABLE REUSABLE/Y REUSABLE/2 REUSABLE/3
aP/L0 aP/LD aP/LR sP/LD aP/(R aP/LD aP/LR
a]SP 1 395+02  553+02 ,000 y154+02 .154%02 ,000 212402
eyl ~1369+04  n,292+04 <000 n692+03  =,692+03 1000 ®906403
Y2 »,220+04 »,220+04 .000 685403  «,685+03 009 975403
aDV1 = 115+01 =~ 911+¢00 . 000 «)216%00 =,216+00 000 =,282+00
apy2 =,235+00 =, 692+00 .000 . 0216480  =,216400 000 =,307+00
oWl =,100+01 n396+01 , 000 100401 r,100+01 +000 2,134+01
awP 1923+00 4 523%00 . 000 1132+00 ,132+00 000 , 176400
aR ,000 +399+04  »,704+03 1402404 +,344403 1455403 2,184403
ON ORBIT VELOCITY = 12060. FPS e
MISSION MODE iGNITION wr, PROPELLANT WT,  P/L DELVERED P/L RETURNED "P/L DEL. DEN, P/L RET. DEN,
L8 N - N LB _.LB _LB/FY3 .. LB/FTS
EXPENDABLE 18693, 13513, 37138, 0, 542 000
FIXED IGN, WT, 65000, 04 . ' 000 1000
REUSABLE/L 13317, 135737 0. TR 800 .060
FIXED 1GN, WT. 65000, : 04 . 0. 0, , 000 1000
_ REUSABLE/2 ) 14624, 13513, . g, 4000 _+000_
" FIXED IGN, wT, 65000, By 0. 0y ,000 1000
REUSABLE/3 14958, 13513, 0. . .000 .000
FIXED XGN: WV| 65000| . s g| I 1.3 L O 0| e .l.qg_c |000
MISSTONY BTSTCN, "aND PERFQRMANCE SENSTTIVITIES
EXPENQABLE REJSABLE/L REUSABLE /2 ~ REUSABLE/3
AP/LD aP/LD aP/LR " aP/Lp aP/iR aP/LD  aP/LR
AISP \316+02 1551402 .000 14£02+62 .102+02 ,000 1125402
sU1 =,199+04 ~, 142404 .000 ~¢333+n3  =,333403 1000 =,434403
aU?Z = L99F04 T R 1990 U000 T TR 330%A3 T 2 330%03 7,000 =.386+03
apvy =, 766+00 -,550+00 .000 =1129+00 ~.129+00 ,000 =,167+00
apy2 ~4213400  =,778+00 .000 ~ 129400  ~,129+00 1000 =,150+00. B
AWl +4100+01 ~41466%01 000 =3100401  ~,100404 1000 127408
awp 1383400 1383400 .000 1822=01 . 822+04 1000 1105400
°R 1000 72565404 592403 -i104%04  ,284403  -,421+03 ,115403

g 1red ‘Il oA
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"Table 6-4 (cont)

PERFORMANCE

S$UMMARY

ON ORBIT VELOCITY =

14160,

FPS

MISSION 'MODE

“IGNITION WT,
B

PROPELLANT WT, P/L DELIVERE
L8 LB

D P/L RETURNED
L8

P/L_DFL. DEN,

P/L RET, DEN,

L LBJFT3 LB/FT3
EXPENDABLE {7355, 13513, 2400, 0. . 348 L000
FIXED IGN, WT, 65000, 04 0. , +000 1000
REUSABLE/1 10750, 13513, 0. D. ,000 .000
FIXED IGN, T, 65000, . 04 ; 0. 0, ,000 1000
REUSABLE/2 14202, 13513, 0. 0. .000 ,000
FIXED ICGN, WT, 65000, 0, o. 0, 000 ,000
REUSABLE/Y 14955, 13543, 0. 0. ,000 ,000
FIXED IGN, WT, 65000, 04 B ] 0, ) .. 0 000 +000
: MISSIONs DISIGN., AND PERFPHRMANCE SENS!TIVITIES
EXPENDABLE REJSABLE/L REUSABLE/2 REUSABLE/3
aP/LD aP/LD aP/LR #P/LD sP/LR 4P/LD aP/LR -
a1Sp 1 256%02 ,800%02 ,000 1663+A1. . 663+0% , 000 1698401
a1 =,109+04 » 677403 .000 ) 160¢03 ~,160+03 1000 ®,206403
ay2 n,185+04¢ =,185+04 .000 e, 158+03  =,158+03 000 ®.147+03
aDvy » 528400 » 327400 <000 »774u01  =,774=04 +000 7,993.01
‘DVZ n,198+00 w.904‘_'00 000 '|7_74'01 '-724"0; 1000 718001 °
a1 +,100+01 =,558+01 ,000 - »p100+01  ~,100+0% 000 =,122+01
WP +284+00 +284%00 .000 +510=p1 .510e01 ,000 162101
AR 000 wy193+05 1120404 ~,247%p4 1540403  »,918403 1200403
ON ORBIT VELOCITY = 16000. FPS

MISSION MODE

IGNITION WT,
" LB

|
PROPEL;ANT WT. P/L DELIVERED P/L RETURNED
LB .

P/L DFL. DEN,

P/L RET. DEN,

L L8 LB/FY3 LB/FT3
EXPENDABLE 16493, 13513, 1538, 0, 223 .000
FIXED 1GN, WT, 65000, 0, 0. . ,000 , 000
REUSABLE/1 8408, 13513, 0. 0. ,000 .000 |
FIXED IGN, WT, 65000, 0, 0. T 0, 4,000 +000
REUSABLE/?2 13964, 13513, 0. 0, ,000 ,000
FIXED IGN, WT, 65000, O Q. ' ,000 1000
REUSABLE/3 14955, 13513, .0 ' 000 .000
FIXED IGN, WT, 65000, 0, 0, 0, , 000 1000
MISSTON,» DISIGN, sNnD PERFORMANCE SENSITIVITIES
EXPENDABLE REJSABLE/L REUSABLE/2 REUSABLE/3
aP/LD aP/LD sP/LR AP/LY aP/LR aP/LD aP/LR
arsp 1214402 1692402 000 1442401 +442+01 1000 1394404
au1 ~, 657403 ~,335+03 . 000 ny842+402  ~,842+02 1000 2.106403
auz =, 176%04 =~ 176%04 000 = 833%02 ~.833+02 ,000 %.597%02
apv1 =389+00 ».198+00 .000 1 498=A1  =,498~04 ,000 ",629201
apve »,188+00 ~0205%01  .000 = ~»,498701  =,498-04 +000 7,357-01
AWt =, 100401 r1661+01 ,000 =)100+01  ~,100+0% 41000 =,118+01
awp 1221400 1221400 .000 1334=01 .334x01 1000 ¢393-014
s8R 000 =, 367+05 (144%04  ~,336404 1600403 ~,117+404 - ,208403
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Table 6-5

AGENA SPACE TUG SEQUENCE OF EVENTS AND WEIGHTS FOR SYNCHRONOUS - EQUATORIAL MISSION
290. 8 sec)

Tsp

SYNCWRONOUS EQUATORIZL === STANDARD AGENA

SYNCHRONOUS EQUATORIAL MISSION

INITIAL CONDITIONS 400ONM €IRE, 28,3 D&G INC EARTH ORBiT

TARGEY CONDITIONS 19330NM CIRC, 0 DEG INC EARTH ORBI!Y

FINAL  CONDITIONS

COMMENTS

OUTBOUND FLIGHT PROFILE  HOWMANN XFER OPT INEL SPLIT

RETURN FLIGHT PROFILE

STAY TIME AT TARGET .
PAYLOAD LENGTH 39,14 FT

PAYLOAD DELIVERED TO TARGEY ! 2257, PAYLOAD DENSITY 1024 iB/FT3 - BASER ON D4
PAYLOAD RETURNED TO FINAL CON 0, PAYLOAD DENSITY 1000 LB/FT3 BASER ON D¢
IMPULSE PROPELLANT 13348, RCS PROPELLANT 8,108 .
WET INERY_WEIGHT 1442, MiSS1oN SEGUENCE
CONDITIONS EVENT . Timg DELTA V ENGINE WEIGNT DELTA WT imMP PROP
DY1HRIMIN FPS TYPE- LBS LBS REM LBS
TNTTIAL  SPACE TUG DEPLOY (INGLP28,3) 01 03 .0 " s 17220,4 13348,0
: 0, RC 0
0i 0i_ .0 17220,4 §3348,0
, , 10.0 . }
PHASING ORBIT INJ (INCLS2641) 0i 0130,0 . . 17210,4 ] 13348,0
. 7932, MalN 9816,1
01 0133,0 7394,4 3531,9
. 45,0 .
ENGINE POST FLOW o1 _0133,0 7349,4- 3531,9
: - ] 0, MATN ] .0
. ot 0133,0 7349,4 3534,9
: 10.0
XFER CRBIT INJ (INCL®26,1) 0t 9141,0 - 7339,4 3531,9
i . 260, MAIN ] ) 200.0
0i 9141,0 _7139,% 3331,9
. L 45,0
MIDCOURSE + AYTITUDE cONTROL 0110323,0 ) 7094,3 o 3331,9
12, RCS 8.4
0110123,5 7086,2 ] 3331,9
- 10.0
SYN EQ INJ (INCL®0,0) 0i44152,5 7076,3 3331.9
B ] 5865, MAIN B 3276.1
0114153,4 3800,2 . 58,8
45,0
) FLIGNT PERFORMANCE RESERVES 0114153,4 B 375%,2 . 55,8
TARGET ¢ . 140, MAIN 55,8
- 3699.‘4 m40

0114:53,5

g 3xed ‘II I0A
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Table 6-5 (cont)

SYNCHRONOUS EQUATORIAL ==+ STANDARD AGENA

SPACE TUG WEIGHT AND COST SUMMARY

$1-9

SYSTEM DEFINTTION T TWETGRT : €osT : " SOURCE _
. e MS WEIGHT COST
PROPULSTON SYSTEN: : 376, . o, g [y
" ENGINE . ‘ . 0, :

PRESSUR[ZATION COMPONENTS . B,

E€TART COMPONENTS (NUMBER OF STARTSS O g, - ~

VALVES AND PLUMBING - 0
STRUCTURES _ 608, . 0, i) A)

TANKS P o B

FORWARD INTERSTAGEs DOORS, RaCKS 0.

AFT RACK AND MISCELLANOUS : D,

iNSULATION 0.
GUIDANCE AND BONTROL o 166, 0, ) 4)
T T AND € 46, ' 0, (Y] a)
REAETION AND CONTROL SYSTEM : _ f.. 0, {) 4)
POWER . 18n, 0, - 1§} a)

BATTERIES 0

WIRE MARMESSES , B,

J*BOXES AND MISCELLANEOUS . 8.

TOTAL 1369, 0,

ANVIWOD IADVHS B SATMESSIN @IIHMADOT

g 1red ‘Il I°A
G€9GSTU-OSIN'L
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Table 6-6

AGENA SPACE TUG SEQUENCE OF EVENTS AND WEIGHTS FOR INTERPLANETARY MISSION

1982 VIKING MISSION

(Isp = 290.8 SeC)

_INTERPLANETARY INJ --=n STANDARD. 4GRNA

INITIAL EONDITIONS 100NM CIRC, 28,3 DEG INC EARTH ORBET

TTARGET  'CONDITIONS TRANS MARS XNJECTION

FINAL CONDITIONS

COMMENTS s Cee _— e
QUTBOUND FLIGHT PROFILE 1D DAY LAUNCH PERiOD -
_RETURN FLIGHT PROFILE
"STAY TIME A? TARCEY T T C. o Tt
PAYLOAD LENGTHW 39,1 FT

K]
PAYLOAD DELIVERED TO TARGET 3540, PAYLOAD DENSITY 1008 LB/FTS
" PAYLOAD RETURNED TO FINAL CONTT T " B4 7 PAYLOAB DENSITY 1000 [B/7FT3
[MPULSE PROPELLANT 13458, RCS PROPELLANT 8,008
.- WET INERT WEIGHT = = 1346, — _ MisstoN SFQUENCE
CONDiTIONS EVENT Time DEL'TA V ENGINE
fioe DYIHR!M!N FPS TYPE
INTTIAL  TUG DEPLOY, FROM SPAGE SHUTTLE 0i 0i .0 T 7 o
o 4,  RCS
o o ) 0y 01,4 B
TRANS=MARS INJECTION 01 0130,4 o
. . . 12250, MAIN
ot 034,83~
FLIGHT PERFORMANCE RESERVE: 0i 09134,5:
TARGET ¢ ‘ i T T i, MAIN )
' ’ - 0¢ 0134,5

BASER
RASER

WEIGHT
/ L8S§
18497,7
18399,7
18389,1

4994,%
4949,3
4886,1

ON D4
ON De™ 7"

DELTA WT
LBS

8.0
10,0

13394.9

45,0
63,1

iMp PROP
REM L8s

13488,6°

{3458,0

134%8,0
63,1
63,4

"0

g 1xed ‘Il [0A
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Table 6-6 (cont)

INTERPLANETARY [NJ rr=« STANDARD AGENA
SPACE TUG WETGHT anO COST SUMMARY

SYSTEM DEFIN!TION C . WETGHT gosT _ SOURCE
’ i8 H WEIGHT COSY
" PROPULSION SYSTEM T 370, _ 0. (8] 4)
ENG INE ' T 0
PRESSURIZATION COMPONENTS . : B,
START COMPONENTS (NUMBER OF STARTSS. 0} . fls
VALVES AND PLUMBING B4 /
‘ ’ _ §
STRUCTURES : 604, i} 0, A i 4
TANKS . 0 .
FORWARD INTERSYAGE, DOORS, RACKS 0,
AFT RACK AND MUSCELLANOUS Q.
INSULATION 04
GUIDANCE 4AND CONTROL 168, 0. A Al
TTAND C v 37, 0, 8 4)
REACTION AND EONTROL SYSTEM 84 L ER) a)
POWER ‘ 93, . 0, (8} A
‘ BATTERIES ) B4
WIRE WARNESSES 0.
JYBOXES AND MISCELLANEOUS B
TOTAL 127%, 0.

g 3xed ‘Il 10A
GE92S1A-ISIN'T
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Table 6-7

AGENA SPACE TUG SEQUENCE OF EVENTS AND WEIGHTS FOR LOW-EARTH-ORBIT MISSION

(I = 290.8 sec)
sp

SUN SYNZ ( 30 DAY MISSION ) === STANDARD AGENA

SUN_ SYNCHRONOUS M1SSICN

INITiAL CONDITIOMS 1CONM CIR, 93,09 DEG INC EARTH ORB]T .
TARGEY CONDITIONS TARGET 1- 60NNM CI1R, 99,884 DEG {NC TARGET 2- 400NM CiR, 98,262 DEG INC
FINAL CONDITIONS 100 NM CIRC 98,262 DEG INCL :

COMMENTS
OUTBOUND FLIGWY PROFILE  WOMMANN XSFER OPT INC SPL{T
RETURN FLIGHT PROFILE HOHMANN T3ANSFER
STAY TIME AT TARGETY 1,3 REV s=- 29DAYS
PAYLOAD LENGTW 39,1 FY
PAYLOAD OELIVERED YO TARGE?Y 9770. PAYLOAD DENSITY 2,878 LB/FYY RASER ON D4
PAYLOAD RETURNED YO FINAL CON - 9770, PAYLOAD DENSITY 1,41% LB/FTD BASER ON D4
IMPULSE PROPELLANY 13183, RCS PROPELI ANY 99,598
WE? INERT WEICNY 1550, ) MISS1ON SFQUENCE
conofvions EVENT : CTIME DELTA V FNGINE WETGHY DELTA WY
s DY tHRIMIN FPS TYPE LBS LBS
INITEAL- - SPACE TUC DEPLOY (INEL®93,0%)- ©i 01 .0 - : - 34662, -
o 0,  RCS .0
0y 01 ,0 . 34662,7
) o 10.0
XSFER CRBIT INJ ({NCL*95,64) 01 0130.0 34682,7
. ) 1435, MAIN 4923,%
0y 0131,9 . 29728,
) : 43,0
MIDCOURSE ¢ ATTITUDE CONTROL  0i 0156,3 29683,4
. 7. rCS 21,9%
o1 0187,4 29662,7
: o : 10.0
INJ S0ONM CIR ORB. (INC299,884) 01 1121,4 - 296927 - - -
) . 19458, MAIN 5482.9
01 1123, 24469,7
) 45,0
FLIGNY PERFORMANCE RESERVE: o 1123,4 24124,7
YARGET 1 . 45, MAIN 115.8
L - S0l 1123, - . 24008, 99— - - .
. . i . 9779.8
XSFER CRBIT INJ (INCL ® 99,04) 01 3140,6 14228,9
L 469, MAIN o 687,8
o) 3140,8 13540,9
. ) : ] . 45,0
MIOCOURSE. . ATTITUDE CONTRIL o1 41 7,6 - . 13498,9 .-
, s,  RCS o 7.4
o1 43 8,0 . 13488,n
_ 10.0
INJ 400NM E1R ORB (1vCe98,282) 01 4133,0 13478,a
) : 456, MAIN 639.8
oi 4133,2 S 128394/ - -
) 45,0
FLIGHY PERFORMANCE RESERVE: 0f 4133,2 12794,4
tancer 2 - 9, MAIN 12.3
0i 4333,2 12781,9
) . 10.0
<~ MSPER -ORBIT-INJ- (INCL® ©8,362)290i 4333,2-° . o e 42— - -
) S04, MAIN 667.8
291 413),4 124034

imp PROP

REM LBS
©- 13183,0 -

13183,0
13183,0
0259, 4
8259,4
8259 .4
8259,4
2776,4
2776.,6
- 2660,7
2660,7
1972,9

1972,9 -

1972,9
1972,¢

1333,1- -

1333,4
1320,8

[Pe— -”20'6 .

65%3,0

g 11ed ‘Il 10A
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FINAL

MIDCOURSE & ATTITUDE CONTRIL

291

291

{NJ LOONM E1R ORR (1NCe98,262)29i

FL16GH? PERFORMANCE RESERVE

291
291
294

Table 6~7 (Cont)

4187,2
4;55.9
5121.9
5122.4
5122.1
5122,1

27,
514,

10,

RCS
MAIN

MAIN

12058,8

12027,9
12047,9

“11377,%

11332,%
11319,9

853,0
653,0
8%3,0
(12.1

12,1

0

g 1ed °‘II 1oA
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SUN SYNC ( 30 DAY M{SSION

SPACE TUL WEIGHT AND COSY SUMMARY

SYSTEM DEFINITION

PROPULSION SYSTEM
ENGINE
PRESSUR{?ATION COMPCNENTS
START COMPONENTS (NUMBER QOF STaARTSs D)
VALVES aAND PLUFBING

STRUCTURES
TANKS
FORWARD INTERSTAGE: DOORS, R4CKS
AFT RACK AND MISCELLANOUS
iNSULATION

GUIDANCE aND RONTROL
TTANDC
REALYION AND ZONTROL SYSTEM

POWER
BATTERIES
WIRE WARNESSES
JeBOXES 4ND MISCELLANEOUS

ToraL

Table 6-7 (Cont)

WETGHT
i8
3n,

567'

35n.,

37.

N

166,

1489,

0.
n
0.
N

0,

0,

) =~= STANDARD AGENA

cosTY

MS

oy

ol

o,

o.

0,

o'

ol

_ SOURCE
WEIGWT COSY
1) A)
) 4)
[§) A)
[} A)
10 A)
1) A)

2 1xed ‘Il 10A
Ge92STU-ISN'I
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Table 6-8
AGENA SPACE TUG CONFIGURATION — IMPROVED PROPULSION SYSTEM (I = 310 sec)

IMPROVED ABENA

-

reecprYesawene ~--r----O'----------'--:--?---X-O-'O--.',o-.-.-q--g—-.ae-"w-'---w---"'---""--:--~’~-’!--a---‘-‘v"'--'--""'
1 X ) -3
—— X
4 X.
1 XXXXXXXXXXXXXXXXXXXKXXXXXXX . !
1o 86000600060004000 ¥
6 emed e X 00 00 + 00 X - -
N 40 XX0 0 108 0 X i Y g . [ 1 B4
It S S +—XX0 0 ) 0—X
LA X00 . .00 4 o0 X 1
* X OODOOOOOOOOOOOVOOOO X i
4 X
1 X
. - 3 - — -
.---,--a--w-----------v--w----.-e-qrw--g--y---x---_—-—,pg--_-,_.---vav-r-—---o,.---------------.------9-----p---pqv--------ne-- v:
M -
Ol3 gretmnercerulipraraserenerarsnaneaI T s -]
oo L2
<>
o , 4 . N N . . -
> - L e e s D TSR S e e —— bt £
. B ) 4] L [ : k'
€ reerrerceelncalp (mome)d! Lzo="h-=wd> : >
€ - £ -
(P rprempmTaisracee) Crempussncgr)

BULK HEAD ELLIPSE leto 18 1,0¢ 09
PAVLOAD TANK  TaNK WEAD  E¥L. TofaL ULLAGE" NET TiNK sron; rRgsToual oTal-  RPEEIFIC
--LENGTH- —T¥PE--— LENGTH— ~VOL\-—-Y Ok — ~-VOlh- —- VO — —L 3 oY O ——110Y o————ﬁ+@uao«— —MPUESE——IMPULBE

(PY) (FT) (FT3) (PTY)  (ET3) _(PT3)  (FT3} _ (LB} (L) (iLs) (SEC)
37,49 FuEL 5,7 65,4 13,9 79,4 {6 77,8 3819,9 7 3808,2 340.0
ey BB~ e Ty B e 4Hh4k-4ers~—&esre———-sr&-—"—ﬂHh4k———4eta4Te——————éewa——feeetr9
GEOMETRY OF TANKS ’ .
- DIMENBION--~- -4 - -——B ¢ 0 3 ¥ 6 H i J K & " N P e
IN PEET 0 8,6 9.8 2,5 6,4 2.8 .0 .0 .0 7 2.5 2.0 22.% 318 .0 60,0 / .
IN INEHS 0 163,2 114,2 34,0 92,7 30.0 .0 .0 0 8.3 39,0 .23.4 270.3 4497 .0 730.0

DIMENSTON bl 2 03 B4

IN PEEY 8,0 8,0 5,5 43,0
b - FNEHE: =607 08070 064018810 —mm —riem e e

2 ¥ed ‘II [0A
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_ Table 6-8 (Cont)

EMGINE CHARACTERISTICS

AY

PROPELLANT TYPE . MIXTURE RATIO (0/F)

MAIN ENGINE UDMKH/HDA 2,653
REACTION CONTROL SYSTEM N204/11DMH )
MA{N SYSTEM )

DESIGNATION 8096 BELL ENGINE (MULTI=START)

SOURCE ~ BELL AERQSPACE CORPORATION
OPERATING CONDiTIONS

VACUUM THRUST . 17620, LBS

VACUUM SPECIFIC [MPULSE 31040 SEC

FLOW RATE S 56,9 LB/SEC

EXPANSION RATIO ] 55/1.

MINIMUM BIT [MPULSE 23750, LB-~SEC

OX DENSITY
104,58 LBS/FT3

FUEL RENSITY
49,1 LBS/FT3

>
S B
P
=
e
=
3
g%
= %
[\ |
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¢3c-9

MISSTON MODE

EXPENDABLE

FIXED IGN, WTy -
REUSABLE/1 ‘
FIXED 1GN, Wt,

REUSABLE/2

. .FIXED IGN, WT,
REUSABLE/3
FIXED IGN, WT,

&SP
Ayl
ay2
! aDvy
apy2
aug
aWp
aR

MISSION MODE

EXPENDABLE

FIXED IGN, WT,

REUSABLE/1
FIXED IGN;
REUSABLEZ2

FIXED IGN, WT,

REUSABLE/3

FIXED IGN, WT,

a15p
L1VAR
aU2
apvL
aDV2
N
awp
aR

Table 6-9

AGENA SPACE TUG PERFORMANCE CAPABILITY - (ISp = 310 sec)

JGNITION WT,
L8

76361,
65000,

74436,
65000,

41166,

65000, .

15374,

65000,
EXPENDABLE

aP/L0

1222403
-,281+06
»,821+04
~,345+02
=, 823+00
~,100+C1

1450401

,000

IGNITION WT,

LB

41998,
39701,
65000,
24954,
65000,
15374,
65000,

EXPENDABLE

aP/LD

,110+403
2,569+05
«, 451404
~,853+04
~,453+00
,100+01

, 203401

,000

1374405

PERFORMANCE SUMMARY

ON ORBIT VELOCITY & 2000, FPS
PROPZLLANT WT, P/L DELTVERED . P/L RETURNED P/L DFL, BEN,
LB LB LB LB/FT3
13882, 60987, 0, 9,209
11817, 51691, 0, 7,806
13882, 59062, ' R,919
12167, 54341, . 04 74753
13882, 25792, 25792, 3,895
04 0. .. 0, __.@00
13882, . 45786, 606
04 ~ 0 S0, 1000
MISS1ONs» DISIGN, AND PERFORMANCE SENSITIViITIES = =~
REJSABLE/L REUSABLE/2 REUSABLE/3
aP/LD aP/LR #sP/LA aP/iR sP/LD aP/LR
1224403 000 1147403 «137+03 1000 ¢330+03
ey 274406 .00 . 1662405  =,662+05 1000 439405
-y 821404 000 ~ 655405  =,655+05 ,000 » 202406
», 336402 .000 = 812+n1 =, 872+0{ ,000 +,538401
~1102+01 «000 =1 812+n1  =,812+01 1000 ", 250402
=y 229401 000 =y100401  ~,100+0% 1000 ®,178401
1450401 .000 1497401 »197+04 000 1349401
,762405 =, 266406 1581405  =,451405 ,458405  »,358405
ON ORBIY VELOCITY & - 4000, FPS L
PROPZLLANT WT,  P/L DEL{VERED P/L RETURNED P/L _DOFL, DEN,
L8 L8 LB LB/FT3
13882, 26624, 0, 4,020
0 0 0, 4000
13882, 24357, 0, 3,673
Oy 0. +000
13882, 9580, 9580, _. T.447
0 0. . 0, 006
13882, 0, is804, .000
O . _ . 0, _ .0, N 000
MISSION» DISIGN, AND PERFORMANCE SENSITIVITIES
REUSABLE/4 REUSABLE/?2 REUSABLE/3
aP/LD ap/LR aP/LA sP/LR ap/LD 4P/LR
1113403 .000 1669402 (669402 ' ,000 1134403
-,538+05 .000 «y133+05  «,133405 000 %,135+05
-y 451404 000 r 132405  »,132405 , 000 =,340+05
-,807+01 ,000 =1200+01  -,200+0% , 000 v1203404
~, 683400 »000 91200401 ~,200+04 000 4,515¢01
=25440% . 000 =,100%01  ~,100+04 000 ®,165401
1203401 1000 ¢ 798400 +798+00 1000 1132401
~.493+05 1232465  #,151+05 1158405 »,103+05

“P/L RET, DEN,

LR/FT3

1000
1000
1000
3,895
. ...s000
6,98

P/L RET, DEN,

LB/FT3
.000

2000

919
+000

TL,000 T

g ed ‘II 10A
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" MISSiON MODE

EXPENDABLE
FIXED 1GN,

REUSABLE/1
FIXED 1GN,

REUSABLE/2
FIXED AGN,

" 'REUSABLE/3

FIXED IGN,

aisp
ayt
a2
apvi
apy2
aWl
AWP
4R

WT,

Wty

WYy

WYy

MISSION MODE

EXPENDABLE
REUSABLE/1
FIXED IGN,
REUSABLE/?2
FIXED IGN,
REUSABLE/3
FIXED 1GN,

ISP
syl
sU2
s0Vy
sDV2
ay |
AWP
4R

WT
WT,
WT,

WT.

Table 6-9 (Cont)

CPERFORMANCE SUMM A,R,V

ON ORBIT VELOCITY = 6000, FPS
IGNITION WT, - PROPELLANT WT,  P/L DELIVERED P/L RETURNED P/ 0QEL. DEN:
LB LB LB ] . LB/FT3
30696, 13882, - 15322, 0, 2,314
65000, s -0, 0, 1000
27911, 13882, 12537, 0, 1,893
65000, 0, : 0. 0 ,000
19748, 13882, © 4374, 4374, 1660
~ 65000, .. Dy I * P *§ JUT _.a000
15374, {3882, 0. 8717, ,000
65000, : 0, S0, _ .0, 1000
S MISSION: DISIGN, END PERFORMANCE SENSITIVITIES .
EXPENDABLE REJSABLE/L REUSABLE/2 REUSABLE/3
aP/LD aP/LD aP/LR aP/LA aP/iR apP/LD aP/LR
1722402 1777402 .000 1392452 .392+02°  ,000 1702402
204405 = 185405 .000 », 457404  =,457+04 ,000 2,547%04
=,330+04 ~330%04 +000 -4453404  =,453+04 © ,000 ®,973+04
=,373+01 339401 2000 = 837490  =,837+00 1000 ~,100+01
»,331+00 -1610+00 ,000 837450 = ,837+00 ,000 =,180+01
‘=¢100+01 » 287401 000 _=¢100401  »,100+01 = ,000 _ _ =,154+01
,121+01 1121401 . 000 1423400 423400 000 1649400
1000 1234%05  2,152+405 1114465  =,610404 ,8672+04  =,360404
) ON ORBIT VeLOCITY = 8000, FPS o
IGNITION WT, PROPELLANT WT,  P/L DELTVERED P/l RETURNED P/L DFL.+ DEN,
L8 LB LB ) LB LB/FT3
25157, 13882, 9782, 0, 7,477
65000, i 0, Q. -0, ,000
21766, 13882, 6392, g, 1965
65000, 0, 0. 0 000
17328, 13882, 1984, _ 1954, 0295
65000, Dy 0. 1000
15374, ° 13882, 0. " 2813, 000
65000, . 0y ) 0, .8, o 000
MISS1ON,» DiSIGN, AND PERFNRMANCE SENSI1TIVITIES :
EXPENDABLE REUSABLE/L REUSABLE/2 REUSABLE/3
aP/LD aP/LD aP/LR aP/LA aP/|R sP/LD sP/LR
,529+02 1617402 .000 1252402 1252402 ,000 1403402
"y 916404 1792404 000 = {93404 =,193+04 ,000 ~,246404
=,270+04 =,270+04 ,000 ~1191+04 =,191+04 ,000 =,343+04
=,205+01 177401 ,000 1431400 =, 431400 ,000 «, 551400
=,271400 1611400 .000 1431400 =,431+00 000 «,776400
=y100+401 327401 +000 =,500+01  =,100+01 ,000 n,144401
+812+00 1812400 ,000 1248400 1248400 4000 1357400
~.519+04 -,239+04 (284404 »,124404

,000 1145+05 1543+04

P/ RET, DEN,
LB/FT3

000 T

+000

P/L RET, DEN,

LB/FTS

,000
1000
.000
»000
.295
+000
.425
1000

g jred ‘II 10A
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MISSTON MOBE - jentTiON wT,
L8

EXEENOABCE o g1920‘
FIXED 1GN, WT, 65000,
_REYSABLE/1 v 17788,
FIXED IGN, WT, 65000,
REUSABLE/2 16014,
FIXED I1GN. wh, . 65000,
REUSABLE/Y 15374,
FIXED IGN, WT, 65000,
EXPENDABLE
ap/L0D
- 41SP 1411402
ayg w,465+04
ay2. . n,236+04
aDvy © =,127+01
apy2 . »,236+00
UM »,100+01
ayp 579400
4R ,000

o

" m1sSioN MODE IGNITION WT,

LB
EXPENDABLE 19833,
FIXED 16N, wh, 65000,
REUSABLE/L 14787,
FIXED 16N, wT, 65000,
REUSABLE/2 15240,
FIXED IGN, WT, 65000,
REUSABLE/3 15374,
FIXED IGN, WT, 65000,
EXPENDABLE
ap/LD
al1sp 1 330+02
ayy <= ,255+04
ay2 ~,213+04
apvy - ,853400
spy2 »,214+00
aW1 =,100+01
awp . 429+00
R +000

Table 6~9 (Cont)

HMERFORMANCE

SUMMARY

ON ORBIT VELOCITY = 100dc., Fps

'PROPELLANT WT,
LB :
138832,

0
13882,

0,
13882,

a0
{3882,

0,

MISSIONs ‘DiS]GN,
REUSABLE/1
aP/LD aP/LR

1345402 000
=, 378+04 .000
~,236+04  ,000
= 403401 1000
=165{+00 +000
-, 377+01 000
1379+00 000
(668+04  £,140%04

ON ORBIT VFLOCITY 2 = 12060, FPS.

PROPELLANT WT,
L8

13882,
. 04
13882,

1}
13882,

04
13882,

04

MI1SS1ONs DISIGN)
REUSABLE/L
aP/LD aP/LR

527402 .000
-, 190404 .000
-, 213404 .000
-, 636400 000
~y 720400 ,000
“, 438401 ,000

1429+00 ,000
~,198+04

«252+03

" P/L RETURNED ~~ .P/L DFL, DEN,

P/L DELIVERED
LB LB LBIFT3
$586, 0, T T T e
_ 0 0, 000
24121_' - 0. “.1369.«_”.”A
0, 0. 4000
640, 640, 097
0. B 0000
0, 871, 000
g, 0. 000
AND PERFORMANCE SENSITIVITIES =
REUSABLE/2 REUSABLE/3
aP/LB aP/LR 4P/LD aP/LR
1169402 1189402 7,000 T T 24fe027 7 7
0(902¢03  +.962+03 000 «1118404
*1893403, .ao;*plh, 1000 v,135404
247400 °,247+00 1000 2,322+00
=1247+400 -.297000 +000 2,372+00
51400401 =,10040%  ,000 . . +.13640%
1154%00 T (154400 +000 1209400
.188*04 ~, 679403 1874403 =,314403

P/L DELiVERED P/L RETURNED

L8 . we .. LB/ETS
4458, . 0. 1673
0. 0, 4000
. » .000
0. . ,000
. R ' ,000
0. 0, ,000
0. 0, 1000
R o Qe 0 .- ,000
AND PERFORMANCE SENSITIVITIES )
REUSABLE/2 REUSABLE/D
aP/LD  eP/LR _ _4PALD  aP/LR
1115+02 1115402 +000 1146402
«447403  =.447+403  ,000 7,585403
w1 443403 =,443+03° . ,000 2,557403
-'150*00 «.150+00 +00a0 «,196400
»1450400  ~.150+400 1000 «,188400
«y100%01  =,100+0% 4000 =,130401
1978=n1 +978-04 vaoa 1127400
«14144+53 «122+03 »174403 1514402

P/L DEL, DEN,

P/L RET, DEN,
LB/FT3

T

P/L RET, DEN,
LB/FT3

.000
. ..0000
.000

+ 000
,000

1,000
000

.. ..1000

2 1xed °‘II 10A
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MISSTON MODE

EXPENDABLE
FIXED IGN,

REUSABLE/1
FIXED IGN,

_REUSABLE/2

FIXED IGN,
REUSABLE/3
FIXED 16N,

A1SP
AUl
a2
apvy
aDy2
awl
awp
4R

wT,
WT,
WY,
WT,

MISSiON MODE

EXPENDABLE

. FIXED IGN,

REUSABLE/1
FIXED 16N,

REUSABLE/?2
FIXED 16N,

REUSABLE/3
FIXED IGN,

a1sp
eyl
ay2
apvy

apv2 '’

AWl
awp
AR

WIy
le
WT,

WT,

FGNITION T,
LB

18339,
65000,

12118,
65000,

65000,

EXPENDABLE

aP/LD

1269+02
=1143+04
~,197+04
'n591*00
=,198+00
=,100+01
1321400
, 000

IGNITION WT,
LB

17371,
65000,
9848,
65000,
14460,
65000,
15374,
65000,

EXPENDABLE

sP/LD

1226402
-, 877403
+,187+04
~,438+00
~, 187400
=,100+01

1254400

+000

PERFORMANCE

Table 6-9 (Cont)

SUMMARY

ON ORBIT VELOCIiTY = 14100, FPS
PROPELLANT WT,  P/L DELiVERED P/L RETURNED P/L DFL. DEN,
L8 LB LB LB/FT3
13882, 2945, 0, 1448
0 0. ' © 4000
13882, 0. 0, 1000
04 0. o, 1000
13882, 0. 0, 000
0 ) . 0, 4,000
13882, 0. 0, 000
‘00 0. . . 0, .000
MISSIONs DISIGN, AND PERFPRMANCE SENSITIVITIES L ,
REUSABLE/1 REUSABLE/2' REUSABLE/3
aP/LD aP/LR aP/LP aP/i R aP/LD aP/LR
554402 0060 1765461 1765404 1000 4858401
) 946+03 000 223403 »,223+03 000 =,288403
197404 000 =1220+03 | =,220+03 1000 ",225+03
=:390+00 000 =1919-01 =,919~01 1000 ~:119400
»,B22+00 <000 ~19197p1  =,919-01 1000 ©,939501
=1317+01 +000 =y100+04  =,100+01 1000 . 71124401
1321400 000 1621701 1621704 1000 1770=01
~,136+05 .105+04 0203404 . 488+03 -, 781+03 1187403
ON ORBIT VELOCITY = 160G0. FPS o
PROPELLANT WT,  P/L DELiVERED P/L RETURNED P/ DFL, DEN,
LB LB L8 LB/FT3
13882, 1997, 0, 302
‘ 04 0. N _,000
13882, 0. . 0, ,000
0 0. 0, : 000
13882, 0. 0, .000
0 - 0. ' 1000
13882, . , 000
. 0y 0, .0, 000
MISSIONs DISIGN, END PERFORMANCE SENSITIVITIES
REJSABLE/1 REUSABLE/2 REUSABLE/3
aP/LO sP/LR aP/LA aP/(R 4P/LD aP/iR
1617402 000 1527+f1 527401 1000 1514401
n1 497403 000 e 121403 ~,121+03 ,000 7,154403
=1187+04 000 »¢120+03  =,120+03 +000 n,983402
-1248+00 ,000 ~1604e01  =,604=01 +000 769401
=0942+00 000 =1604001  =,604=01 000 ».496401
m0604+01 +000 =¢100%01  =,100+04 1000 =,120+01
1 251+00 000 1416701 1416401 000 1499201
- 279405 ,139+04  =,305+04 606403 ~,110+04 ¢217+03

PsL RET, DEN,
LB/FT3

P/L RET, DEN,

LB/FT3

g2 jxed ‘II 10A
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Table 6-10

AGENA SPACE TUG SEQUENCE OF EVENTS AND WEIGHTS FOR SYNCHRONOUS-EQUATORIAL MISSION
(IS = 310 sec)
p .

SYNCHRONOUS EQUATORIAL =e= JMPROVED 2GENA

SYNCHRONOUS EQUATORIAL MISSION .
INITIAL CONDITIOMS 10QNM CIRC, 28,3 DEG INC EARTH QRB{T
TARGET CONDITIONS 19330NM CIRC, 0 DEG INC EARTH ORRIT
FINAL  CONDITIONS

COMMENTS ) . o .
OUTBOUND PLIGHT PROFILE  HORMANN XFER OPT INCL SPLiTY

RETURN FLIGHT PROFILE
STAY TIME AT TARGET

ANVIWOD 3IDVdS 2B SATNISSIW: A3FHMDO0N

9¢-9

PaYLOAD LENGTH 37,5 FT
PAYLOAD DELIVERED T0 TARGET 28D4, © PAYLOAD DENSITY 1026 LB/FT3 BASED ON D4
PAYLOAD RETURMED TO FINAL CON 0, PAYLOAD DENSITY 4000 LB/FT3 BASED ON D4
IMPULSE PROPELLANT 13708, RCS PROPELLAMT 8,884
WET INERT WEIGHT 1492, MiSSION SEQUENCE
CONDITIONS EVENT TiME DELTE v ENGINE. WETGHT DELTA WT imP PROP
o ) ) ) DYIHRIMIN . FPs TYPE LRs . L8s . REM LBS
INITIAL  BPACE TUG DEPLOY (INCLe2A,3) 01 01 ,0 . es 18186,8 13708,1
) b, R .0 o
0i 0t 0 168186,8 {3708,1
. 11.0
PHASING ORBIT INJ (INCL®2641) 0¢ 0130,0 18475,8 i3%08,1
i o 7932, MAIN L 9948,3
01 0132,9 : : 8227,3 o 3759,8
' , .0 .
ENGINE POST FLOW 0i 0132,9 ) 8180.,3 . 3759,8
. o 8, MAIN ] .0 ‘
01 0i32,9 8480,.5 3759,8
T . 11.0 .
XFER CRBIT INJ (INCLE26,1) 0i 9i40,9 ) 8169,5 3759,8
) 260, . MAIN 209,14
01 9141,0 7960,4 . 3550,7
: 47,0
MIDCOURSE + ATTITUDE CONTROL 0i20:23,0 ] 7913, 4 355Q,7
. 12, RCS . 8,9. .
0110123,5 . 7904.5 3850,7
. 11,0
SYN E6 INJ tINCLSD,D) 0114152,5 7893,5 3550,7
. 5865, MAIN 3489,9
0114153,5 . » 4403,6 . 60,8
) : L 47.0 .
FLIGHT PERFORMANCE RESERVES 0i14i53,5 4356,6 60,8
TARGET 1 140, MAIN ' 60,8
0114153,5 : 429%,8 "0

g 1xed °‘II 10A
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Table 6-10 (Cont)

SYNCHRONOUS EQUATORIAL === IMPROVER AGENA
SPACE TUG WEIGHT AND COST SUMMARY

" T 8§YSTEM DEFINITION T ' ' WETGHT T cosT ' ’ " 'SOURGE
; L8 M$ WEYGHT COST
" PROPULSTON systen ' B ' isF, C B, ) RS B S
ENGINE f '
_.PRESSURIZATION COMPONENTS ] _ o D4 )
STARYT COMPONENTS (NUMBER OF STARTSs 0) 04
VALVES AND PLUMBING 04
STRUCTURES , 604, . 0, n 4)
. TANKS o : R 1
FORWARD INTERSTAGE, DOORS, RACKS 0
AFT RACK AND MISCELLANOUS L 8.
INSULATION . . ' v . . 0y
_GUIDANGE AND CONTROL. o . - o168, R S . 0 W
TTawce o —— . Ty . o, . oD o,
REAEGTION AND CONTRQ, SYSTEM _ . 8, O Ay
POWER ) - 180, . 0, O A)
BATTERIES 0
WIRE HARNESSES i 0,
JnBOXES AND MUSCELLANEOUS O
TOTAL 1396, c.

g 3xed ‘II 10A
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Table 6-11

AGENA SPACE TUG SEQUENCE OF EVENTS AND WEIGHTS FOR INTERPLANETARY MISSION

(ISp = 310 sec)

INTERPLANETARY iNJ -==~- IMPROVED AGENA

1982 VIKING MISSXON
INITIAL CONDITIONS 400NM CIRC, 28,3 DEG INC EARTH ORBiIT
TARGET CONDITIONS TRANS MaRS xNJEcTION
FINAL  CONDITIONS:

EOMMENTS .
OUTBOUND PLIGNT PROFILE 10 DAY LAUNCH PERIOD
RETURN FLIGHT PROFILE
STAY TIME AT TARGET

PAYLOAD LENGTH 37.5 FT .
PaYLOAD DELIVERED TO TARGET 4225, PAYLOAD DENSITY 1009 LB/FT3
PAYLOAD RETURMED TO FINAL coN 0. PAYLOAD DENSITY +000 LB/FT3
IMPULSE PROPELLANT 13824, RCS PROPELLANT 7,993
WET INERT WEIGHT 1397, MiSS10N SEQUENCE
EONDITIONS EVENT TiMe DELTA V ENGINE
o _ - . OYIHRIMIN FPS TYPE
iNITIAL  TUE DEPLOY, PROM SPACE SHUTTLE 0i Ot ,0
. . ) 4, RCS
0i 01 .4
TRANS=MARS {NJECTION 0i 0130,4 .
’ . 12250, MAIN
0t 0134,5

. FLIGHT PERFORMANCE RESERVE o1 0134,5
TARGET ¢ )

ay
N
o
-

MAIN
D+ 0134,5

BASED ON D4
BASER ON D4

T WgiGHT DELYA WY iMP PROP

L8S LBS REM LBS
19542,4 13824,1
8.0 R .
19504, 13824,1
} 11.0 " :
19493,5 13824,1
1375%6.0 .
8737,/ : 68,1 -
. 47,0 .
8690, 6 68,1
68.1 L :
5621..9 =, 0

g 1xed ‘Il 10A
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Table 6-11 (Cont)

INTERPLANETARY iNJ -m=== IMPROVED AGENA
SPACE TUL WEIGHT AND COST SUMMiRY

ANVAIWOD 3DVAS % SITNUSSIN @a3HMIDON

62-9

SYSTEM DEFINITION ° WEIGHT cosT  §OURCE |
] M WEIGHMT COsT

PROPULSION SYSTEM . 397, _ 0. LS IR ¥

ENGINE o,

PRESSURIZATION COMPONENTS &

START COMPONENTS (NUMBER OF ST4RTSE 0) 0,

VALVES AND PLUMBING L
STRUCTURES 608, . 0. D 8

TANKS B,

FORWARD INTERSTAGE, DOORS, RACKS By

AFT RACK AND MISCELLANOUS 8.

INSULATION 0,
GUIDANCE AND CONTROL 166, 0, i1 &l
T T AND € 37, o, 1) 4)
REAETION AND CONTROL SYSTEM fo 0. D Ny
POWER 9%, - 8. O A)

BATTERIES 0 ;

WIRE HARNESSES , D

JeBOXES AND MISCELLANEOUS 04

TOTAL 1308, 0,

g 3aed ‘Il 10A
G€92ST1d-OSINT
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Table 6-12

AGENA SPACE TUG SEQUENCE OF EVENTS AND WEIGHTS FOR LOW-EARTH-ORBIT MISSION

asp = 310 sec)

SN SYNS (30 PmaY MISSION) 1MPROVED AGENA

SUN_SYNCWRONOUS MISSICN

INITIAL CONDITIONS 10ONY CIR, 92,27 DEG INC EARTH ORB]T )

TARGEY CONDITIO0'S TARGET 1= 800N CIR, 99,884 DEL ING TARGET >- 400NM CiR, 98,262 DEG IwC
FINAL  CONDITIOMS 100 NM CIRC 98,252 DEG INCL '

COMMENTS : E : - - - e - - -
OUTBOUND FLIGHY PROFILE  HOWMANN XSFER OPT INC SPL1T
RFTURN FLIGHT PROFILE HONMANN TRANSFER
STAY TIME AT YARGET 1.3 REV === 29mavs
PaYLOAD LENGTH 17,5 FY
PaYLOAD DELIVERED TO TaRGET 13053, PAYLNAD DENSITY 3,089 . B/FYI RaSEn ON D¢
PAYLOAD RETURMER TO FINAL CON 13053, - PAYLOAN DENSITY 1,548 LR/FYY - AASER-ON-D4- - - - mmen UV,
IMPULSE PROPELLANT . 13534, RCS PROPEL ANT 61,216
WET INERY WEIGMY 1596, M1SSINN SFQUENCE
CONDITIONS EVENY TIMF DEt Ta Vv ENGINE . WEIGHY DELTA WY 1MP PROP
NYIHRIMIN FPS TYPE Las LBS REM LBS
INITIAL  SPACE TUG DEPLOY ((INEL®®2,27) 0f Ot O s S 35845 g - e e § BB g o o
0, RC «0 .
0i 01 ,0 35645 ,4 13534,¢
11,0 .
XSFER CRBIT INJ (INCLE95,03) 01 0130,0 - 35634, 13534,¢
149%, MAlN 49%6,4
ot 0134,5 30677,9- - - 8877,7 - -
. 47,0
MIDCOURSE ¢ ATTITUDE CONTRIL 01 0156.3 3na30,9 8%77,7
7 RCS ' 22.2
01 0157,4 ) 30608,4 8572,7
11,0
INJ ADNNM-CIR ORR (IMCe99,884) 01 1121,4 : 30597,4 - 8577,7 - — e
2145, MAIN 5914,9
0+ $123,2 ~24482,7 2662,8
47,0
FLIGHY PERFORMANCE RESERVE 01 1123,2 24635, 2682,8
TARGET ¢ 45, mMATN 111.0
-l . -0 4123,2 B T V1 V'Y YN JSSa—. 2554 ,8 - - -
) 10064,0
XSFET CRALY INJ (INCL = 99.04) 01 3340,7 144560,8 2554,8
) 465, MalN 656,7
01 3140,9 13804,71 1895,4
. 7.0
- e cerms MEDCHUYRSEE -4-ATTITUPE- CONTROL 01 4) 7,6 S RSTEE § 1 1Y I (e 4898 g - e
) . S, RCS 7.3
0t 4t 8,0 13749, 1895,4
11,0
INJ 400NM CIR ORR (1MC298,262) 01 #4133,0 13738, 1895,1
456, MAlN 612,6
e RPN . P . 0'.,"3).2 e e - -13426,9-- - - - 19282,8 = == -
' 47,0
] FLIGK? PERFORMANCE RESERVE 0+ 4133,2 13079,> 1282,5
TARGEY 2 9 MALN - 11.8 .
01 4133,2 13067,4 1270,7
. . 11,0
e XBFER CRBIT-INJ (INCL®-98,262)29) -4133,2 - R e § 1111 T e - = = 1270 P
504, vAIN 641.5

291 4133,4 ) 12414,0 629,2

g 1xed °‘II 10A
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FINAL

Table 6-12 (Cont)

‘MIPCOURSE ¢ AYTITURE CONTROL 29t 41573

291 43159,p
INJ $0BNM CIR ORD (INCw9R,262)291 5122,0

R . [ © 291 5122,2

FLIGHT PERFORMANCE RESERVE 291 5122,2

291 5122.,2

27,

514,

10,

RCS

~AIN

MATN

12367, -

12336,>

12325,>.
~11707,7
11646n0,7

11649,A

7.0

3.7
11.0

817.5

‘7'0

11.7

'62’.2" PR

629,2
629,2

1177 -

18,7

2 3aed ‘II ToA
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SYSYEM DEFINITION

PROPULSION -SYSTEM
ENGINE
PRESSUR1ZATIAN COMPONENTS

Table 6-12

SUN SYNC (30 DAY MISS10N)

SPACE TUG VEIGHT AND COST SUMMaRY

START COMPONENTS (NUMRER OF STARTSS O)

VALVES AND PLUMBING

STRUCTURES
TANKS
FORWARD INTERSTAGE, DJONRS,
AFT RACK AND MISCELLANOUS
INSULATION

GUIDANCE AND ¢ONTROL
T Y AND C
REACTION AND £ONTROL SYSTEM

POWER
RATTERIES
W1RE WARNESSFES
J*BOXES aND M]SCELLANEOUS

RACKS

(Cont)

IMPROVFD AGENA

WETGHT
..B
387,
h.
n,
fy
[
567,
: Ny
PI
0.
N
37,
N
164,
Ay
Ny
Ny
TovTal ) 1516,

cos?T

mMs

o,

0.

. <N

SOURCE

WEIGHT COSY

4§.).. T T
1 4)

) 4)

1) A)

O 4)

1) Ay

2 31ed ‘II 10A
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6.3 PERFORMANCE GUIDELINES FOR EVOLUTIONARY AGENA SPACE TUG

The guidelines shown for the performance determination of the Agena space tug are

similar in nature to those associated with the evolutionary Agena space tug.
6.3.1 Missions

The mission criteria for the improved Agena are as follows:

e Sizing Based on Synchronous-Equatorial Mission

e Performance Then Evaluated For

Interplanetary Mars-Viking 1982
Low Earth Sun-Synchronous Multiple Orbits 30~day Duration

6.3.2 Propulsion Characteristics

Besides the use of UDMH/HDA propellants and current Agena improvements' giving an

1
sp
propellants and the current Agena engine plus improvements, which in turn provides

=310 sec, the performance for an evolutionary Agena space tug using MMH/ NyOy
322 sec of specific impulse was also calculated.

6.3.3 Vehicle Weights

In the case of the evolutionary Agena, the performance evaluation for maximum payload
capability under the ignition weight constraint and for a synchronous equatorial mission
and parametric stage weights as a function of propellaat loading served to determine the
optimum size stage. These parametric weights, shown in Fig. 6-2, were used in initial
performance calculations to establish the basis for point design estimates used to deter-
mine the eventual payload capability. The variation in the parametric mass fraction (')
values for the evolutionary Agena space tug produces a range of dry inert weights of

from 1760 pounds to 2050 pounds, corresponding to propellant loads of 40,000 pounds

and 60, 000 pounds, respectively, for the HDA/UDMH propellant type. An equal range

of propellant loadings for MI\/IH/N204 means a dry inert weight range of from 1840 pounds
to 2250 pounds, respectively.

6-33
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TOTAL PROPELLANT LOAD~LBS X 10'3

ANYJIWOD 3DOVvdS ® SIATSSIW AIIHMNDOT

-~ UDMH /HDA
lgp = 310. SEC

/.

. i
MMH N0, ,

= K g0, A

Igp « 322. SEC — /

| . i
N— L
AN\ %

- 2200 2000 1800 1600 954 - .958 962 .966

~ § 5C ‘ ‘
DRY INERT WEIGHT ~ L &8 ya Yo 1oTAL

P TOTAL ' “’onv/

970

Fig. 6-2 Parametric Weight Relationships
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6.3.4 Constraints

The structure constraint of 65,000 pounds due east space shuttle delivery capability
was used and augmented with a 73, 000-pound value to determine the performance and

sizing impact of both space shuttle due east 100 nm circular orbit delivery capabilities.

6.3.5 Payload Capabilities

The parametric payload capability for the evolutionary Agena space tug is shown in

Fig. 6~3. The range of propellant loadings, for HDA/UDMH, of 35,000 pounds to

70, 000 pounds produces a maximum payload capability of 13, 250 pouﬁds at a> synchro-
nous equatorial mission for a fully loaded Agena of 48, 800 pounds of propellant under
the constraint of 64, 200 pounds ignition weight. For a constraint of 71, 000 pounds
ignition weight, the Agena propellant loading goes to 53, 000 pounds and a payload weight
of 14,400 pounds can be orbited. The 64, 200-pound ignition weight constraint assumes
an 800-pound scar weight; the 71, 000-pound constraint assumes a 2,000~-pound scar
weight, These vaiues, when added to the constraints, correspond to the 65, 000- and

73, 000-pounds of space shuttle delivery capability. The estimated -3¢ payload weight
capability is based upon a flight performance reserve requirement equivalent to 1 percent
of the mission AV. Figure 6-4 provides a cross-plot of the evolutionary Agena space tug
impulse propellant weight as a function of payload weight for constant mission AV. The
introduction of the 64, 200—pouqd constraint and the subsequent payload curve under that
constraint reflects the effect of offloading the stage from the value shown on the propel-

lant weight scale.

Figures 6-5 and 6-6 provide similar data for the alternative propellant type evolutionary
configuration. For MMH/N204 propellants, the parametric performance evaluation of
stages ranging from 35, 000 pounds to 70,000 pounds loading generates an optimum syn-
chronous equatorial propellant weight of 46,500 pounds, giving a payload weight of ap-
proximately 13, 600 pounds for a constrained ignition weight of 63, 000 pounds. For a
71, 000-pound limitation the sizing goes to 51, 500 pounds of propellant and a payload of
15,000 pounds. Again, a 2, 000-pound scar weight is assumed and the flight perform-

ance reserve is based upon 1 percent of a given mission's total AV.
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PAYLOAD~LBS X 10

_ UDMH/HDA

)y i oo 1 ] I }
_ // : 2%05 PROPELLANT WEIGHT
A §
TN
L CoTRAngD 10 \§§
[ L1 64,200 Q
| |
2h ,

8 10 12 14

[}

5
AV~FPS X 1073

20

RESIDUAL PROP =
0.52% Wp

FPR=1% &V

Fig. 6~3 Evolutionary Agena Performance — UDMH/HDA (Isp = 310. 0 sec)
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PAYLOAD (LB x 1073)
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150 I l —
NO Wign CONSTRAINT

Wign = 64200 LB /

H e

‘ §— AV = 4000 FPS .
50 i : e
a— i

e .

1

" F— AV = 8000 FPS
D eaEEd eoEEms S ]
—
AV = 14100 FPS —~f
0 1 1
35 40 45 50 55 60 65 70
' 3

Wp (LBx 107 )

Fig. 6-4 Payload Versus Impulse Propellant — UDMH/HDA (Igp = 310 sec)
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PAYLOAD ~ LBS X 10

MMH/Nzo4

!sp, = 322. SEC |

RESIDUAL PROP = 0,52 Wp

“ FPR= 1Ay
\ ~+ 10000 )
\\\ i - 60000 .
\ //ggggg | PROPELLANT WEIGHT
\ N X/ 15000 | IMPULSE + RESIDUALS + FP
100 \\\\ ] t:gooon:J I :
ANNNN /]
NN
AN SN
- AN \\\‘\
SN
[ TSN
. NN
N Z IGNITION WEIGHT \\\
' CONSTRAINED TO: \\\
ul- 71000 LBS - RN § ]
" L 63000 LBS I~ |
N NN
T
_
=N
2 —
°o 2 & § 8 10 12 14 1 18 20

AV ~FPS§ X 1073

Fig. 6-5 Evolutionary Agena Performance — MMH/N204
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Fig. 6-6 Payload Versus Impulse Propellant — MMH/N204 (ISp = 322 sec)
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A summary of the payload capability for the evolutionary Agena space tug configurations
given in Table 6-13 shows a five- to sixfold increase in maximum performance for the
synchronous equatorial mission when compared to the Agena space tog configurations.
The 1982 Viking interplanetary mission reflects an approximate four- to fivefold in-
crease, but the low-earth, sun-synchronous orbit shows a loss in payload capability.
This decrease in performance is due to the evolutiodary Agena space tug propellant
offloading required to satisfy the space shuttle delivery constraint for polar orbits.

For this mission the increased inert weight of the evolutionary Agena space tug configu-
rations associated with the unusable propellant loading generates a decrease in payload
weight compared to the smaller Agena space tug. The absolute payload values shown
for the synchronous equatorial mission differ from the values shown in the parametric
propellant loading figures by virtue of the point design scar weights and actual mission

sequence of events used in simulating the reference mission performance capability.

Table 6-13
EVOLUTIONARY AGENA SPACE TUG PAYLOAD CAPABILITY

Payload Weight (1b)

Mission

HDA/UDMH
(Igp = 310.0 sec)

N204/MMH
(ISp = 322.0 sec)

Synchronous-Equatorial

Interplanetary

Low Earth, Sun Sync Orbit* -

13,234
16,512

9,504
(Each Orbit)

13, 956
17,276

9,695
(Each Orbit)

*Agena space tug payload_pérformance is constrained by space shuttle payload capa-
bility for polar orbit.

The preliminary definition of the components in the space shuttle cargo béy scar weight
resulted in-values ranging from 2000 pounds down to 800 pounds. The resultant impact
on the evolutionary Agena space tug sizing over this range of weights is 'given in Fig. 6-7.
Approximately 3/4 of the delta scar weight is attributed to a change in propellant loading,
the remaining 1/4 to changing payload weight for the synchronous equatorial mission.
Table 6-14 provides the data necessary to relate the evolutionary Agena space tug inert

weights shown in Tables 6-15 through 6-24.
6-40
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[
on

10

PAYLOAD WEIGHT — LB X 10-3

EVOLUTIONARY AGENA SPACE TUG

UDMH / HDA

AV = 14100 FPS

12950

[/

A

IGNITION WEIGHT
CONSTRAINT OF:
- 53000 LBS
—— 64200 LBS

4 IGNITION WEIGHT CONSTRAINT OF:
. |11000 LBS ‘ ‘

30

3%

a0 95
PROPELLANT WEIGHT — (IMPULSE -+ RESIDUALS + FPR) - LBS X 10—3

95 60

Fig. 6-7 Ignition Weight Sensitivity
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G€9GSTU-OSIN'IL



ANYAWOD 3ADVdS B SIATSSIW A3I3HMDO0T

ev-9

SUMMARY OF PERFORMANCE-PERTINENT WEIGHTS FOR EVOLUTIONARY AGENAS

Table 6-14

Synchronous-Equatorial

Interplanetary

Low-Earth-
Mission Mission Orbit Mission
Agena Agena Agena . Agena Agcna Agena
I =310sec|l =322sgec|l =310sec|l =322sec|l. =310sec !l =322 sec
sp Sp sp Sp : sp sp

Dry Weight 1,854 1,963 1,741 1, 850 2,030 2,139
Propellant Residuals 167 178 167 - 178 167 178
Pre-Flow 33 30 11 11 66 66
Post-Flow 180 162 60 54 360 324
Propellant Margin 216 - 220 224 . 225 133 131
Impulse Propellant 48,196 47,358 45, 148 44,299 16,504 16,052
Helium Gas 10 10 10 10 10 10
N, Gas 31 31 31 31 81 81
Wet Ignition Weight 50, 687 49,952 47,392 46,658 19, 351 v 18, 981
Pre- & Post-Flows 213 208 71 65 426 1390
Impulse Propellant 48,196 47,358 45,148 44,299 16,504 16, 052
Propellant Margin 216 220 224 225 133 131
N, Gas 8 9 8 9 63 63
Wet Weight at Burnout 2,053 2,173 1, 940 2,060 2,225 2, 345

¢ 11ed ‘II ICA
G€92STU-DOSIN'T
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‘ Table 6-15
CANDIDATE EVOLUTIONARY STAGE CONFIGURATION

LT4 ‘UDMH/ZHDA .-
--v---|-5-----m;----p--5w--ug-------.---—o-.-'--!wX----P'-w-ﬂ---—--;--_---1-----g-—--v«----m-----—-----n—---\'—-~-'—"”'!""""'e
1 11
1 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX [ 1.1
L X 000000000000000000 X i 11
i x Q0 4 00 X i 1.4
rr ey e o . o X 1 14
* L3R O ¢ X0 0 3 0 X 1 1
Lz N xQ 0 $.D2_:0 . SRS § 1.4.D4
. R ¢ X0 0 EY 0 X 103 x4
voe X00 - o 1 0 X 1 14
L X 00 o]} 4 00 X i 14
* x 00 . .00 3 . 00 X i 14
L X -000000000000000¥000 X : 14
1 X X 1 e P
1 KXXXXXXHXXXXXHXXNKXAXXXXXXKXKX v 14
-9!9--1-—9--l--.--g--q----ap-u-,.---------..---v-x.--q-u--.Vg----q---_---a--..----..-q.-------.---.--.y---------'-----g------ v

M
LLE L IEY Ll Al ok Rk e A et Rk Red e R Ik th s a2
L)
R
A K : N
» . Sremppad QeeeectecrtrenpenessnntrrrevetosrTeeerPesrrererruntrerronrmwfonrraponte)
. [-J. ] : b
. dmpreggecsontsenn) Cagvmnv) fevranvdunnd . o >
dracnenw-ecatgnnazed Crngpananaed :
o]
4.,-wgg-----.a-'.-'---'.q---g,--g--—-----.-----7----,.--I---n--,.--_,-_ mesEemassensertscenfecmcrnsereenravraer-cfuscsrmoroa)
BULK HEAD ELLIPBE RAT10. 18 1,4142
;MPAYLOAD TANK PANK HEAQ: CYL.___TOTAL ELLAGE NET TANK  STORED “RESIDUAL __TOTAL  SPECIFIC
LENQTH TYPE LENGYR TVOL,VOL, V0L Vo, LISV CTauID L IeUT0 TMPULSE ~TMPULBE
(FT) (FT) (FTg) (FTY) *3) (FT3) (FT3) (LB) (LB) YR (SEC)
36,24 FUEL 6,8 291,48 10 291. 19,8 272,0 13356,8 45,7  13314,1 310,0 ——
OO0 OX vV, 0 143,V 7240,2 386,31 37, 2 348,8 35435,8 121,3 35314,¢9 .

GEOMETRY OF TANKS

~=DIMENSION ™ " K~ B TTTTTLT ._D ] -uatill Sy SR TR l-‘J”“_ K™ S N T g e _.,.._A_.__._...-..v.v.- o

IN FERY 10 846 9,9 3.3 5._5‘ 3,3 10 10 W0 20 3,3 2,0 23,86 36,2 0 60,0 _
IN INCHS +0 103,23 114,28 19,2 69,3 39,2 0 10 0 0 39,2 23,4 28%,1 434,9 +0 720,0
———— : .- —m e i s s e e e e« e o ......._ - . e st - mmm s e e as aen ...,,‘,,.,_.,,.“.....4 hr et MMeaas mdmn e e e imae e e e e e s e s we % mme tmm e i " - ————
DIMENSTON DY D2 Q3 D4 : o , o
IN PEET 912 9.2 10,8 15,0 | : //
N INGHS TTE0TY 18039 120;0 480707 T T T 0 T T e e s s o -

2 31ed ‘II 10A
6€9ZSTA-JSIN'T
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" Table 6-15 (Cont)

ENGINE CHARACTERISTICS

) ~N
: T PROPELLANT TYPE ~ " MIXTIRE RATIO (0/FY OX DENSITY FUEL DENSTTY
MaIN ENGINE UDMH/HD A 2,653 101,58 LBS/FTY 49,14 LBS/FT3
REACTION COMTROL SYSTEM N204/UDMH

MATN SYSTEM

DESIGNATION 8096 BELL ENGINE (MULTI=START)
SQURCE BELL _AERQSPACE CQRPORATIOQN
OPERATING CONDITHCNS
VACUUM THRUST 17620, LBS
VACUUM SPECIFIC [MPULSE 310G,0 SEC
FLOW RATE . 56,9 LB/SEC
e EXPANSION_RATLC . 55/1

MINTMUM BIT IMPULSE

23780, LBeSEC

2 1xed ‘Il 10A
G89ZSTA-ISIN'T
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EVOLUTIONARY STAGE PERFORMANCE SUMMARY (IS p

PERFORMANCE

Table 6-16

S UMMARY

= 310 sec)

ON ORBIT VELOCITY ® 2000, FPs
MIBSTON MOpPE JGNITION WT, PROPELLANT WT,  "P/L DELIVERED P/L RETURNED 'P/L DEL; DEN, P/l REY, DEN,
L8 LB LB LB LB/FT3 LB/FT3
TEXPENDABLE T 287473, 48628, 216797, 0 33,882 Y000
FIXED IGN, WT, 65000, 11817, 51131, o0 7,984 4000
_REUSABLE/Y 264827, ng& N—— Yt L1 B 33,439 000
“FIXED TGNV WY, 63000, 12298, 50649, 0o 7,909 000
REUSABLE/2 . 144496, 48628, 93546, 93816, 14,602 {4%602
PIXED IGN, WY, 68000, 21919, 41028, 41028, 8,404 £,406
EUSABLEZS 0878, 45625- ) 166011. <000 251922
FIXED I1GN, WY, 65000, 0, ,000 ~,00p
e e MISSJON, AQJ,SIGN_L _AND_ PgR_F_ORMANCE sstmvas
EXPENDABLE REUSABLE7Y” REUSABLE/2 REUSABLE/3
sP/LD sp/LD sP/LR *P/LD #P/LR aP/LD #P/LR
§15F 177930, 178103 +000 v O2i#03 [ BH1e0Y 000 1117+04
o -.9esoo¢ '#,978+06 +000 232406 ©,232406 000 ‘145406
_ L. S 133908 ,000  =,230406 _-=,230406 000 .y 71706 e,
Vi ‘120403 1000 -.Zauuz », 264402 +000 ‘84177402
aDv2 8.140404 1000 ®y204402  »,284402 600 ‘81888402
e L) #229404 1900 =¢300401  -»,300404 1000 23178401
WP +450+01 +000 W 197%01 , 197401 +000 +340%01
R 1276408 .0, 964%06 1211406 v, 163406 (166406  v,129406
ON ORBIT VELOCITY & 4080, FPs
MISSION MOpE IGNITION WT, PROPELLANT WT,  pPyL osuveaeo P/L RETURNED PsL DEL, DEN, P/L Raf DEN,
T ¥ I o e _LB/FT3 LB/PTS
ExPENerLE 147109, 48625. 96431, 0 15,087 fo00
__ FIXED IGN, WT, 63000, . 21483, 41462, 0, 6,474 40
“REUSABLE/] 143950, 3825, $Y272, o, 14,564 Y060
FIXED IGN, WT, 63000, 22829, 40418, 0, 6,314 ,000
. REUSaBLE/2 87409, 48628, 36731, 36731, 5,738 8188
"FIXED TGNy WT, " 65000; 36459, 26788, 26748, 4,163 4,183
REUSABLE/3 50678, 48625, R 60593, +000 an
FIXED IGN, WY, 659080, 0, 0, 0, 000 1000
MTES1ON; BYS] 6Ny %ND rﬁronmwcs BENSITIVITIES
@XPENDABLE - REUSABLE/Y REUSABLE/2 REUSABLE/)
#P/LD_ AP/LD _ eP/LR AP/LD sP/LR aP/LD.  &P/LR_ . =
1386403 ,390403 000 /239403 ,239403 000 1487403 S=
®199406  =,195¢06 000 #4467405 e, 487408 1000 ®,446405 R = ch
%, 621408 #,62{+04 1000 w 482805 e, 482408 + 000 123406 =
»y 299402 ®,292+02 4000 ‘. 699404 ©, 699404 000 669401 e -]
. 2623400 », 940400 +000 =1 699401 =,699404  ,000 . e=,i86802 - =
‘100403 =,254401 41000 ©,100%01 w,100404 +000 »,465401 R
1203403 ,203+0% +000 1798400 798400 000 1132401 BN
2000 .2144406  »,189%06  ,B94405 379408 406408 _=,304405 S x8 g
[\
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9%-9

MISSION MODE IGNITION WT, PROPELLANT WY, p/L DELIVERED P/L RETURNED P/L DEL, DEN, P/l REY, DEN,
Y] . LB L8 L8 LB/FTS - LB/FTY
TUEXPENDABLE T TTTTTTTTTTT 10752Q, 0 77 77T 748628, ‘56842, ) 0, 77T Te,878 1000
FIXED 1GN, WT, 65400, 29396, 33582, 0. 5,23¢ 1000
REUSABLE/Y 103699, 48625, $3042, T 8,278 o 1000
FINED IGN, WT, " 65000, 31128, 34819, 0. 4,968 +00Q
REUSABLE/2 69173, 48625, 18495, 18499, 2,888 21808
FIXED IGN, w?, 65000, .. 45692, 17285, 17258, _ .. .. 2,694 o 2,694
T REYSABLEZY T 50678, ToT48628%, T 0. 28404, ‘ 7,000 47435
FIXED IGN, WT, 65000, 0, 0, 0, +000 1000
MISSION, DISIGN, AND PERFORMANCE SENSITIVITIES
FXMENDABLE REUSABLE/1 REUSABLE/2 "REUSABLE/D
sP/LD ap/LD aP/LR 4P/L0 aP/LR sP/LD oP/LR
b OISR 12534097 T, 240403 20007 TTTTTTIL42403 T L, 142403 77,0007 1263803 R
L3731 v, 743402 ®,888¢05 1000 160405 «,140+0% +000 »,180405
ay2 ®,454404 »,454404 1000 ®,159405 o,159409 +000 v 383405
aDyy ®,131+0¢ v,126¢02 ,000 ®,293401 e,2934014 »000 w, 330401
aDve '|‘55’DU w,840¢00 |°°0 -.293‘01 », 293408 000 w 668001
ayl *,;100401 », 28701 »000 =,100001  «,10040¢ 4000 wy184401 e
i AWP T 1121601 T (4244017777 ,000 T T (423400 0 L, 423400 77 L0007 ,649400
AR 1000 :989+05 64240 1482405 v,256+09 ,284¢0% ®,152405
e _ON ORBIY vELOCITY = 000, FPS U
MISSTQON MODE JGNITION WY, PROPELLANT WT,  p/\ DELIVERED P/L RETURNED P/L DEL, DEN, P/L RE?, DEN,
L8 L8 L8 LB LB/FT3 La/rrs
EXPENDABLE 88114, 48625, 37440, 0, 5,846 jo00
FIXED IGN, WT 65000, 35869 27079, B, 4,228 0090
TTTREUSABLE/L T TTTTUTTTT U 83454, T T T 48625, T T "32776, TR 5,118 ; :oéo
FIXED IGN, wT, 65000, 38442, 24505, 0, 3,026 1000
REUSABLE/2 60695, 48629, 10017, 10017, 1,564 . 11564
FIXED 1GN, WT, 65000, ' 0. 0. .000 ,000
REUSABLE/D 50678, 48625, 0, 14426, +000 21283
_ FIXED IGN, wT, 65000, .0, 0, Ov_____ . 4000_ o a000 .
MISSION, mS!GN. AND PERFORMANCE SENSITIVITIES
FXPENDABLE REUSABLE/S REUS4BLE/2 REUSABLE/3
sP/LD aP/LD  #P/LR aP/LD sP/LR aP/LD- aP/LR
. AlSP 1185403 1197003 1000 1929402 192902 1000 1154003
aUL . ®y32100 v, 304405 4,000 ©,075404  «,675404 D00 ey 812404 —— .
a2 T e 37204 T @, 372404 +000 7 ey 668404  «,668404 2000 ey 131¢405
aDvy ®,7168401 », 840401 1000 *1151401  «,151+0% 1000 182401
aDV2 ®y373+00 *,841400 4009 1151401 «,15140¢ 1000 »,297401
Yaw] ®,100+01 ,327¢0% 1000 «4100403  «,100¢04 1000 8,144¢01
WP 1R12400 1812400 «000 1248400 1248400 +000 +357+400
—— AR o ...a000 1745405 w,266405 1278405 »,122405 1144405 9, 635404

Table 6-16 (Cont)

LPERFORMANCE SuMMLRY

ON ORBIT VELOCITY ® 6000, FPS

g 1xed ‘II I10A
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SUMMARY

PERFORMANGCE
ON ORBIT VELOCITY & 10000, FPS

M}SS10N MODE wmriou wT, PROPELLANT WT,  P/L.DELIVERED = PyL RETURNED P/L ODEL, DEN, P/L REY, DEN,
Lo LR -

L¥-9

1159405

_.ON ORBIT VELOCITY =

. 12000.

L8 L8 LB/FTY LA/rT3
EXPENDABLE Jr6784, 48425, 26403, 0, 4,074 1000
FIXED 1GN, WT, 65000, . 41164, 21783, R 3,401 1000
REUSABLE/}Y - 74099, 48629, 20417, © . 0 3,188 1000 .
FIXED IGN, WwT, ' 65000, 44766, 18182, . B 2,839 - 4,000
REg?Angiz 5509;. 46625.0 5415, 5415, 1846 1846
— X GNy WY, . es000, 0 [ | T 1Y 1000 50 —_
“REUSABLE/D ~ TV 50678, 7 “ss2s, o ! 1369 +500 11181
FIXED IGN, WT, 654000, 4000 »000
i ) MISSION, oxs;cu. AND PERFORHANCE SENSITlVlTlEs .
EXPENDABLE REUSABLE/S REUSABLE/?2 ~ REUSABLE/J
“oP/L0 sP/LD oP/LR sP/LD #P/LR aP/LD oP/LR
TAISPTT T TTTTTTRL44403 T 16240370 1 000 T T ,634902 7 -7 L 634402 . 000 T1962602
a1 ®,16340% »,151405 2000 ©316404 «,316404 1000 w,388+04
ay2 ®,32440¢ », 324404 1000 *, 313404 v, 313404 1000 ®,537¢04
aDV1 ®,446401 »,413+08 1000 864400 +»,864400 1000 *)106+01
aDV2 ®y32500 v, 896400 000 864400 «,864400 1000 ®,148¢01
vl *¢1100+01 377403 ,000 = «,100401 ~,10040%  ,000 _ *,136e01
aWP T 457900 7777 ,579«00 T ,000 1154400 1154400 +000 . 19209+00
aR 1000 566405 ‘wy 110409 ®,574404 .7)7004 e 266904

"ISS!ON MODE IGNITION T, PROPELLANT WT, P/L OELIVERED P/L RETURNED P/L DEL, DEN, P/ REY, DEN,

ANYdWOD 3ADVdHS B SATISSIN A3I3THMDO0T

L8 8 LB B LB/FTY . \LB/ETS
EXPENDABLE 69469, 48625, 18791, 6, - 2. 934 to00
. FIXED IGNy WY, 65000, 45498, 17480, 0y 72% 4000
“REUSABLEZL T " 62529, ~'48625; 11851, B v1580 Y600
FIXED IGNs WT, 65000, 0. 0, . 0, ,000 +000
REUSABLE/2 53383, . 48625, 2705, 2708, 1422 V422
FIXED IGN, WT, 65000, g, 0, 0, ,000 1000
REUSABLE/3 50679, 48625, Jsos. ,000
FIXED IGNy WT, 65000, ) 04 0, .
“' T TTMISSTO0NG DISIGNa ANG~ PERF ORMANCE SENS!YIV!TIES .
expgwneLE . REUSABLE/Y REUSABLE/2 REUSABLE/D
© eP/LD op/L0 aP/LR op/0 aP/LR aP/LD - oP/LR
s[SP 1116¢0) 1143402 +000 1442002 . 442402 1000 . 1617402
Wt ",893¢04 w,804e04 000 «,157¢04 “,157¢04 2000 w,193¢04
U2 T T, 293404 6,203408 7,000 T w,155604"  e,155604° 0007w, 235404
apvi 299403 #,269403 4000 ®,524400 »,524400 000 . v, 645400
aDv2 », 294400 ®,990¢00 +000 *,924400  »,524400 ,000 «,793+00
Wl . #4100¢0% »,438401 1000 «y100401 «,100404 +000 #,130401
awp 1429400 1429400 1000 © W978e08 +978=01 ,000 1127400
SR 1000 _ +401405__»,508%04  ,U35¢04  +,247404 (351404  w,104¢04

g jxed ‘II TOA
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MISS1ON MOpDE

EXPENDABLE """~
FIXED 1GN, WT,
REUSABLE/L
_FIXED IGN, wT,
REUSABLE/2

 FIXED IGN, Wi,
REUSABLE/3

FIXED 1GN, WT,

A|SP -
AUl
ay2
aDvy
apve
AWl
AWP
4R

MISSION MODE

EXPENDABLE

FIXED IGN, WT,
REUSABLE /3

FIXED IGN, WT,
REUSABLE/2

FIXED IGM, wT,
REUSABLE/3

FIXED 1GN, WT,

‘a1sP
al
a2
apvy
aDv2
awl
AP
aR

JOGNITION WT,
LB

T 64238,
65000,

55680, .
65000,

51640,
65000,
50676,
65000,

FXPEANDABLE
sP/\D

1941+02
®,501+04
®,274+04
»,207+01
n, 272900
*,100+01

1321400

1000

TUNITION WY,
Ly

60847,
65000,
5050V,
65000,
50649,
65000,
50678,
65000,

PXPENDABLE
sP/LD

01792402
®,307+04
"|257005
*,153+01
*,258+00
*,100+01
+251+00
1000

Table 6-16 (Cont)

_PERFORYANCE SUMMARY

ON ORBIT VELOCITY * 14100, FPS

PROPELLANT WT, P/ DEL. DEN,

P/L DEWIVERED P/l RETURNED

LB L8 LR

P/, REY, DEN,

LB/FT3 L8/FT13
48625, 13560, 0, - 2,147 1000
' - 0, 0, 4000 4000
48625, 3002, 04 1784 1000
0, 0. 0, . ,000 1000
48625, 968, 968, . 1154 1151
- p'” 00 . 0y . ... W000 1000
48625, 0. 1200, +000. 1187
- 0, 0, 0, 000 +000
MISSION, DISIGN, aND PERFORMANCE SENSITIVITIES:
REUSABLE/Y REUSABLE/2 REUSABLE/3
AR/LD aP/LGR sP/LD aP/LR aP/0D aP/LR
1133403 77,000 1308402 305402 ,000 1392¢02
n,434¢04 1000 =, 780403  *,7R0+403 +N00 v, 94903
ry 271404 4000 n,772+03 ., 772¢03 1000 ®,103¢04
ne179401 +000 322400 ~,322400 1000 »,392¢00
»,113+04 1000 322400 «,322+00 «N00 n, 430400
»,517+01 _ ,000 *4100402  =~,100+0% 1000 eg124e01
+321+00 - ,000 1621701 1621-01 000 1770-04
1209405 v, 161404 1312404 -,749+03 2120404

*,288+03

ON ORBIT VELOCITY =
" PROPELLANT WT,

164000, FPS

P/L DELIVERED P/L RETURNED P/L DFL. DEN,

L8 L6 LR LB/FTY
48625, 1n169, 0, 1,588
0, . 0, 0, »000
‘6625' ) 0- 0. .000
.0y 0, 0, , 000
48623, 0, n, 000
9, 0, . 0, ,000
48625, 0, 0, 1000
0y 0y N, ", 000,
MISSION, DISIGN, aAND PERFORMANCE SENSITIVITIES
REUSABLE/Y REUSABLE/2 REUSABLE/]
sp/LD aP/LR ap/LD aP/LR aP/LD oP/LR
1133403 1000 1219402 1219+02 1000 1262402
255404 ,000 », 423403 «,423403 1000 506403
v, 257404 000 e 41940) =, 419403 . ,000 #,50140)
»,127+01 + 000 e,211+00 v,211+00 000 253400
»130401 000 ©1211400  »,211400 000 *1253400
e, 604408 «000 - »,100401  =,100+01 000 *,120+01
1251400 1000 1416-01 141601 «N0D +499=01
*,899+03 1448402  «,985402 1195402 w,354402

1702401

P/L REY, DEN,

LB/FTS

g 11ed ‘II 10A
6e9ZSTA-OSIN'T
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EVOLUTIONARY STAGE SEQUENCE OF EVENTS AND WEIGHTS FOR SYNCHRONOUS-EQUATORIAL MISSION
(I
sp

TEOMMENTS T

S REVIUURIE 8 1 WS

SYNCHRONOUS EQUATARIAL MISSION

INITIAL CONDITICNS
TARGET CONDITICNS

FINAL  cONDITICNS

VOMH/HDA

Table 6-17

= 310 sec)

_sYN EQ

400ONM CIRC, 24,3 DEG INC EARTH QRBIT
19330NM CIRC, 0 DEG INC EARTH ORB]Y

OUTBOUND FLIGHT PROFILE vaONMANN XFER OPT INCL SPLIT

RETURN FLIGWT PROFJLE
STAY TIME AT TARGET

PAYLOAD LENGTN 36,2 FT
. . PAYLOAD DELtVERED TO YARGEY 13234,
PAYLOAD RETURNED TQ FINAL CON 0,
IMPULSE PHQPELLANT 48412,
WET INERT WEIGHY 2053,
CONDITIONS EVENY

TTUINITIAL T SPaCR UG DEPROY (INC(#28,3)

PHASING ORBIT INV (INCL®26,1)
ENGINE Pésr A L]
T U XPEN CRAIT INJ CINCLe26,8)
MICCOURSE + ATTITUDE CONTROL

SYN EG INJ (INCL20,0)

TARGEY §

FLIGWT PERFORMANCE RESERVES

T ot

PAYL
“PavL

0AD DENS]TY
0AD DENSITY

(033 (B/FTI
.000 LB/FT3
8,015

MISSION SEGUENCE

RCS PRUPELLANT
TIME DELTa V
L DYIHRMIN - FPS
01 04 ,0
0,
oy 01 L0
01 013p,0
7932,
01 0140,3
‘0% 0140,3
0,
01 0140,
04 9348,3
260,
0% 9148,5
0110130,5
3
10930,9
0114359,9
5865,
0113 3,6
T01L%t 3,6
' 140,
DIAD4 3,6 .

ENGINE
" TYPE

.RCS

MaIN

MAIN

MAIN -

RCS

MAIN

MAIN

152686,5

BASED ON D4
BASED ON D4
WEIGHT DELTA WT IMP PROP
LAS L88 ____ REM LBS .
63920,0. 48412,
0
.
63920,0 . 48442,5
. 11,0
63909,0 48412,3
38037,5. .
28871,5 13375,0
60,0
28831,5 13375,0
]
0
© 28811,5 13375,0
. 11,0,
28800,5 13375,0
740,0
280696 12635,0
60,0
28000,¢6 12635,0
8,0..
271992,5 . 42635,0
11.0
2798145 12635,0
: 12448,8
15562,7 216,2
) 60,0
15502,7 216,2
216,2
«,0

2 3xed °‘II 10A
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Table 6-17 (Cont)

— e . LTa YOMH/HD A

SPACE TyUs WEIGHT aND COST SUMMARY

SYSTEM DEFINITION

PROPULSION SYSTE¥
ENGINE
PRESSURIZAY]UN COMPONENTS
START COMPONENTS (NUMBER OF STARTSs 0)
VALVES anD PLUMBING

STRUCTURES
TANKS
FORWARD INTERSYAGE, DOORS, RACKS
AFT RACK ANC MISCELLANOUS
INSULATIUN

GUIDANCE AND CONTHOL -

LTV AND ©

REACTION AND COMTWOL SYSTEM

POWER
BATTERIES
WIRE MARNESSES
JeBOYES aNn mM|SCELLANEOYS

TOTAL

SYN EGQ

WELGHT

L8
21,

208,
170,
0,

180,

1854,

0,

0,

cosT

MS

0.

0.

0,y -

DO,

0.

0

1y

SOURCE

WEIGHT CoOSTY

1}

4)

4)

A)

A)

[})

4)

2 1ed ‘Il TOA
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Table 6-18

EVOLUTIONARY STAGE SEQUENCE OF EVENTS AND WEIGHTS FOR INTERPLANETARY MISSION

e e e oo TR . UDMH/HDA

1962 VIKING MISE]ON

INITIAL CONDITICNS 10ONM CIRC, 24,3 DEG INC EARTH ORBIT

TARGET CONDITICNS TRANS 'MARS [NJECT[ON
FINAL  CONDITICNS

T coMmMeNnTs

OUTBOUND FLIGHT PROFILE 10 DAY LAUNCH PERIQD

RETURN -FLIGHT PeOF[LE
STAY TIME AY TARGET

PAYLOAD LENGTW" 32 FT

PAYLOAD DEL1VERED TO TARGEY ...46512,

PAYLOAD RETURNED TO FINAL CON 0,

IMPULSE PXOPELLANY 45372,

WEY INERT WEJuMY 1940,
CONDITIONS EVENT

U INITIAL  Tus LEFLOY, FHOM SPACE SMUTTLE

TRANBSFARS [NYECTION

FI.1GHY PERFOMMANCE RESERVE
TARGET 4

PAYLOAD DENSIYY
Pay_0AD DENSTTY
RCS PROPELLANT

INTERPLANETARY

011 LB/FT3
,000 LB/FT3
8,015

MISS1ON SEQUENCE

TIME NELTA v~
DYIRRIMIN FPS
01 0 ,0

1,
0t 01 ¢
0) 0330,4
12250,
0% 0143,7
01 0143,7
120,
01 0343,7

ENGINE
TYPE .

RCS
MAIN

MAIN

_BASED.ON.D&. _____ . . : e
BASED ON 04

WEIGNY DELYA WY IMP PROP

- .L8S . .LBS__ __ REM \BS ..
63903,3 45572,53 ‘
. 8,0
63895,3 45372,5
11,0
63884,3 45372,5
45149,0
18735,3 223,5
. 60,0
18675,3 £23,5
223,5
18454,8 ,0

g 1xed ‘Il 10A
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Table 6~18 (Cont)

LYA . LOMH/HDA INTERP| ANETARY

SPACE TUG WEIGHT AYD CNSY SUMMARY

SYSTEM DEFINITION WEIGHT cos7 . SQURCE
LB -ME WEIGKRT COSY
PRUPULSION SYSTsF 421, 0, Y 4)
ENG INE ' 0,
PRESSUR{ZAT]UN COMPONENTS 9,
START COMPONENTS (NUMBER QF ST4RTS» 0) n,
VALVES AND FLUFMBING : 0,
STRUCTURES : 875, '
TANKS - 0, o v b
FORWARD INTEWSTAGE) DUORS, RAGKS 0,
AFT RACK ANL MISCELLANOUS : 0,
INSULATION 0y
GUIDANCE AND CLONMTRQL 193, 0, 1) 4)
ST TANDC 160, 04 . o) 4)
REACTIQN AND CONTHQL SYSTEM o, D 1) A)
POWER 92 A
BATTERIES ’ ' 0 o Y )
VIRE HARNESSHS 0,
J=BOXES ANP mM]SCELLANEOUS © 0
TOTAL 1744, 0,

2 1ed ‘II TOA
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EVOLUTIONARY STAGE SEQUENCE OF EVENTS AND WEIGHTS FOR LOW-EARTH~ORBIT MISSION

SUN SYNCHRONOUS MISSICN

INITIAL CONDITICNS
FINAL

Table 6-19

Isp

LTA  UDMH/HDA

= 310 sec)

SUN SYNC

100NM €]R¢, 90,0 DEG INC EARTHW oRBIT

TARGET CONDITICNS TARGET i= GOONM ClRy 99,884 DEG INC TARGET 2= 400NM CIR, 98,262 DEG INC

COMMENTS

QUTBOUND FLIGWT PROFILE
RETURN FLIGHT PROFILE
STAY TIME AT TaARGET

CONDITICNS 100 NM CIRC 98,262 DEG

INCL

HOHMANN XSFER OPT INC sSPLIY
HOHMANN TRANSFER
1,3 REV re= 29DAYS

3,038 | B/FT3
1,484 (B/FT3
62,894

MISS|ON SEQUENGE

PAYLOAD LENBT™ 36,2 FT
PAYLOAD DELIVERED TO TARGET 9504, PaYLOAD DENSITY
PAYLOAD RETHRNED TO FINAL CON 9504, PaYi_0AD DENSITY
IMPULSE FROPELLANT 16637, RCS PROPELLANT
WET INERT WFGH? - 2225,
CONDITIONS EVENY TIME DELTA V
. . DYIHR {MIN FPS
INITIAL ~ SPaCk TUG DEPWOY, (INGL® 90,0) 0§ O3 ,0
o,
01 91 ,0
XSFEm CRBIT INJ (INCL® 93,104) 0 0130,0
1633,
ot O|]1.7 :
MIDCOURSE & ATTITUDE GONTROL 01 0:56,5
?
01 0157,8 '
""" “INJ 8QUNM CIR ORB (INC®99,884) 0OF 1121,6
2895,
0t 12,2
© FLIGHY PERFOKMANCE RESERVE 0t 1124,2
TARGET 3§ v 45,
- ) 01 1)24,2
XSFEW CRBIT INJ (INCL ® 99,04) 01 3141,7
46%
01 3141,9 '
"7 MIDCUURSE ¢ iIYITUDE CONTROL 0t 4 8,6
5
ot 43 9,0 )
INJ 60ONM CIR ORA (INC29B,262) 0} 4134,0
. : 456
ot 4134,2 '
Fi JGHY PERFOMMANCF RESERVE 01 4134,2
YARGEY 2 9,
T QU 43134,2
XSFEW CRBIT INJ (INCLa 98,262)29¢ 4134,2
504
291 4134,4 !

ENGINE
TYPE

RCS.
MAIN
RCS

MAIN
MAIN
MAIN
RCS

MATN
MATIN

MAIN

BASED
BASED

WEIGHT
Les
38358,8
38358,8

'38347,8

ON D4
ON D4

DELTA WY

Wes ___

11,0

I1MP PROP

. REM {BS

16637,2
16637,2
16637,2

..5786,2 .

32561,6

3250146
32478,0

60,0
23,6
11,0 .

32467,0

24298,3
24238,3
1 24129,2

14614,3°

13951,2
13891,2
13883,9
1387249
-13254,8
13194,8
13182,9
13871.9

12525, 4

8168,7
60,0
109,2
9514,9
683,1
60,0
7,3
11,0
618,0_
60.0
11,9
11,0
646,5

10850,9
10850,9
xhaso.v
10850,9
2682,3
2682,3
2573,1
28731
1010,0
1910,0
1910,0
1910,0
1992,0
1292,0
1280,0
1280,0
633,5

2 1xed °‘II 10A
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FINaAL

M]DCUYRSE * ATTITUDE CONTROL 29!

29}

INg $QUNM CIR ORB (INC998,262)29¢

FL JGHY PERFOMMANCE RESERVE

291
291
29

Table 6-19 (Cont)

4158,3
4169,0
5123,0
3123,2
5123,2
9123,2

27,

514,

10,

QCs

MAIN

MAIN

12465,4
124334
124224
1160046
11740,6

11728,9

60.0
32,0
11,0
62,8
60,0

11,8

g 1ed ‘Il 10A
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SPACE TYG WEIGHT AND COSY SUMMARY

SYSTEM DEFINITION

PROPULSION SYSTpM
ENGINE o
PRESSUR|ZATIUN COMPONENTS
START COMPONENTS (NUMBER QF STARTS® 0)
VALVES aND PLUFGBING

STRUCTURES
TaNKS ) _ )
FORWARD INTE~STAGE, DUORS, RACKS
AFT RACK ANC MISCELLANOUS
INSULATION .

GUIDANCE AND CONTROL
j T AND C
REACTION AND COMTWOL SYSTEM

POWER
BATYERIES
W{RE HARNESSES
J=B0XES ANPN M]SCELLANEOUS

Table 6-19 (Cont)

LTA_ UDMH/MDA  SUN SYNG

WEIGHT
e -

421,

815,

394,

180,

160,

TOTAL 2030,

cosT
MS

0,

04

0o

0.

0,

04

0

SOURCE
WEIGHT COST
ST
1) A)
1) 4
1) a)
1) A)
1) 8)

Z 1xed °‘II TOA
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Table 6-20

EVOLUTIONATY STAGE CANDIDATE CONFIGURATION FOR NZO 4/ MMH PROPELLANTS (Isp = 322 sec)

IN INCHS W0 103,2 114,2 41,1 62,8 41,1 10 10 0 »0 41,1 23.4 282,6 437,4 w0 720.,0

LTa MMH/N204
iehahaiadal Sal S bl b el hdnd it dedl £ S bbbl A b X emeewtecctavennrsrrcasrrrncnemn -1: --------- hiided A S A L !-g------"-' ‘
L S J s o R — - [ UR S S
1 . IXOXXXXXXUX KK XXX XXX XX XK XX XXX XX a 11 :
1 - X 00000000000004000 X 1 11
1 : X _ 00 001 __0¢ X 1 14
1+ + x N0 00 - 1 o] X 1 11 -
e+ 4+ X0 -0 1 0 X 1 14
ot - * X _ 0 1D2 0 _X i A 1D4
+ + 0+ + X 0 0 1 0 X 1 03 X 1
e+ X0 0’ 1] 0 X 4 11 -
. *X 0 0 1 00 X 1 11
+ x Q0 00 b1 [s]e]¢ X 1 11
1 * 000U0000000Q00V0000 X 1 11
e X . S 1.3
1 XXXXAKKXXXK XXX KKK XK XN K XXX KXY v 11
P-!--th---.'---.--.---'."'-.--—-------—--—’-,"-X------------—---o..-w-----’-------”—------'--------——--------p-g---:------ v
M
TSI, k- dudocd-Andptuddtothaludfuibob et iadulieditenin nesTrercIen> [ J—
' J
>
A K N
5 T ——— E e e Ll T T T Ty s ipagmpeppefi e Pyt cerfegisapanece>
B ) o] P
Lk datdedutedtti eteenm) CacvawT) o o - _.‘,_.,....)_._..“....
¢
Corrrararccargmnnmnd L R ittt
. (o) R
- <----,------!---------‘-—-;.';;---. ----- -------------'-----"-----..--------,----------—-,--------------.-----------p.g---y--"~’
. BULK HEAD ELLIPSE RATIO IS 11,4142
PAYLOAD TANK = TANK HEAD  CYL, TCTAL ULLAGE NET TANK  STORED RESIDUAL  TOTAL _ SPECIFIC e
TUOLENGYH T TYPE C LENGTFT VoL, Vel VO T TTTVOL Y C1euTn™ ""{1auTD LIguUID IMPULSE IMPULSE
(FTY . (F1). (FT3) (FT3) (F13) (FT3) (FT3) (LB) (.8) (LB (SEC)
36,45 FUEL 6,y 337,35 W0 337,33 25,9 3414 17002,9 63,1 16939,7 322,0 -
Y 000X TUEVYT 163,721V, 5TTIRE, 1T B 3455 309452 114,97730830,3 :
GEOMETRY OF TANKS -
TTDIMENSIONT T T4 B 2 o - e e PO | I A A - R o
IN FEF-T '_0.__4_516A ,..9'5_4 }l‘ SOZ ‘}l4 _'_‘ng__ lu |0 “__AoU 3-4 210 2312__36I4 .0 60-0 e oo I

OIMENSION LB e . —
IN FEET 947 9.7 10,0 15,0

TTINCINGHS 11643 196.3 120,0 189,0

2 3xed ‘II oA
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EVOLUTIONARY STAGE PERFORMANCE SUMMARY (ISp

Table 6-21

= 322 sec)

- - i PERFORMANCE SUMMARY
ON ORBIT VvELGCITY = © 2000, FPS
T MISSTON MOBE " TGNLTION WT, T PROPELLANT W1, P7L GELIVERED ~~B7L RETURNED P/L DEL, DEN, P/L REY, DEN,
L8 LB L8 LB LB/FT3 LB/ETY
TEXPENDABLE 271956, "T47770, 2220173, O 34,470 1000
FIXED I1GN, wWT, 65000, 11417, 51410, 0. 7,982 1000
BEUSABLE/Y 269179, 47770, .....21%9232, D 34,038 {000
FIXED IGN, WT, 65000, 11906, 50921, 0, 7,906 1000
REUSABLEZ2 146093, 47770, 96150, 96150, 14,928 147928
__FIXED IGN, wWT, 65000, 24254, 41573, 41573, 6,458 61455
REUSABLE/3 45943, 47770. 0. 171?61. 000 263590
FIXED I1GN, WwT, 65000, 0, 000 1000
e e e MISSION, DISIGN: AND. PERFOR}'A_NCE ssws:nvxngs_, e
EXPENDABLE REUSABLE/L REISABLE/2 REUSABLE/3
aP/LD AP/LD aP/LR ap/LD aP/LR aP/LD aP/LR
a TSP V765%03 W 767%03 1000 1214403 1514+03 ,000 1116+04
ayy =.105+07 =, 104407 +000 4248406  ~,248406 +000 =, 181+06
I ay2 =4124+02 =4.124+05 1000 =,245+06 ~,245406  ,000 224406
aDV1 =y123+03 -,122+03 1000 «1290+02  =,290402 1000 -y 177402
any2 -y119+01 ~¢146+01 ,000 =1290+02  =,290402 000 ~1912402
a1l =4100+01 =,228+01 000 ~3100+01  =,100+04 2000 4178401
ayp 1469401 V469401 ,000 1206401 , 206401 ,000 1367401
aR 1000 +281+406 =, 1033%07 !216¢06 " 169406 2171406 =,134¢06
B ON ORBIT VELOCITY = 4000, FPS
M{SSION MODE IGNITION WT, PROPELLANT WT,  P/L DELIVERED P/l - RETURNED P/L DEL, DEN, P/L RET, DEN,
e L8 [ B R I L LB/FT3 LB/FTS
EXPENDASLE 149070, 47770, 99128, 0, 15,394 v000
FIXED IGN, WT, 65000, 20829, 41998, 0, 6,824 ,000
TREUSABLE7Y 1457758, TATTIY, 98839, T Ny 14,879 1000
FIXED IGN, WT, 65000, 21863, 40942, 0, 6,357 1000
REUSABLE/2 88930, _A47710, . ...._..3B088, e_.38088, 53914 51944
TUTEIREN TGN, Wi, T B[ - 1P ) PR 27585, 27455, 4,278 4,278
REUSABLE/3 49943, : 41770. 0, 63209. ,000 93844
___FIXED IGN, WT, 65000, . 04 000 4000
AISSTON,” DlSIGN. AND PEP'FORVIANCE SENSITIV!TIES
EXPENDABLE REUSABIEZ1 REUSABLE/2 REUSABLE/3
eP/D L AP/LD aP/LR 0 8P/LD  eP/LR _AP/LD ___eP/LR —
1379403 333403 +000 1237+03 237403 ,000 14R6+03
~1215+06 -,210+06 ,000 -,504405  =.504405 1000 =,475+405
= A8+ 09 »,678%C3 Y000 TEV496%05 =, 499408 y000 «y135+06
-1305+02 «1299+02 000 = 717401 =, 747408 N00 - wy675+01
=1655+04 =.973+00 ,000 =1717401 -.7_17:9!_ L0000 ma193%02
=4100%01 T 252+C1 000 -, 100+01 “=,100+01 «000 =1166+01
1212401 ,212401 ,000 1843400 843400 ,000 1140401
L0000 © 0 a143#06  -,203%Q6 1918405 -,605+03  ,632+08__ _=,417+05 N

g 11ed °‘II I0A
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PERFORMANCE SUMMARY

ON ORBIT VELOCITY = 6000, FPS

ANVAdWOD 3DVdS 2 S3TTISSIN A33aHMUD0N

86-9

TMISSTONTMODE TTIERTTION WYy TTTPRGPELTANT TV PJLUTDELTVERED AL RETURNED P/L DEL, DEN, P/l REY, DEN,
LB L8 L8 L8 LB/FTS LB/FT3
EXPENOABLE 109673, 7770, 50671, 04 9.109 1000
FIXED IGN, WwT, 65000, 28588, 34239, 0, 5,316
__REUSABLE/1 104647, 41770, 54707, 0 8,494 ¥.000
FIXED TGN, WY, 65000, 30332, 32496, 0, 5,045
REUSABLE/2 69311, 47770, 19368, 19368, 3,007 3%007
FIXED IGN, WT, 65000, 44799, 18029, 18029, 2,799 2,199
T TREUSABLE/S 79943, 47770, 0, 299aa. ,000 47655
FIXED IGN, WT, 65000, 0, ,000
. o _MISSION, clSIGN. _AND PERFORWANCE sswsmvxnas
RXPENDAALE REUSABLE/L REUSABLE/Z REUSABLE/3
eP /LD ap/LDh aP/LR ap/LD aP/LR aP/LD aP/LR
&SP \249%03 V256403 , 608 1 141+03 141403 , 000 ,262+03
ayt =, 775409 ~ 747405 (000 178405 .= 175405 000 ,195¢05
- sy2 =1494+r04 4494404 000 =,173+05 . ~.173405 _ ,000 21401408
abvi - 134%02 =, 129+02 2000 ~3025017 =, 302+01 «000 =1337+01
apv2 4477400 -, 860+00 ,000 302401 -, 302401 000 =,698+01
awl =4100+0% ~,282+01 +000 ~4100+01  ~,100+0% 000 =,155+01
aWP v127%01 ,127+01 , ot +351+00 145100 1000 ,698+00
R 1000 1998405 », 697405 1300405  »,274405 300405  ,164405.
ON_ORBIT VELOCITY = 8000, FPS
_MISSION MUDE [GNITION WT, PROPELLANT WT, P/l DELIVERED P/l RETURNED P/L DEL, DEN, P/L RET, DEN,
JE U 1 - | : L8 S N - N ] \_LB/FT3 \B/F13
EXPENDABLE 88758, 47770, 38814, 0, . 6,026 1000
FIXED I1GN,_ WT, 65099_ 34984, 27843, O 4,323
"TREUSABLE/1 839867, - 37770, 34024, 0, 3,283 1000
FIXED I1GN, WT, 65000, 37562, 25266, 0, 3,923
. REUSABLE/2 . 60560 47770, . . .....A0617, 30647, 1,648 1648
FIXED 16N, WF,™ 65000, 0 0, ,000
REUSABLE/3 - 49943, 47770, 0. 15433, 000 21396
FIXED IGN, WT, . 65000, Y 0, n, 000
) T"NMISSTON, DISTGN, aND PERFORMANCE SENSITIVITIES
RXPENDABLE REUSABLE /1 REUSABLE /2 REUSABLE/S
et e et e LBPILD _.8P/LD _ _eP/LR L .AP/LD  eP/LR _____aP/LD sP/LR e
a[spP 1183+02 1194403 ,000 1931402 , 931402 2000 1157403
e o)y =1352+09 ~.333403 1000 =1749404  ~,749404 000 ~,898+04
""'"""Z'Lji""”""‘ V404¥04 TTTETAgER04 , 000 = 742+04 -, 742404 ,000 =,143405
apvy =4735401 " 69640 «000 ~y157+401 ~,157401 .000 ~y188+01
aDv2_ N =¢390+00 ~,052+00 1000 *4157¢01  =,157+01° . Q00 ___ =y34340% .
awl -,100+0% ~,320%01 +000 -,100%01 7 ~,100%01 , 800 =,149+01
4P 1058+00 858400 1000 1268+00 1268400 «000 1389400
aR 000 __,750+05 my292%05. 4292405 =,133+03 1454405 = ,700+04 .

g 1xed ‘Il 10A
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Table 6-21 (Cont)

. ~ PERFORMANCE SUMMARY
ON ORBIT VELOCITY = 10000, FPS
MISSTON MODE GNITION WY, 7 PROFELLANT WT,” “P/L DELIVERFD P/L RETURNED P/L DEL, DEN, P/L RET, DEN,
L8 ] LB LB LB/FT3 LB/FT)
EXPENDABLE" 77{32, TR, 27189, 0, 4,224 1000
FIXED IGN, WT, 65000, 40256, 22571, 0, 3,504 +000
REUSABLE/1 71339, 47770, . 21392, . 0. 3,324 1000
FIXED TGN, WT, 65000, 43847, 18981, 0, 2,947 4000
REUSABLE/?2 55775, 47770, 5832, 5832, 1905 1905
FIXED IGN, WT, __ 65000, 0, 0, 0, .000 1000
REUSABLE/3 45943, 47770, 0. 8018, 1000 17243
FIXED IGN, WT, 65000, ' ' : 0, 000 1000
e e i MISSION, DISIGN, AND PERFORMANCE SENSITIVITIES. — .
EXFENDABLE REUSABLE/1 REUSABLE/?2 REUSABLE/3 :
8P /LD sP/LD aP/LR sP/LD aP/LR aP/LD sP/LR
a18P V142¥03 V16003 000 ,540+02 ,640%02 , 000 1986%02
U1 =y180+02 -, 167405 4000 -356+04 ~, 356404 »000 438404
Y2 +4351404  »,351404 +000 #352404  =2,352404__ ,000 ® 617404
apvi *1 458401 ~,423%01 ,000 “%,903¢00 ~,903+00 ,000 =y111+01
apy2 »1339+00 ~,R99+00 1000 903400  =,903+00 ,000 =)158+01
aW] '110010;- .y 367401 .____1000 -2100.“01 ~,100+014 000 w,137+01
AWP 1615400 «615+00 +003 1168+00 ,168+00 ,000 1230400
aR +000 o571405 e 131%05 - (170405  ,636404. ,802+04  =,301+04
o . ) ON ORBIT VELOCITY = 12000, FPS
MISSION MODE IGNITION WT, PROPELLANT WT,  P/L DELIVERED P/L RETURNED P/L DEL, DEN, P/l RE¥, DEN,
OO '3 SN -1 ) - L8 LB/FT3 LB/FTY
EXPENDABLE 69616, 47770, 19673, 0, 3,054 3000
FIXED IGN, WwT, 65000, 44603, 18223, 0, 2,830 ,000
TTREUSABLEZT T TTTTTTTTE259%, 47770, {2552, [ 17963 5000
FIXED IGN, WT, 65900, 0, . 0. . 0, 000 1000
REUSABLE/2 52932, 47770, 2990, 2990, 464 1464
TTUTTFEIXED TGN W, T85000, T T TRy Ty T T T , 000 ,000
REUSABLE/3 49943, 47770, 0, 3915, ,000 1608
FIXED IGM, WT, 65000, 0, 0, 0, 000 000
- _ - MISSTON, DISTGN, AND PERFORMANCE SENSTTIVITIES
FXFENDABLE REUSABLE/1 REUSABLE/2 REUSABLE/3
e oP/LD apP/LLD aP/LR _AP/LD aP/LR sP/LD  &P/LR e
s ISP 1115403 1140403 ,000 1451402 1451402 1000 1638402
sy1 " 1999+04 ,A98e04 ,000 =,180+04 »,180+04 N00 = 222+04
LY e 3L7H0T T TEVITTROETTTTON0 =y178%04 =,178+04 , 0600 =, 274%0%
8DVl =+307+01 ~y 276401 1000 «,552+00 »,552+00 ,000 683400
anv2 ~,306+00 ~,934+00 000 . =4552+00 -, 552400 ,000 ~,853+00 o B
TUTARDTTTOT T ORVA00401 e, 423%017 17 000 T e, 400%017 T w100%01 7,007 7 T -V 131%01
owp 1 457+0U +437+00 000 1108400 106400 000 1142400
R 1000 ,409+05 #,579%04 1913404 -,283404 1391404 =,121404

g 1ed ‘Il 10A
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Table 6-21 (Cont)

P.ER FORMANELCE SUMMARY

ON ORBIT VELOCITY = 14100, FPS
M1SS{oN MO “IGNTTION WY PROPELLANT WT,” ""F/L DELIVERED P/L RETURNED P/l DEL. DEN, P/L RET, DEN,
LB .8 Ls . ’ ;] LB/FT3 LB/FT3
EXPENDABLE 64224, 47770, 14281, 0y - 2,217 Y000
FIXED IGN, wT, 65000, 0 0. 0, .000 +000
REUS#BLEZYL ... ....5B633, ___ 477720, 5691, 0, ,884 Y000
FIXED TGN, WY, 65000, 0 0, 0, ,000 4,000
REUSABLE/?2 51091, 47770, 1149, 1149, 1178 7198
FJXED 1GN 65000, 0, 0 ,000 000
(W 49945, 47770, 0. 1439. +000 V223
Fl,XED IGN, WT, 65000, 04 ,000 ,000
.A,____WSSIOM msch, _AND PERF ORMANCE SENsmvas ‘
T T T T T RPERORBUE T T T T REUSRBLEY T REUSABLE/?2 REUSABLE/S
sP/LD sP/LD aP/LR 4P/LD aP/LR aP/LD aP/LR
aTSP V9382 130403 VUG , 518+02 315407 000 1441402
: 4U1 567404 », 491404 »000 «, 910403 ~,9{0403 000 w,111404
AUZ  =292404 =,292+404 _ ,000 904403 ~,901403 000 e,123+04
o H\214¥01 T Tg5v 1 /000 — 434300 e 343400 "5 000 %1 420400
sDV2 12682400 ~, 111401 ,000 » 343400 =,343400 000 1467400
ail —.100401. -, 495401 ,000 3400401 ~,100+04 21009 ©125401
WP 1 344+00 1244400 , 000 1095201 69501 , 000 3874w01
aR 1000 1225405 196404 - 1 367404 =, 927403 w144+04 »y364403
ON ORBIT VELOCITY = 16000, FPS
MISSION MODE IGNITION WT, PROPELLANT WT,  p/L DELIVERED P/L RETURNED P/L DEL., DEN, P/l REY, DEN,
e e LB . L8 LB LB L.B/FT3 LB/FT3
EXPENDABLE 60718, 47770, 16775, 0 1,673 %000
FIXED IGN, WT, 65000, 9, 0, 0, 1000 1000
REUSABLE/L 50409, 47770, 461, O 072 1000
FIXED 1GN, WT, 65000, . 0, 1000 .+ 000
_REUSABLE/2 . 50023, 471770, 80, 80, 1012 1082
FIXED IGN,’ WY, 65000, 0, 0, 0. ,000 000
REUSABLE/3 49943, 47770, 0, 97, ,000 Y045
FIXERD 1GN, WT, 65000, 0, 04 0, 000 000
" MISSION, DISIGN. AND PERFORMANCE SENSITIVITIES
FXPENDABLE REUSABLE/L REVSABLE/2 REUSABLE/3
SP/LD . _8P/LD ___aP/LR spP/LD aP/LR aP/1D AP/LR
a]§P 1790402 1129403 »000 7228402 © 22802 .000 v277402
LYV} =1 351+04 291404 1000 503403 =,503403 000 ~, 608403
ay?2 =y 276404 =, 276+04 4000 -, 498403 =,498403 T 4000 608403
advl " 159+0% v, 132404 1000 =,228+400 ®,2208400 . 000 ®, 275400
e B0N2 24267400 _ _ =,126+01 2000 =,228400 _ =,228+00 000 £,278400
aw] 4100401 -4575401 +000 «gd00+01 . »,100e04 «000 #121+01
AWP 1271+00 1271400 1000 1472701 47204 .000 1371201
aR 1000 1219404 .9,125+03 1265403  «,539402 1972402  #,205402

¢ 1xed ‘Il 10A
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" Table 6-22

EVOLUTIONARY STAGE SEQUENCE OF EVENTS AND WEIGHTS FOR SYNCHRONOUS-EQUATORIAL MISSION

(ISp = 322 sec)

LTA MME/N204 SYN EgQ

§YNCHRONOUS EQUATARIAL MISSIUN
INITIAL CONDITICMNS 4100ONM CIRC, 28,3 DEG JNC EARTH ORBIT
TARGET CONDITICNS ~19330NM CIRCs, O DEG INC EARTH ARB]T
FINAL  CONDITICNS

COMMENTS ;
QUTBOUND FLIGRT PROFILE  HOHMANN XFER OPT INCL SPLIT
RETURN FLIGHT PRUFILE . } '
STAY TIME AT TARGET

- PAYLOAD LENGTH 3644 FT . '
PAYLOAD DELt1VERED 70 TARGET © 13956, PaYLOAD DENSITY 030 (B/FT3 BASED ON D4
PAYLOAD REYHRNZD TO FINAL CON 0, PAYLOAD DENSITY ,000 LB/FT3 BASED ON D4
IMPULSE PRQOPELLANT . 47578, RCS PROPELLANT 8,266
WET_INERT We]GHT 2173, MISSION SEQUENCE ...
CONDITIONS EVENT TIME DELTA V. ENGINE WEIGHT DELTA WT IMP PROP
o DYIHR$MIN FPS TYPE LBS LBS REM_LBS
INTTIAL  SPaCE TUG DEPLOY (INCL=28,3) 0t O3 0 63906,7 47878,1
. . : 0, RCS 0
g My ,0 . 63906,7 i 47878, .
: ’ 10,0 -
PHASING ORBIT INJ (INCL=26,1) 0% 0;30,0 ’ 63896,7 ! 47878,1
: 7932, MATIN 34166,9 .
08 N344,2 : 29729,8 (3814,2
‘ . - . 34,0
_ENGINE _POST FLOM . 0f_0141,2 29675,8 ' 13814,2
0. MAIN W0 _ :
0"_”[41.2 2967508 13‘11.2
10,0
XFER CRBIY INJ (INCLa28,1) 0y 71492 296654 13414,2
260, MAIN : 734,3 )
L OO | & B8 1.2 Y- S UUURNDOUTIN 2 - At & XK. 12676,8
. 34,0
MIUCOLRSE + ATTITUDE CONTRCL 0%1f134,5 28877,4 12676,8
34 RCS . . 8,3
0119131,9 28869,2 ] 12676,8
10,0
o SYN EG ING CINCLs0,0) o QIA2 W9 ... .._.28859,2 : 12676,8
SAE5, MATN 12457,3
01191 5,0 16401,9 219,06
. : s 84,0
FLIGHT PERFORMANCE RESERVES 01137'5,0 16347,9 219,86
TARGET 1 . 140y MAIN . 219,6
e e e LA S o . A8220, 3 RN Y

2 11ed ‘II 10A
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Table 6-22 (Cont)

LTA _  MMH/N204 SYN Eg

SPACE TuG WEIT

T SYSTEM BEFTRNIYIUN

TUWETGHT T

GHT AND COST SUMMARY

TTeosT

L8 M$

SOURCE
WEIGHT COSY

PROPULSTOR §YS TR = = -~ 7 e -
ENGINE .
PRESSURIZAYICN. COMPONENTS

721}

0

1) A)

TNTAL

1963,

o START/ COMPONENTS (NUMBER OF STARTS= 0) =~ 7777 Ty T e
VAL,.V7S AND FLUMBING 0,
STRUCTURES 974, 0. 1) 4)
e e dANKS U - N e e e e et s e
FORWARD INTERSTAGE: DUORS, RATKS 0
AFT RACK AND MIBCELLANOUS 0,
INSULATIUN 0,
e GUIDANGE AND CONIwOL . SO 11X SR I 1) a)
T T AND ¢ e e e 180, 0, 12 A)
- REACTION AND GOMTROL SYSTEM . ol B 8. 1) A)
POWER . N L o 180, D, i) A)
TTTTTTTTUBRYTERIES T T T , 0,
WIRE HARNESSES 0y
. J-BOXES AN MISCELLANEOUS o o e B -

2 3ed ‘II oA
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Table 6-23

EVOLUTIONARY STAGE SEQUENCE OF EVENTS AND WEIGHTS FOR INTERPLANETARY MISSION

(I = 322 sec)

+
»

~MMEANZO Do ENT ERPLANET AR Y- - e e e

1962 VIKING M1S8]on
INIT1AL-CONDETHONS: -1 00NM CE1RET 28+3-DEG ~INC- EARTH ORBITr+ o m o e comeeormres ¢ sorm oo om0
TARGET. CONDITICNS TRANS MARS INJECT]ON
FINAL  CONDITICNS

COMMENTS
© QUTHBOUND FLIGWT PROFILE. 10 DaY LAUNCH PER!OD

e RETURN-PLIGMT -PROFILE - ———r-mm= o oee e B e S e e e i
STAY TIME AY TAKGET
PAYLOAD LENGT™ ‘3644 FT
B AL OAD-DEL A VERED—TO- TARGEF——— 1727 67—~ PAYLOAD- DENSTTY——— 010~ LB/FT3————BASED-ON-D4
PAyLOAD RETURNED TO FINAL CON - 0y PAYLOAD DENSITY ,ooo LB/FTS HBASED ON D4
IMPULSE PRQOPELLANT 44524, ch PROPELL.ANT 8,019
o WET INERTWR [GH Y s e 20605 7 0 S | § £:1:3 £ 1] ssouewcaf ‘
CONDITIONS EVFNT TINME DELTA V ENGINE WEIGHT DELTA WT IMP PROP
——e e DY FHA M N oo F PG o e - PP s ey B e e @ e o -REM B8
INITTAL Tue t)hFLOY. FNOM SPACE SHUTTLE 0t 9; ,0 : 63933,2 . 445241
1, RCS 8.0
v et emee 4 et 4 P4 smmmmmmms s o te s teeiremn et t 4 M e i mtmmme tm ama e 0' .(]- :.. -‘i-4~'-. ch e am e e e e e e e e P 63925' 1. et e e e o ‘452‘_‘1_._
11,0
TRAr\s.rms INJECTION : 0t 0130,4 63914,1 44824,1
e e it e et e o e ot i et et a s bnnni s s ""“"""“"""""%2?501"""' A".AIN,.;_.._,_WA,_-“.A.__._....4.,.»»_--...N..,A44.298_..7.___-.‘-—--———--——
] 01 0145,0 19615,5 228,4
_ . 54,0
. O F'.l(lH‘ pERFOaMANcE RESERVE - 0' 0145' OA_ e e e e e . Mermamaen o e - 19561..‘,5%-‘.4.,...“.._._........ ..._..422574.__..
TARGET 1 : ) 120, MAIN : 225,4
0t 0145,1 19336, a.o

2 3ed °‘II oA
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Table 6-23 (Cont)

IETARY
NETATEY

e e Pl MR AN 29 4——— L NTERP AN

SPACE TUS WEIGHT aND

COST SUMMARY

SYSTEM DEFINITION - . WEIGHT cost SOURCE
L8 "s WEIGWT COST
PROPULSION SYSTEN K e21, 0, 1) )
- PRESSUR [ LA T-HON-G OMPONENTS - — — oy -
START COMPONENTS (NUMBER OF STARTS= 0) 0,

VALVES AND PLUMBING 0, .
STRUCTURES ' ' : 974, 8, 1) &)
“—“‘-‘—"TﬂN s__.,_ S ST T —

FORWARD INYERS"AGE. DOORS. RACKS a,

AFT RACK AND MISCELLANOUS 0,

e e NS YA TGN e e -

N

~~GUEDANGE- AND -CONTROL -+ o me et o e e 4 93 -— D D RN § P
¥ T AN 70 v ) PR
----- REAGCT1ON-- AND -CONTHOL--SYSTEM S S - 04 1) A
- ROWER e 92, 0y P —

 BATTERIES 0,

WIRE HARNESSES 0,
e oo J@BOXES: AND - MEECELLANEQUS -~ wrv mrme e e i st e e e e ¢ e e -

0.

SR . TOTAL .. 3850

g 3xed °‘II JoA
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Table 6-24

EVOLUTIONARY STAGE SEQUENCE OF EVENTS AND WEIGHTS FOR LOW-EARTH-ORBIT MISSION
: (I... = 322 sec)
sp

LTA MMH/N204 SUN SYNC

SUN SYNCHRONOUS MISSICN _ ,
L INITIAL CONDITIONS 30ONM CIRC, 90,0 DEG INC EARTH ORBIT

TARGET CONDITIONS TARGET 1~ 609N4 CIR, 99,884 DEG INE TARGET 2- 400NM CiR, 98,262 DG INC
FINAL CONDITIONS 100 NM CIRC 98,262 DEG INCL :

COMMENTS
OUTBOUND FLIGHT PROFILE  HOH:ANN XSFER OPT INC SPLIT
RETURN FLTGHY PROFTLE HOHMANN TRANSFER
STAY TIME AT TARGET 1,3 REV ®=-- 29DAYS
PAYLOAD LENGTH 36,4 FT
PAYLOAD DEL.IVERED TO TARGET LLIER PAYLGAD DENSTTY 3069 [B/FT3 BASED ON D4
PAYLOAD RETURMED TO FINAL CON- 9695, PAYLOAD DENSITY 1,505 LB/FT3 BASED ON D4
___IMPULSE PROPELLANT. 16183, RCS PROPELLANT 63,939 .
WET INERT WEIGHT 2345, MISSTON SEQUENCE
_ CONDITIONS EVENT . TIME DELTA V ENGINE WEIGHT - DELTA WT iMP PROP
T DYTHRIWIN FPS TYPE LBS (BS REM_LBS
INITIAL  SPACE TUG DEPLOY, (IMNCL® 90,0) 0t 0% ,0 ) s 38359,6 16183,1
. 0, RC .0
T . oy 0 T, e T : 38359,5 161831
: . . 9.0 :
XSFER CREIT INJ (INCLZ 93,104) 0t 0:30.0 38350,6 16383 ,4
1€373, VA TN : 5588.5 B .
0! 0:31,8 . 32762,1 10594,6
: 54.0
MTDCAURSE + ATTITUDE CONTROL™™ "0t 0156.6 327081 “{0594,6
i 7. RCS 23.7 R
Dt 0:57,9 32684,4 10594.6
5.0
© INJ 60ONM CIR ORR (1nC=99.884) pi 1121,9 ' 32675,4 . 10594,6
. 2895, . MAIN 7957.2 -
) 0t 1:124,5 24718,2 5 2637,4
4.0
FLIGHT PERFORMANCE RESERVE oe 1:24,5 | 24664,2 ) 2637,4
TARGET 1 } i5, MATN i67.0 ]
_ 01 1:24,6 24557,2 : 2530,5
) : : 9703.7
¥SFER CRBIT TNJ (TnCL = 99.04) 01 3742.1 : ] {48535 2530,5
. - . 465, -MATM ) 649.7 )
0t 3:42,3 . 14203,8 v 18680,8
q. N -
MIDCOURSE + ATTITUNE CONTRGL 0t 41 9,0 14149,8 ' 1880,8
) 5. RCS 7.5
gi 419,4 R 1442, 3 T T T RA0L, B
. : ) . ' - - 9.0
INJ 40ONM CIR ORR (1+€=98,262) 01 4:34,4 14133,3 1860,8
— 45¢6, MATN 8070
) 0t 4134,6 _ 13526,3 56 o 1273.8
T T T B T GH Y  PERFORMENCE RESERVE 61473476 ; : 13472, 3 T T T TTL2I3VE T
TARGET 2 : 9, MAIN 11.7 . .
. 0i 4:134,6 : 13460,6 1262,1
) : 9.0
XSFER CRBIT INJ (INCL® 98,262)291 4134,6 13451,6 ) 1262,1
- 504, MAIN 636.6 ...
- 297 4VIATN T R L Y B Y- -

g 1xed ‘II I0A
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: : 54,0

MIDCOURSE + ATTTTURE CONTRGL 2971 4758.,7 B i2781,0 : 625, 5
. 27, RCS , 32,7

— 291 51 .S . 12728,3 . 625,5
.0

INJ 100NM CIR ORB (IMC=9D.262)291 5:23,5 12719,3 625,5
514, MAIN - . 613,8

251 5237 N 12905,5 . {1,4

' , : 54.0 .

i » FLI1GHT PERFORMANCE RESERVE 29t 5:23,7 o ... 12051,5 11,6
TFINALT ) 10, METN™ T 1178

291 $123.7 12039,8 0
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Table 6-24 (Cont)

LTA  MMH/N204 SUN SYRC

SPACE TUG WEIGHT AND COST SUMMARY

SYSTEM DEFINITION ) WEIGHT coST _ SOURCE
LB M3 WEIGHT COST
PROPULSION SYSTEM . ) 421, ) 0, 1) A)
ENGINE . 0
PRESSURTZATION COMPONENTS . . 0
START COMPONENTS (NUMBER OF STaRTSs 0) 0,
VALVES AND PLUMBING ‘ D
STRUCTURES . 974, , - : oM
TANKS ) ] O"“ - " - SRRttt e v " -
FORWARD INTERSTAGE: DOORS: RACKS G,
AFT RACK AND MISCELLANOUS . Ds o
INSUCATION : By T
GUIDANCE aND CONTROL B 1 7 « A M % A
- . R
T TTANDTT } . 190, o, 1) &7
REACTION AND CONTROL SYSTEM 0. [+ DA I § B
¥
POWER™ 60 — SE— o -
BATTERIES , A
o WIRE HARNESSES _ . s e et
J-BOXES AND MISCELLANEOUS ) 0 ,
TOTAL 2139, B Mt T

Z 3xed °II IOA
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6.4 PARAMETRIC PERFORMANCE CAPABILITY

For preliminary planning purposes, Fig. 6-8 provides curves of AV versus payload
capability for the four Agena space tug point designs which serve to illustrate the areas
of potential mission compatibility. Payload weights for ignition weights equal to or less
than 65, 000 pounds are shown, along with capability reflecting no ignition weight con-
straint. The larger ignition weight cases could be used to reflect capability where the
Agena space tug and the payload are transported to orbit in separate space shuttle flights.

6-68
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PAYLOAD WEIGHT~ LBS X 10

3°° I N B B E—
== — IGNITION WEIGHT UNCONSTRAINED

\ ————— IGNITION WEIGHT= 65000 LBS

100 5&

I’

. EVOLUTIONARY AGENA

Igp = 322,0 SEC

\ Isp = 310.0 SEC
10 \\ - R <
NC x\ RN,
AGENA SPACE TUG J

- Igp = 310.0 SEC _/ h AN \

- lsp =310 N RN

- 1gp = 290,8 SEC - AN . N
i ~N
. | 1 N N

2 3 6 8 10 12 14 1§ 18 2 2 24 2% 28

AVELOCITY~ FPS X 10°°

Fig. 6-8 Agena Space Tug Performance Capability
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Section 7
AGENA TUG SAFETY ASSESSMENT

/ .
It is recognized that in the Agena tug development maximum consideration must be’

given to shuttle crew and passenger safety. Adequate safety can be assured only by
selecting those design approaches and operational procedures that minimiz‘e'potvential
credible accidents. As part of the Shuttle/Agena Study, a safety analysis and assess-
ment was performed to identify possible hazards and substémtiate the belief that a
minimum risk operation can be achieved on shuttle flights involving the Agena space

tug.
7.1 SAFETY REQUIREMENTS AND GUIDELINES

The guidelines and safety criteria enumerated here were obtained from NASA MSC in

order to interpret the meaning qf "man-rating" with respect to the space tug concept.

Man-rating can be defined as the method that assures that manned systems have met
the requirements established for safety and man-machine relationships so that the
system/hardware can be officially certified as suitable for man's use. Within the
scope of this s'tudy the tug remains an unmanned vehicle, which is launched by a
manned vehicle and operates at times in relative proximity to man. Thus the tug
must be man-rated to the extent that it does not violate any shuttle man-rating re-
quirements.

The unmanned tug mission (launched in shuttle orbiter cargo bay) requires manned
interfaces during ground handling outside and inside the launch vehicle; preservation
of a passive role during launch; capability of EOS-commanded che;:k, unloading,
activation, separation, rendezvous, docking/on-loading, safety preparations, and

deactivation; preservation of a passive role during reentry and landing; and capability

LOCKHEED MISSILES & SPACE COMPANY
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of being approached, passivated, and inspected for post-flight status. Potential
personnel emergencies caused by the tug could occur at any time on the ground, inside

the EOS cargo bay, and in free flight near the EOS.

The following preliminary safety criteria have been established for evaluating tug

operations within the manned shuttle environment:

a. The tug, either in an active or a dormant state, shall not degrade
the safety of the space shuttle nor violate estabhshed shuttle safety
levels and requirements.

b. Catastrophic and critical hazards shall be eliminated, reduced to
controlled hazards, or identified as residual hazards with a rationale

provided.

c. For those hazards that may result in time-critical emergencies (an
emergency which must be detected and corrective acticn initiated for
within 5 minutes or less to prevent failure of a critical function) pro-
visions shall be made for automatic switching to a safe mode and to
display caution and warning to shuttle personnel. '

d. The tug shall provide the capability of being rendered safe in the event
. of an abort. This will include pyrotechnic disarmament and fluid
jettisoning. '
e. The ttig shall provide such information to the shuttle as is necessary,
in its status as a payload, to ensure safe shuttle operation.

f. Tug elements containing hazardous materials or devices shall have
self-contained protective provisions against all hazards.

g. All tug subsystems except primary structure and pressure vessels
shall be designed to fail safe for crew survival after any single failure.

h. All tug subsystems inco'rporat:ing redundancies shall include a2 means
of verifying satisfactory operations of each redundant path.

i.” Where practicable, shuttle design safety factors shall be used to
establish tug design pressures and loads. Areas not meeting this
criteria shall be identified and rationale provided.

j. Inadvertent activation of critical tug systems, either active or dor-
mant, shall be inhibited by design of systems and/or protective devices.

The objective of the saféty criteria is to assure the compatible application of an un-

manned tug space vehicle in a manned vehicle environment.

7-2

LOCKHEED MISSILES & SPACE COMPANY



LMSC-D152635
Vol 11, Part 2

To ensure safety of the orbiter/Agena combination the following specific requirements

were established as guidelines for the Agena space tug design.

7.1.1 Structural Integrity

The Agena structural integrity shall provide a safety factor (of 1.5) gor all loading
conditions that will occur when the Agena is mounted in the orbiter cargo bay. The
counditions shall include propellant tanks empty and propellant tanks full but unpres-

surized.

7.1.2 Loading of Hazardous Materials

Propellants, high-pressure gases, and explosive devices shall be loaded in or on the
Agena and absence of leaks shall be established before the Agena is mated to the shuttle

orbiter,

7.1.3 Pyrotechnic Devices "

All pyrotechnic devices shall be properly protected to prevent actuation from electro-
magnetic and electrostatic sources. All electrical wiring shall be adequately shielded
and all components grounded. A pyrotechnic device in the shuttle bay shall be activated
only by deliberate, intended action on the part of the shuttle crew. EMI Cohtrol
Plan 1420793, with appropriate modifications, shall be observed.

7.1.4 Propellant Dump

Provisions shall be made for safe dumping of Agena propellants, within 15 minutes
of initiation, while the Agena is in the cargo bay of a shuttle in orbit.

7.1.5 Agena Jettison Provisions

Provision shall be made for jettisoning the Agena/payload as a backup safety measure

when the shuttle is outside the earth's atmosphere.

7-3
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7.1.6 Safety Instrumentation

Instrumentation shall be provided in the Agena and the shuttle cargo bay, as appropriate,
to monitor pressures of stored gases, cargo bay temperature, pressures and tempera-

tures of propellants, and to defect propellant leaks.

7.1.7 Payload Separation

The separation distance required between the shuttle and the Agena prior to Agena main
engine startup shall be determined on the basis of shuttle safety criteria and contamina-

tion constraints.

7.2 HAZARD IDENTIFICATION AND ANALYSIS

7.2.1 Hazard Identification

The principal hazards of concern in the use of an Agena vehicle as a payload in the
orbiter cargo bay are those related to the presence of (1) high—preésure gas storage
containers; (2) large quantities of high-energy, toxic, hypergolic propellants; and

(3) pyrotechnic devices. Operations that may be hazardous if not properly planned

and executed were examined and the potential hazards are identified in Table 7-1. The
major hazards are those associated with the use of unsymmetrical dimethyl-hydrazine
(UDMH) as fuel and inhibited réd fuming nitric acid (IRFNA) as oxidizer.

UDMH vapor inhalation is most dangerous, although this fuel can also be absorbed into
the body through the skin and by ingestion. The effects of UDMH are severe irritation
of mucous membranes of eyes, respiratory passages, and lungs; stimulation of the
central nervous system resulting in convulsions; irritation of the gastro-intestinal
tract, nausea; and emesis. In sufficient quantities, inhalation of UDMH can cause

direct destruction of red blood cells.

LOCKHEED MISSILES & SPACE COMPANY
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Table 7-1

AGENA SPACE TUG HAZARD IDENTIFICATION

Operation

Hazard -

Remarks

Load propellants, gases, and pyrotechnics

Bulkhead rupture; propellant spills or leakage

Normal O/F Tank Pressure differential must be maintained

Ground Handling and Transport Options:

a. From vertical, tanked, to horizontal
mating with shuttle and then move to
pad.

b. From horizontal, empty, to horizontal
mating with the shuttle, followed by
tanking and then transport to pad.

c. Mate to shuttle and transpert to pad
with empty tanks.

a. and b.: Improper design, handling, accel-
erations, supports, and load distribution
could result in propellant leaks or tank rupture

c¢: None

Propellant temperatures must be controlled and monitored
to avoid need for venting.

Handling procedures, safeguards, and emergency counter-
measures must be developed.

|
|

On-Pad — Prelaunch
Systems Check

Propellant Emergency Dump

Propellant leaks, high-pressurization gas tank
rupture, activation of propellant dump

Improper fill, pyro installation or ha{lndling, or systems
checks could result in tank rupture, leaks, or dump. Design
and procedures must be carefully controlled.

High-pressure gas bottle design Ioad margins should meet
shuttle requirement.

Electrical grounding must be provided through the shuttle
to earth ground.

Provisions must be made for emergency dump and disposal
of propellants.

Shuttle Ascent and Orbit

Tank Pressurization:

Bulkhead Reversal
Tank Rupture

Propellant Leaks -
Agena Structural Support:

Excessive Deflections and Tank Stresses
Structural Failure

O, Concentration in Cargo Bay

Propellant temperature/pressure must be controlled to avoid
venting or tank rupture.

|
'

Pyrotechnics must be safed.
Orbiter cargo bay must be vented.

Agena structural supports must be des1gned to transfer all
loads without excessive stresses or deflections.

Oxygen gas from the orbiter may contribute to an explosion
if allowed to concentrate in the cargo bay — explosive in the
presence of hydraulic fluid carried by Agena.

|
!
i
[

{
!
E
|
|
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Table 7-1 (cont)

Operation

Hazard

Remarks

Mission Abort

Dump system failure
Tanks ruptured on hard landing

Agena propellants should be dumped prior to landing. Pro-
pellants must not be joined in hypergolic mixtures. Oxidizer
flow should start before fuel. Dump lines should be at the
same longitudinal station and separated laterally as far as
practical. Harmless flashes will probably occur on simulta-

neous O/F dump in atmosphere. Dump rate must be increased

over standard Agena. Propellants must be settled in the tanks
during dump.

High-pressure gas bottle design load margins should meet
shuttle requirements.

Agena Deployment and Post-Deployment

Presence of immobile Agena, with propellant
dump lines disconnected, following failure of
deployment mechanism, or physical jamming
of Agena/payload in the cargo bay

Collision during separation
Rocket exhaust impingement on Shuttle

Collision following loss of control of Agena
after main engine ignition

Deployment failure might create a situation where all options
such as re-securing Agena, propellant dump, Agena jettison,
and cargo bay door closing were removed.

Improper deployment provisions and procedures may result
in collision.

|
Inadequate separation between Agena and shuttle at time of
Agena engine ignition could result in 1mp1ngement of exhaust
products on the shuttle and in structural damage.

Loss of Agena attitude control following main engine ignition
could result in collision with the Shuttle.

Agena-Shuttle Rendezvous

Collision

|
Collision may result from improper tra]ectory or from space-

craft tumbling. ’
Main tank propellants may be dumped prior to rendezvous.
Agena must provide attitude stabilization.

|
Spent Agena left in earth orbit constitutes a subsequent hazard
of collision.

LMSC-D152635
Vol 11, Part 2
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IRFNA (both liquid and vapor) is highly toxic in high concentrations, Breathing the
vapor may cause severe damage to the nose, throat, respiratory passages, and lungs.
In contact with the skin or eyes, nitric acid causes severe burning; in the case of the
eyes, possible destruction of the eye tissues can occur, with subsequent blindness.
IRFNA also vigorously attacks most metal and organic materials and in concentrated
form may cause spontaneous ignition and vigorous burning when in contact with. organic

materials.
Liquid IRFNA is hypergolic when combined with liquid UDMH.

Most of these hazards are associated with the presence of high-pressure.gases and
hypergolic propellants; they can be adequately handled through adaptation of existing

Agena procedures.

7.2.2 Agena Safety History : ,

Procedures for the safe storage, transfer, handling, and use of the propellants used
in the Agena vehicle have been well developed and demonstrated over a period of
12 years, in'which over 300 vehicles were launched. These procedures can be adapted
to use of the Agena in the shuttle with complete confidence that safety for ground and

" flight crews has been provided.-

As an indication of the confidence that can be placed on the integrity of the Agena pro-
pellant system, detailed records of propellant leaks show the following:
‘a. At the Western Test Range, 194 Agenas have been launched since 1962
with no vehicle leaks. No ground support equipment (GSE) leaks have

occurred since 1969, and leaks prior to that date were minor or negli-
gible. (Records are not available for launches prior to 1962.)

b. At the Eastern Test Range, 42 Agenas have been launched with no vehicle
leaks. No GSE leaks have occurred since 1962.

c. At Lockheed's Santa Cruz Test Base, 34 Agenas have been hot-fired
with no vehicle leaks. Records of GSE leaks are not available.
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Of the more than 300 Agena flights using hypergolic propellants, three have provided
experience relating to Agena reliability, safety, handling, and operational considera-

tions for the space tug application.

In the first experience (1960-61), a fire in the aft rack was attributed to fuel leaking
from the bellows during ascent.. The fuel burned with air after an electrical short
ignited the mixture. This type of fire could result with anv fuel — hypergolic or not.
As a consequence of this experience, propellant sniffers have been installed to detect

propellant vapors in the booster adapter prior to liftoff.

In the second experience (1961-62), a failure occurred in which both.propellants were
simultaneously dumped onto the engine nozzle for approximately 1, 000 seconds, pro-
ducing high torque from a resultant reaction. In vacuum, sequeintial separation of
dumped propellants is employed. In all dumping operations, the oxidizer dumping is
normally started first. Delaying initiation of fuel dumping prevents simultaneous
liquid dumping and keeps vehicle torques well within the capabilify of the pneumatic

attitude control system.

Ground tests in 1962 (dump vent simulation tests) demonstrated that no explosive char-
acteristics or violent reactions occur when the propellants are injected into an evacuated
closed chamber at low flow rates. On the basis of these tests, on subsequent missions
the propellants were simultaneously vented to vacuum with exits approximately '5 inches
apart. No deleterious torques (reactions) have been experienced during these vent oper-

ations or during missions in which propellants are dumped after final burn.
In the third experience, during Gemini ﬂights, astronauts handled, operated, and in-
spected the Agenas in orbit with pressurized propellant aboard. These preliminary tug

studies indicate that no major changes to the Agena need be considered because of the

‘use of hypergolic propellants.
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7.2.3 Single-Point Failure Analysis .

Single-point failure analysis on the ascent Agena, reported in L_MSC-A972281, * dated
July 21, 1970, reveals no single-point failure mode of concern to manned safety of the

Agena configuration as .adapted to use in the space shuttie.

A single-point failure analysis of shuttle/Agena interface items reveals the need for

attention in the following areas:

a. The Agena support/constraint system must be designed for release only -
after separate actions to unground the release circuit, arm the release
circuit, and initiate the release command. '

b. The Agena/shuttle interface disconnects for electrical power, status and
command hardlines, and propellant emergency dump lines should be de-
signed for release after separate actions to unground the disconnect cir-
cuit, arm the disconnect circuit, and initiate the disconnect command.
The most critical requirement is assurance that propellant lines could
not be disconnected during an emergency dump.

It is further r'écomnietide_d that manual backup be provided for all Agena/shuttle inter-

face and support/constraint connect and disconnect functions.

7.2.4 Hazard Analysis Results

An analysis of the hazards identified in Table 7-1 resulted in the following recommended

actions:

a. Check all design load margins to ensure compatibility with Agena man-
rating requirements. .

b. Provide for emergency propellant dump at any time between shuttle liftoff
from the pad and departure from orbit for reentry. Propellant dump should
be accomplished in 15 minutes or less, to ensure empty tanks prior to shut-
tle orbiter landing.

c. Delay engine firing until the Agena has been separated a distance of 1/2 mile
or more from the shuttle. \

*Reliability Analysis Report for Detail Design Review Program 711 Stage III Vehicle,
Contract F04701-69-C-0338
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d. Purge the orbiter cargo bay from time of installation of Agena until
launch, to prevent concentration of gases in the event of shuttle or
Agena propellant leaks.

e. Provide instrumentation to read stored gas pressure, propellant tank
pressures and temperatures, differential pressure between oxidizer
and fuel tanks, shuttle bay temperature, and presence of oxidizer or
fuel in the cargo bay and in dump lines.

7.3 SAFETY ENHANCEMENT
The shuttle-Agena space tug mission safety can be enhanced by eliminating certain
design and/or procedural deficiencies that could lead to the hazard conditions pre-

viously described.

7.3.1 Recommended Modifications for Agena Safety

The following modifications and additions to the basic Ageha v'ehiéle are suggested:

a. Modify the propellant fill coupling poppet valves to be normally open
when connected to the shuttle emergency propellant dump lines.

b. Provide an oxidizer tank pressure relief valve, activated by differential
pressure between oxidizer tank and fuel tank, to maintain oxidizer tank
pressure equal to or below that in the fuel tank. Connect the relief
valve outlet to the vehicle oxidizer fill line. This installation is illus-
trated in Fig. 7-1.

c. Provide a valve in the vent port line connected to the oxidizer propellant
isolation valve as indicated in Fig. 7-1. This valve remains closed at
all times until after Agena deployment from the shuttle in orbit and pre-
vents vented oxidizer from entering the shuttle cargo bay. The valve is
opened prior to initiation of Agena engine first start and remains open
thereafter.

d. Install pressure transducers to measure oxidizer and fuel storage tank
pressures. '

e. Install temperature pickups on the exterior skin of fuel and oxidizer
tanks.
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7.3.2 Recommended Procedural Constraints for Agena Tug Safety

It is suggested that the following system configurations be adopted in the procedures
~ that will govern Agena operations during the period from propellant loading until Agena

deployment on orbit.

The change in Agena configuration with each operation may be understood by referring
to Fig. 7-1.

a. Load Propellants

Post-burn dump valves closed

Oxidizef vent port line shutoff valve closed
Fuel fill connected and open

Fuel PIV (propellant isolation valve) open
Fuel vent connected and open

Oxidizer fill connected and open

Oxidizer PIV open

Oxidizer vent connected and open

b. Propellants Loaded

Fuel PIV closed

Fuel fill disconnected after line drained and purged; poppet valve
closed by disconnect ‘

Fuel vent disconnected and poppet closed
Oxidizer PIV closed

Oxidizer fill disconnected after line drained and purged; poppet valve
closed by disconnect

Oxidizer vent disconnected and poppet closed

(Transport to Shuttle in Configuration 2)

c¢. Mate to Shuttle

Same as Configuration 2 except:
Oxidizer fill connected to oxidizer dump line at Shuttle interface
‘Fuel fill connected to fuel dump line at Shuttle interface

(Deploy From Shuttle in Configuration 2)

d. Pre-Agena Propulsion Burn

(Configuration 2, exéept open oxidizer vent port line shutoff valve)
7-14

LOCKHEED MISSILES & SPACE COMPANY



LMSC-D152635
Vol 11, Part 2

7.4 SAFETY INSTRUMENTATION

Safety instrumentation associated with transporf of an Agena in the cargo bay of a
space shuttle should provide information concerning the hazards of fire, explosion,

and contamination. The following parameters are among those to be monitored:

Pressure in Gas Storage Tanks

Pressures and Temperatures in Propellant Tanks
Differential Pressure Between Stored Fuel and Oxidizer
Temperature in the Shuttle Cargo Bay

Detection of Fuel or Oxidizer Leaked Into the Shuttle Cargo Bay or
Emergency Dump Lines

L

Table 7-2 presents a list of instruments recommended, and includes sensor location,
instrument range; acceptable readings, and action required if instrument reading is
out of range. These instruments are discussed in the following paragraphs.

Pressures of stofed fuel and oxidizer can be monitored by use of instruments fhat have
been flight proven on the Agena. These instruments are optional on current Agena
flights. The propellént pressures should be monitored to ensure that operating limits
are not exceeded. If "preSsures are excessive, they must be reduced by lowering pro-
pellant temperatures or by propellant dump. Oxidizer pressure may also be lowered

by venting.

New instrumentation will be required to measure propellant temperatures. The sensors
may be attached to the external skin of fuel and oxidizer tanks as illustrated in Fig. 7-1.
Monitoring of temperatures, when correlated with pressures, will help to establish
whether a pressure rise is caused by heating or by a pressurization system leak, and

thus help determine whether cooling, venting, or dumping is required.

The measurement of differential pressure between fuel and oxidizer tanks is important
in ensuring that the common bulkhead is not damaged by reversal. If oxidizer pressure
exceeds fuel pressure at any time, oxidizer must be cooled, vented, or dumped to re-
store the desired pressure _differential. Venting can be accomplished automatically

through the proposed differential pressure oxidizer relief valve.
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Table 7

-2

SAFETY INSTRUME NTATI ON

: : INSTRUMENT| ACCEPT. ACTION REQUIRED IF READING
Y
MEASUREMENT LOCATION RANGE | READINGS OUT OF RANGE
Fuel Tank Pressure In pressurization 0 to 100 psi |0 to.46 psi Reduce Fuel Temperature or Dump.
' control valve -
Oxidizer Tank Pressure In pressurization 0 to 100 psi {0 to 46 psi Reduce Oxidizer Temperature, Vent, or]
control valve Dump.

Fuel Tank Temperature Exterior Tank Skin |30° to 90°F |<75°F Reduce Fuel Temperature or Dump.
Oxidizer Tank Temperature| Exterior Tank Skin [30° to 90°F | <75°F 5:%"3;}?’“ dizer Temperature, Vent
Oxidizer Fuel Differential |Between Oxidizer and|+10 psi Fuel Minus

Pressure

Fuel Vent Lines

|Cool, Vent, or Dump Oxidizer. '
Oxidizer = 0 psi ' :

Cargo Bay Temperature

Shuttle Cargo Bay

TBD

TBD

TBD

Presence of Fuel
or Oxidizer

Shuttle Cargo Bay
and Propellant
Dump Lines

TBD

Negative

Assess leak rate and, if out of accept-
able range, either deploy Agena or
dump propellant, as appropriate.

He Tank Pressure

He Control Valve

0 to 4, 000 psi

2, 880 psi

Cool or Vent.

N2 Tank Pressure

N, Control Valve

0 to 4,000 psi

2, 880 psi

Cool or Vent;
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The measurement of temperature in the shuttle cargo bay is useful in anticipating and
avoiding temperature changes in the Agena propellants. The number and locations of

temperature pickups required is a subject for further study.

Instrumentation to detect the presence of fuel or oxidizer that has leaked into the shuttle
cargo bay may be divided into two categories:
a. Leakage detection while Agena is in the shuttle cargo bay during

preparation for launch and while a sensible atmosphere remains in
the bay during ascent

b. Leakage detection on orbit with the shuttle cargo bay evacuated

Leakage detection for the first category can be achieved with the use of sensors similar
in general character to a mass spéctrometer but of much smaller size and simpler
operational principal. Sepafate sensors will Abe required for the UDMH and the IRFNA.
This type of sensor is available from Amefican Systems, Incorporated, and from Leeds
and Northrup Company. The System cdqld function during prelaunch and ascent by sam-
pling the cargo cdmpartmenf purging gas as it is vented through an opening in the cargo

door.

Leakage detection while in orbit will be more difficult, since the cargo bay doors will
be open and the bay evacuated. Further study is required to devise satisfactory instru-
mentation for the condition, but catalyst cartridges in the Vicinity of points of potential
leakage have been suggested. It may also be possible to show that a leak big enough to
present a potential hazard can be detected by monitoring tank temperature and pressure
and calculating any change in mass of propellant contained. If catalyst cartridges are
used, a total of four should be adequate. This would include one each for oxidizer and
fuel mounted in the Agena aft rack adjacent to the propellant isolation valves andla simi-
lar pair mounted in the Agena forward rack adjacent to the helium control valve and

differential pressure vent valve.

In addition to the leak detectors discussed above, sensors should be included in the
shuttle emergency propellant dump lines to detect any leakage across the propellant
isolation valves.
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7.5 RECOMMENDATIONS FOR FURTHER STUDY

Agena tug safety analyses conducted during the study revealed the need for additional

work when resources become available. It is recommended that the following items be

given consideration:

a. Study space shuttle abort under all conditions to establish acceptable
Agena propellant dump time requirements.

b. Extend analysis of simultaneous dump of Agena oxidizer and fuel to
confirm- acceptability under abort dump flow rates.

c. Perform a detailed hazards analysis of Agena and shuttle/Agena
interface with the modifications, additions, and operations recom-
mended as a result of the current study. Work from a detailed se-
quence of events, starting with loading of propellants and other haz-
ardous materials and ending with deployment and spacing in orbit,
and perform a comprehensive safety analysis of each event and con-
figuration. :

d. Study means for accurate detection of propellant leaks in the shuttle
bay and in emergency dump lines at all times, from mate to deploy- .
ment of the Agena, and for determining the rate of any such leak.

7-18

LOCKHEED MISSILES & SPACE COMPANY



LMSC-D152635
Vol II, Part-2

Section 8
COST ANALYSIS



LMSC-D152635
Vol. II, Part 2

Section .8
COST ANALYSIS

To complete analysis of the Agena space-tug, cost estimates were derived for the
various - reference Agena tdg ¢6nfigura’tions developed during the course of the study.
The results of Lockheed's cost analysis.are presented in this section., First, the
guidelines and assumptions used in formulating the Agena tug cost estimates are
enumeraﬁed; these'afe of cfi_tiéal importance to the proper understanding and inter-
préfation of the costé, Next, the 'cos'ting methodology is reviewed, and the work
breakdown structure (WBS) used .in the étudy is presented.  With this background
information established, results of ;thfee specific areas of the cost anélysis follow;
the firstis costs for the base.line'Agena space tug, then for the evolutionary Agena tug,
and finally for the 30—dayﬁlpw earth orbit Version of the baseline Agena tug.

8.1 GUIDELINES AND A.SSUMI.DTION‘AS

The costs presented in this section are entirely contingent on the guidelines and
assumptions enumerated here. Any changes can be expected to alter the results

significantly.

The following general guidelines were observed in the cost analysis:

a. Allcosts were expressed in constant year dollars and all rates were
typical current year (1971-72) values.

b. Unit recurring costs quoted were average values for the specified pro-
duction rates. Theoretical first unit costs and learning effects were
excluded, because production rate variations have a greater influence
than has learning on the cost of a mature space vehicle such as Agena.
(The first Agena production unit was manufactured before 1960.)
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Important programmatic assumptions made in deriving the Agena space tug costs

were as follows:

a. A production rate of six per year over a program duration of 12 years
was assumed in deriving the unit-costs. Higher launch rates, such as
might be anticipated in a full-scale space shuttle program, will reduce
the quoted costs. Rate effects on production are considered in the analysis.

b. It was assumed that the Agenas will be purchased by NASA directly from
LMSC. No dual-agency program management, such as was experienced
on the Gemini~-Agena program would be 1ncorporated on the Agena‘space
tug. .

c. The baseline Agena tug configuration for costing purposes was an ascent
vehicle only; integrated-spacecraft versions were considered separately.

d. The development program for the Agena space tug was assumed to include
"~ one flight test; consequently, costs for one flight test article and its asso-
ciated operations were included. However, no charge was made for the
use of the space shuttle during this flight test.

e. Ground test operations were cons1dered to require one equivalent vehicle
plus a partial set of component/subsystems test hardware.

f. It was assumed that six sets of shuttle interface equipment to accommodate
the Agena space tug would be purchased; five of these would be for flight
purposes and one set would be used as backup.

Important cost elements included in the Agena tug costs were as follows:

a. Services and software that are mission peculiar; that is, those services
that enable the Agena space tug to fly a particular mission with a partic-
ular payload (Such services would include guidance software, documen-
tation, and mission plans.)

b. Launch costs for the Agena; that is, the costs of sustaining the Agena launch
crew, and any facilities and GSE required to support Agena operations only
Specific cost elements omitted from these estimates included the following:

a. Prime contractor fee (however, .subcontractor fee was included.)

b. Government costs for program management, mission control, and tracking
network operations’

c. Space shuttle launch operations
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8.2 METHODOLOGY .

The methodology used to derive Agena.tug costs was a bottom-up approach, featuring

extensive cross reference to Agena historical cost data.

The first step in the analysis was to build a. hardware-end-item-oriented Work Break-
down Structure (WBS) that could serve as a framework for the collection and indéntured
summation of costs. The WBS that was generated for this study (Fig. 8-1) conforms to
the general format requirements and the numerical indexing plan presented in NASA Data
Requirement Description MF002M''Document, Project Costand Schedule Estimates, Phase
. B," dated24 April 1969. This WBS is structured for six levels of cosf;ing (designated as
Levels 2 through 7 in MF002M, because Level 1 is reserved for NASA use). Special
effort was made to keep the Agena tug ‘WBS structure format compatible with the WBS
used in the Gemini Agena Cost, Schedule and Technical Characteristics Study, a
principal source of cost data for the Agena tug cost analysis. Some of the Agena tug
WBS entries whose meaning may not be immediately evident are as follows:

a. Subsystems Installation and Checkout: This entry comprises final assembly’
and acceptance test.

b. Logistics: This entry includes spares, transportation, propellants, and
Togistics services. '

c. Support: This item collects miscellaneous charges for travel, reproduction,
computer, personnel allowances, etc.

This WBS was used as a framework for eStiniating input data — in the form of labor
hours (by classification) as well as material and subcontract costs — for all the WBS
items at the lowest levels of indenture. For hardware items this lowest WBS indenture

was often Level 7 (component level).

Next, the bottom level entries were keypunched and supplied as inputs to LMSC's
computer program DBANK. The DBANK program then performed calculations to
convert the elements of cost to dollar costs (by WBS entry), using current rates and
applicable ratios,. such as the ratio of quality assurance to manufacturing and test
planning to test operations. The logic of the DBANK program next summed the costs
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upward by levels to produce summary level totals for the Agena tug program. The
costs were estimated not only by WBS entry but by program phase, i.e., recurring

production, recurring operations, and nonrecurring costs.

Sources of cost and manpower data used in deriving the bottom level costs included
recent information on expenditures for ascent versions of the ‘Agena as well as a
detailed historical study of the Gemini Agena Target Vehicle. . The latter study, con-
ducted for NASA/MSC on Contract NAS9-10902, contained manpower and material

records down to Levels 7 and 8 of WBS indenture.

As a final check on the estimates derived in the manner described above, a series

of independent cost reconciliation analyses was conducted to compare the projected
recurring and nonrecurring costs for the Agena tug against a historical reference
point, the Gemini Agena Target Vehicle. Cdsts were adjustéd in these reconciliations
to account for differences in configuration and in monetary factors (i. e., the rate

structure and other inflationary effects).
8.3 RESULTS

8.3.1 Baseline Agena Tug

The estimated costs for the baseline version of the Agena tug (5-foot diameter, ascent
mission capability only) are summarized in Table 8-1. This table is a direct computer
printout from the DBANK prograih of the iﬁdentured costs by WBS entry. Costs for all
the program' pHases (recurring and nonrecurring) are discussed vat greater length in

the following paragraphs.
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Table 8-1

BASELINE AGENA SPACE TUG COST SUMMARY PAGE 3
- ~TOTAL—PROGRAM--COSTES BV WBS -FLEMENT —_—
WBS IDENTIFICATION neeunaim--;éaoor RECURRING OPER- NONREEURRING COMMENTS
. HRS HRS : HRS H
STRUCTURES - v oo com om oo O SR Y _a, o _a.
AGENA SPACE TUG SYSTEM - 8062, 155060, 0. 0, 25000, 450875,
AGENA SPACE TUG STAGE 8062, 153060, 0. o, 28080, 4sBe7s.

SUBSYSTEM INTEGRATION i -

FCRWARD SECT1ON 1375, 31897, 0, 0 0, 0,
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AFT SECTION. woooomomie o oo e $288 v 287404 Oy SO 5
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PROPELLANT LINES/PLUMBING INTEGPAT 250, 7968, 0. 0, 0, 0.

FAST SHJTHOWN KIT e e g RB e 22T - — By B+ O+ By e e
HELIUM SUPPLY SPHERE g. 8244, 0. 0.

e - 2080340710+ — Gy ——0+—28000, 455835,

2 11ed ‘II 10A
6£928T-ISIN'T



ANVAWOD. '3DVdS -8 SIATNSSIW-A3ATHMNDO0T1

8-8

Table 8-1 (Cont., )

S —— s i e TOT AL RROGRAM-GOSTS-BY— P e -
. B LR R R R L P T Y LT LY L e c-n
WBE NO, LEVEL WBS IDENTIFICATION RECURRING PROD RECURRING OPER NONRECURRING
» : HRS $ HRS $ HRS s
e e ——0847 )} HELIUM. PRESSURE- REGULATOR. oo - . .0, 14880, 0y .o Bge o . Dy - 0.
10 (7) HELIUM FILL COUPLING 31, 528, G 0. 0. 0.
11 (7) PYRO HELIUM CONTROL VALVE 0. 3318, 0. 04 0, 0.
-~ - 0B-08-080-45) -ELECTRICAL- POWER . . 3920,- 51260 By 04 - 12000, 216420,
01 00 (&) SLESYSTEM IMTEGRAT!ION 1800, 32463, 0 0. 12060, 216420,
02 00 (6) PCWER SJPPLY SYSTEM 0. 10072, o, 0n 0. 0.
.- 01-47) PRINARY BATTERIEE TYRE IV-R : © Bee- 29624 - . o4 ~ B4 0.
02 (7) PRIMARY BATTERY,TYPE 1-H » 0. 7110, . 0. 0 0. 0.
03 {7) SECONDARY BATTERY,TYPE Vi-s oo 0. 0, 0, 0, 0. 0.
04 (7) GOLAR 4RRAY ee 8. o, 0. o 0, 0.
05 (7) ChoNGE CONTROLLER oo 0, 0, 0, 0, 0, 3.
03 00 (6} PCWER DISTRIAUT{ON SYSTEM 2120. 48724, 0 04 0 0.
01 (7) PCWER DISTRIBUTION J-30X 385, 10087, 0, 0, 0, 0.
N2 (7) aFT CONTROL/INSTRUMENTATION J®ROX 392, 8310, - 0. 0 o, 0.
3 (7) PYROTECHNIC CONTROL J=BCX 592, 10925, 0 0 Cy 0.
N4 (7) ELECTRICAL WARNESSING 750, 19402, 8. 0. 0, 0.
10 00 00 (5) GUINANGE ANG CONTROL 3361, 627957, G 0. 20000, 360700,
D1 N0 (6) SLASYSTEM INTEGAATION 1200, 21642, G c., 20000, 3s97h0,
02 00 (6) GLIDANCE SYSTEM >3'25. 510248, U o, 0. 0.
91 (7) INERTIAL SENSOR ASSEMBLY 0.  28a4nn, 0 o 0, 9.
02 (7) CCMPUTER 0. 216300, 0, 0, o0, 0.
93 (7) GLIGANCE vODULE , 325. 5548, o, 0. 0 0.
03 00 (6) FLIGHT CONTROLS SYSTEM 1805,  4pe7a, 0. o, o, 0.
01 €7) FLIGHT CONTROL FLECTRONICS PKE 1805, 40674, 0. . 0. 0. 0.
04 00 (6) STABILIZATION CINTROL SYSTEL e 0. 0, 0. 0. o 0.
01 (7) HCKIZON SENSOR ASSEMBLIES (2) eo 0, o, 0, 0 0, 0.

*Mission-peculiar to synchronous equatorial mission
** Mission-peculiar to 30-day low earth orbit mission
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Table 8-1 (Cont)

me mmmmmeeeme e e IOTA-PROGRAN- GOSPEBY-WRS FLFMENT-- e

L R R b L L R T Ry

w88 NO, LEVEL

'WBE JDENTIFIGATION RECURRING PROD RECURRING OPER NONREEURRING

HRS A HRS L HRS -
——ee AR 4 1 GYRO REFERENGE ASEGEMBLIES (2) 00— O Oy By - = By —— B - - -0,
03 (7) ORBIT ELECTRONIGS ASSEMBLY ## : 0. o 0, 0 a, 0.
04 (7) AUGMENTED ELECTHONICS ASSEMRLY ee 0. 0, 0. 0 0, 0.
— ————.m--»—G-B—-H-)»-a#C-S I T T T L T U . INUSSISRISSYPI o ISP R . B 2 I - Q.
05 00 (6) HYDRAULIC SYSTEM ' 0. 19315, 0, 0, 0, 0.
01 (7) WYDRAULIC POWER PACKAGE 0. 16783, a, D4 . 0, 0.
e B2 AT HYDRAU L ACTUATORE 4D — - o —mem— oo B3Ry By sy o By - i
06 00 (6) REACTION CONTROL SYSTEM 31, 36078, © 0, . 0y 0, 0.
01 (7) NITROGEN SUPPLY SPHERE 5.  s214, 0. 04 0. 0.
e 024 F - NETROGEN- PRESSUREREGULATOR - — e < < o By g FITBy e o sy el — ey 0.
03 (7) NITROGEN THRUSTERS (2) ' 0. 12561, 0 0, 0. 0.
04 (7) N!TROGEN F!LL COUPLKNG ' 31. 528, /N 0y o0 0.
cm e85 47)-DACS NITROGEN-SPHERE. 88 . . o By oo om Baie o e o g e o By - Oy - - 0.
06 (7) DACS NITROGEN RRGULATOR #e 0. ~ 0, o, 0, 0, 0.
07 (7) DACS NITROGEN THRUSTERS (2) e 0. 0, 0 0, 0, 0.
————— et __98_,‘_,_), W_N_‘m W“ as-. . PR ._.ﬂ,..,-.....g_'____.-. _-,__,,g.,_' e —— - .9.'._.... JUPRE, ._._9.' —_— .g' 0.
13 00 00 (5) TELEMETRY,TRACKING AND COMMAND 7415, 220215, 0. 0. 60000, 1082100,
01 00 (6) SUASYSTEM INTEGRATION 3500, 63122, 0. 0, 60090, 1082100.
=600 48] FELEMETRAATRECKING SYETEN. — — Y -1 VE—— S 0.
01 (7) PCM TELEMETRY MODULE,TYPE IV 0. 9835, oo 0. o, 0.
02 (7) BASEBAND ASSEMBLY ' 0. 14220, 04 oo 0. 0.
e B3 4B IHF- TRANGMITTER s 2w WAT - e -UREPE S T 1 VY DU SUNY . B e .
04 (7) PCWER AMPLIFIER # : 0. 5925, o, 2, 0. 0.
05 (7) MULTICOUPLER,TYPE 14 : 0. A' 3199, D, 0, - 0, 0.
NS VOWE T T SN IVEL 7T JTY 3000 S - e £ L L S S 8.
0, 0.

07 (7) ANTENNA,TYPE 28 - 72. izab._ 0. O
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91
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a0
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22

23 ¢
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91

23

08
0%
00
i
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0o

Table 8-1 (Cont)

PAGE ¢

e e ————e e FOT AL PROGRAM_GOSTE BY WES ELEMENT-
. eBer=Mececeemcememcecaneemcacocane
LEVEL #BS IDENTIF1CATION RECURRING- PROD- - - -RECURRING OPER————-NONREEURREINS—— - -— COMMENTE——
‘ _ ) HRS s HRS s MRS H
(7) ANTENNA+PARAAOLIC—8 385, 5333, O+ o+ . _—
(7) TELEMETRY J=B0X 542, 11764, 0, 0 0, 0.
(6) CCMNAND SYSTEM ) 3000, 73665, 0, o, o, . T
(7) COMIAND REGEAYENSDENOBULAFOR—— — - ey 4 FTFBr v & 8+ 8-
(7) CCMMAND DECODER 3000, 58890, 0, 0, o, 0.
(6) nsmumgmn{gu o, 7228, 0, 0. 0, o,
(5) GRDNANCE. - . NS £ 1 — & Bv & &
(6) PYROTECHNICS 0. 379, 0r 0, 0, 0,
(%2 M-11 PRESSURE srwuxé 0. 83, 0, 04 0, 0.
(7) M=p9 P?;SSURE SAULIB - —--»~~-91-—--—-l—--29-6'-< . S - W— B O O~
(5) GROUND SUPPNRT EQUIPMENT 4500, 113385. 0, 0+ 294750, 55325%4,°
(6) crvMON SEIVICCS 2625. 46511, 0. 0, 105000, 1885525,
(6) CRECKOIT EQUIPMENT 0. 0. ) 0. T 0s. 70000, 1406950, T T
(6) GROUND ~ANDLING/SERVICING ECUIP, 0. 0y 0. Oy 84750, 18544579,
(6) LAUNCH Y0NITOR/COITROL  EQUIF, 0. 0, 0 0+ 35000, 693300,
(6) GSE SPARES 187'5-". m66572~’ - 6- T 6;—. -.—_—0.;““_- o 0. ST
(5) LEGISTICS 6000, 582210, 0, 0, 0, 0.
(6) LOGISTICS SERVIMES 3200. 57712, 0, 0y 0, 0.
(6) VEWICLE SPARES 2800, 524498, 0, 0. 0, e -
{5) SYSTEMS ENGINEERIYG/INTEGRATION 25038, 417189, 0, 0. 757231, 12969947,
(6) VERICLE SYSTEMS aNALYSIS/DESION 500, 9017, 0 0, 120000, 2164200.-
(6) VEWIGLE SYSTERS [MTEGRATION 0. o on o, e2000, 1dte1a, 7
(7) INTERFACE ANMALYSIS 0. 0. O 0, 12000, 216420,
(7) INTERFACE EQUIPYENT DESIGN -0 0. 0, 0, 50000, 9017%0.
(6) SYSTEMS EFFECTIVEESS 13536, 220831, 0. 0. 293948, 4839885,
(7) RELTABILITY 4000, 65620, 0. 0, 40030, 456200,
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wBS MO,

93

95

97

na
0%
ve
nn
At
az
23

D4

01

n2

e

J1

22

n3

N2
n3
N4
ng
29
nn
(o1}
o
b

no

%0
ng
co

no
J1
02
0n
n1
02
00
a4
02
03
0o

LEVEL #8S IDENTIFICATION

(7) QUALITY ASSURANGE (GENTRAL)
(7) HLMAN ENGINEERING

(7) TDAfNIvG

(6) TEST PLANNING

{6) ENGINEERING SERVICES

(6) MANUFACTURING PLANS/SERVICES

(5) PROGRAM MANAGEMENT

(6) TECHNICAL DIRECTION/COORDINA
(6) PROGRAM CONTROL

(6) GENFIGURATION MANAGEMENT -
(%) DCCUMENTATION

(5) FACILITIES

(6) TEST FACILITIES

(6) LAUNCH FACILITIES

(5) TEST HARDWARE 4D OPERATIONS
(6) MCCKUPS

(7) acENA TUG HARC "OCKUP

(7) AGEMA/PAYLO&D S IPPORT STRUCT.MOCKU
(6) SLESYSTEMB/COMPANENT LEVEL TESTING

{7) TEST HARDWARE (NREVEL/QUAL)
(7) TEST OPERATIONS (3EVEL/GUAL)
(6) SYSTEM=LEVEL TEST WARDWARE
(7) FLIGHT TEST ARTICLE

{7) SYSTEMS TEST sRTICLE

(7) 03BITER [NTERFARE EQUIRMENT
(6) SYSTEM LEVEL TEST OPERATIONS

Table 8-1 (Cont)

PAGE 7
- TOYAL-PROGRAM. COSTS-BY -WBS FLEMENT - e s s
RECURRING PROD RECURRING OPER NONRECURRING COMMENTS
HRS $ HRS $ HRS s
. -....‘.95;4,__,,_i,_‘1'_§§2.i;_,.. ._....gf.__._.__ D+ 2289048, 3138404 — - —n omy e
0. 0. 0, 0, 5000, 96175,
0. .0, 0 0. 20000, 360790,
4472, 26388y — - — By G800 1426409 —— o e
1828, 32729, 0. 0, 56930, 1019754,
7702, 128254, 0. 0, 144240, 2404740,
- 6708+ 128834 . .- Oy - - 0152000274430, ——— -
T1oM 4000, 72140, g, 0, 75000, 1352628,
500, 9017, 0 0. 0, ' 0.
-700n - - 42624y - — By e By 40080342665 — ——
1500, 27052, 0 0, 58000, 1046030,
s000. 83525, 0, 0, 43730,  73dsae,
--8000y - 83828, - -Gy ——Br—$2500—— 2088821 — - oo -
0. o, 0, 0, 31250, 522031,
0. 0y 0. 0. 368105, 9550259,
o )
0. 0. 0, 0, 31250, $279%6,
0. o, 0, 0. 1280,  22066.
B T ' SRR - -wuw«91~2440597——239445;1——————~
0. 0, O, 0. 18780, 1720869,
0. 0. 0 0. 60900, 1080564,
8. - By Ry = ——B 1441354422488
0. 0, ' 0, 82933, 2857423,
0. o, 0, 0, 17500, 953087,
S S Py Gy -4 3700— 344 B
0. 0. 0. 0. 141820, 2076345,
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TOTAL PROGRAM- COSTS. BY WBS FLEMENT

WBS NO. LEVEL “BS IDENTIFICATION RECURRING PROD RECURRING OPER NONREZURRING

_ HRS $ HRS $ HRS 5
.. 84 73 FLIGHT TEST ORERATIONS e o0 3 9, 93100, 1211804,
02 (7) CAPTIVE FIRING/GOLO FLOW TEST OFS o, ‘0. 0. 0 36540, ua‘sﬂ:o.
N3 (7) INTERFACE TEST nPERATIONS 0. 0, 5, 0 12180, 216113,
- 98- 00-00(5) TEOLING AND SPERIaL TEST E£alilFy 20004 33480 . © v 155000, 2667485,
01 00 (&) TCOLING . ' 1125, 18793, 0, 04 _1:oqnoo. 1704050,
02 00 () MANUFACTURING TEST EQUIPMENT 875. 14617, c, 0, 55000, 9eiads,
= == -89 .88-08- 57 -SLPRGRT s 160, - -149731C, Ga 04 --4000, - 1664943,
01 70 (6) TRAVEL ) 0. 6736, 0 0, D, 16D483,
02 00 (6) REPRODUCTION 0. 10525, N o0 'A 0, 250754,
mm e e B3-0046 3. GENRYTER. . - 108+ 53613, 8 eBe-. 1080, 589729,
04 00 (8) MATERIAL USAGE/RaTED MATERIaL 0. 39049, o 0 0, 149351,
05 00 (6) COMMON “IMOR MaTERIAL 0. 37192, 04 Cs 0. 97402,
T 06 00 (6) REPAIR AND MAINTENANCE 0. 22%e4.  o. TTUeTTTT R, Tessioa.
- -381-00 00-00- 00 {3) SPACE- SHUTTLE. . 0. 0, 0. . 0+ 82200, 1870491,
214 DO 00 00 (4) ORBITER INTERFAGE EQUIPMENT G, o 0. 0. 82200, 1870491,
01 00 00 (5) AGENA/PAYLOAD SUPPORT STRUCTURE 0. . 8+ ov 4. 37500, Tése37.
- —-- 02 00 00 (5) AGENA SERVICE- PANEL. 0. 0. 04 0, :37200, 713496,
03 00 00 (3) SAFETY INSTRUMENTATION 0, o 0 04 S Qv.. 0, {77780,
64 00 00 (5) ELECTRICAL WARNESSES T 0. "o, o, 0, 3000, 783835,
e e 08--80--00- 59 DUMP L INEE—4ND. RETRAGTLMECH - 0 " 0y Gs 0. 4500, §32082,
581 00 00 00 00 (3) AGENA TUG SYSTEM LAUNCH OPS/SVCE 0. .0y 49100, 644566, 0, 0.
01 00 00 00 (4) AGENA LAUNCH OPERATIONS 0. 0. 49100, 844566, 0, Y
010000 3—VERICLE-OPERATIONS— - - - - d. = @ 10000, 128290, 0, : 0.
02 00 00 (8) RECEIVING/SERVIEING FACIL.OPS,SUPP 0. 0. 5000, 84343, 0, 0.
03 00 00 (5) PAD OPERATIONS SUPPORY 0. 0. 13000, 161232, 0, 0.
540000 ACEMAKACILITIEB HOTABERVICES <. - . Do - Do . 20100, - 245570, 0, 0,
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PAGE 9
TOTih RROGRAM COSTS-BY--WBS FLEMENT. . 0 —— - e
cEemamememcmcmem—amemmm—— cmm—
LEVEL “BS IDENTIFICATION RECURRING éRoD RECURRING OPER NONREZURRING COMMENTS. -
. HRS 3 WRS ] " MRS 3
ot 20 (6) mm:ﬂ&ﬁﬂxm» ) - Cee B e B - 90884400464 — OBy
N2 00 (8) SERVICES oo 0, 11000, 135196, O, 0.
93 00 (6) OTHER SUPPORT 0. 0, 100, 1213, 0. 0.
91 00 90 (5) LCGISTICS o~ Cr e e By e B e 2688 —— ——
71 0 (6) PROPELLANTS/GASES ’ 0. 0. 0, 20000, 0, 0.
92 00 Np (5) SYSTEMS ENGINEERING/INTEGRATION 0. 0, 1000, 12129, 0, 0,
01 00 (6) RELIABILITY/Qa SUBPORT . o .. . oooocm @y Ou 4080+ —32429, g, o
A2 00 (6) ENGINEERING SERVICES 0. 0. 0. 0. o, 0.
881 G0 N0 00 90 (3) AGENA TUG SYSTEY FLIGHT OPS/SVCS o. 0.  7s00, 13s262, 0, 0., )
01 00 00 390 (4) MISSION PLANNING- T T B+ . 0+ 35008, 54405, O, O+
02 00 00 90 (4) MISSION OPERATIONS SUPPORT 0. o 2000, 36070, 0, o,
03 00 00 N0 (4) FLIGHT JATA REDUCTION/ANALYSIS 0. 0, 2500,  4%087, o, o,

R e N L L L L LT TV U Py Y e Y e

——man . PV -

PROJECT TOTALS 84199, 3413541,

#es NOTE =~ COST FACTORS BASED ON 3 LAUNCHMES PER YEAR,

779829,2006036, 40469123, .
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8.3.1.1 Recurring Production Costs. The recurring production cost estimate of

$3. 41 million quoted for the baseline Agena tug is an average unit cost for the stipulated
production rate of six vehicles per year.* In reference to the detailed breakout of re-
curring production costs (left-hand column of Table 8-1) the following important cbm—
ments apply to this estimate:;
a. The WBS entries for subsystem integration under each of the major sub-
systems refer to sustaining engineering for that particular element of the

vehicle. Tasks included under this heading include design maintenance
(including change engineering), and design modification/improvement.

b. Flight-to-flight mission-peculiar costs are included at a level typical of
ascent Agena missions; these costs are incorporated into the totals quoted
under the WBS entries for systems engmeermg/mtegratlon, program
management, and subsystem integration.

c. The differences between an Agena tug and a typical ascent Agena as launched
on Thor, Atlas or Titan show up in reduced expenditures for structures and
ordnance on the Agena tug. This reflects the fact that the nose fairing, the
booster adapter, the separation system, and the range safety destruct
packages are all omitted from the Agena tug. -

To cross-check the Agena space tug recurring-production cost estimate, an analysis
was conducted to compare the historically derived recurring costs of the Gemini Agena
target vehicle (GATV) with those of the tug. This reconciliation was performed in the
following manner: First the total recurring costs for six GATV were averaged to get
a per unit cost. These costs, in 1964 to 1966 dollars and rates, were converted to
current-year dollars, with typical inflationary factors for the aerospace industry
between the years 1965 to 1971 being used. The next step in the analysis was to sub-
tract all of the costs of hardware carried on the GATV that were not applicable to the
Agena space tug version. These included such items.as the secondary propulsion sys-
tem and the complex communications system of the GATV. It was also necessary to
subtract the costs of assembling and testing the GATV. In place of these costs, ap-
propriate values based on current Agena costs were added to represent the hardware,
assembly, and test costs peculiar to the Agena space tug. Finally, the management,
engineering, and support costs for the GATV were reduced in proportion to the ratio
of tug hardware costs to GATV hardware costs. The calculations are summarized in
Table 8-2. As indicated there the reconciled unit cost for the Agena space tug came
to within $10, 000 of the estimated cost. This represents a difference of a fraction.of

1 percent.

*Refer to Fig. 8-2 for average unit costs at higher broduction rates.
8-14
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Table 8-2
RECURRING PRODUCTION COST RECONCILIATION

($ Millions)

Calculate Average GATV 29.409

Unit Cost g - 4901

Convert to Current Dollars 4,901 x 1.4 = 6.861
Subtract Inapplicable GATV _ _
Herdware Costs 6.861 - 1.4 (1.560) = 4.677
Subtract Inapplicable GATV 4.677 - 1.4 (0.414) = 4.097

Assembly and Test Costs

Subtract Proportionate Share of
GATV Management, Engineering 4,097
and Support Costs

0.47 (3.267) = 2.562

Add Agena Space Tug Peculiar _
Hardware/Assembly/Test Costs - 2.562 + 0,677 + 0.184 = 3.423
Compare to Derived Agena A

Space Tug Estimate = 3.423 - 3.413 = 0.010 (~+0.3%)

For production rates beyond the nominal six per year used in this analysis, the unit
production costs of the Agena tug will decline. To obtain an approximation of the
magnitude of these decreases, some recent.estimates of cost vs rate for ascent Agena
configurations were analyzed and compared. A curve approximating the expected cost/

rate relationships for the baseline Agena tug was synthesized (Fig., 8-2).

8.3.1.2 Recurring Operations Costs. Recurring operations costs for the Agena space

tug vehicle are broken into two major categories: (1) launch operations and services

and (2) flight operations and services.

The launch operations costs, reflecting the prelaunch sequences described elsewhere
in this report, are estimated to cost approximately $646,000 for an average unit, based
on a launch rate of six per year. Higher launch rates will reduce this figure. Sources

of data used in deriving the recurring-operations costs included current ascent Agena

8~15
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Fig. 8-2 - Typical Unit Cost vs 'Rate Curve for Baseline Agena Tug
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launch cost data as well as detailed costs on the GATV as derived under contract
NAS9-10902. Where Gemini Agena manpower and cost data were used as a source,
the costs were adjusted downward to account for the fact that the Agena space tug pre-
launch operations would be simpler than the GATV and would require less facilities

and GSE support.

In reference to the detailed breakout of Agena tug launch operations costs (in Table 8-1)
(WBS entry 581-00~00-00-00 and subordinate items) the following definitions apply to

the major cost categories:

a. Vehicle Operations: This entry includes the cost of crews working directly
on the Agena the entire time it is at the launch base. It includes receiving
inspection, checkout, handling operations (other than those performed by
the shuttle crew), and Agena participation in the countdown.

b. Operations Support (581-01-02-00-00 and -03-00—00): These two entries
cover the manpower required to operate Agena GSE and also any facilities
that directly support Agena processing operations, such as the receiving
and servicing facility (now known as the Assembly Building, Hangar E, at
ETR or the pad facility. The costs exclude support of shuttle launch facilities.

¢c. Facilities Management and Services: This item collects costs for the overall
management and administration of Agena tug facilities at the launch base.
Also included under this entry are any services not provided by the other
support contractors at the launch base.

The Agena tug flight operations costs were estimated to average approximately $135, 000
per mission at a rate of six flights per year. These costs, which are based on an ascent
mission of less than 1-day duration, include the generation of a mission plan, Lockheed V

participation in mission control activities, and post-flight data interpretation.

The total of average unit recurring-operations costs (sum of the center column in
Table 8-1) was estimated to be approximately $781,000 based on the reference launch

rate,

8.3.1.3 Nonrecurring Costs. It is estimated that the nonrecurring costs for the base~
line Agena space tug vehicle and its supporting equiprhent will total approximately

$40.5 million. This analysis is based on the development and qualification plans for the
Agena space tug as outlined in Volume II, Part 3 of this report. The methodology usedinde-

riving the estimate was generally similar to that for the recurring costs; however, special
8-17
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emphasis was placed on identifying the major tasks, the major test hardware and
operations, and the shuttle interface equipment required to bring the Agena space tug
to an operational status. - Peak annual funding required during the development phase

(nonrecurring costs) is $16 million.

The Agena tug nonrecurring costs comprise two elements:
Research, Development, Test, and Evaluation
(RDT&E) for Agena Tug - $38.6 million

Fabrication of Orbiter Interface Equipment : $ 1.9 million
$40. 5 million -

In respect to the Agena space tug RDT&E costs (WBS entry 181~00-00-00-00 non-
recurfing costs in Tabie's— 1), the subéyéfems development costs are relatively low;
this reflects the fact that the Agena space tug requires rather few new items of hard-
ware. The 'sysfems engineering and integratidn costs are fairly high, because systems
integration, parfiéu_larly integration of the Agena vxfith the shuttle; requires consider-
able analysis and documentation. For example, reliability and quality fun‘ctions must
take into account the necessity to operate inside the ;cargo bay of the manned space
shuttle vehicle. Erig'meering and manufacturing support services must generate new
drawings and procedures. Engineering analyses must also reflect the change from
expendable launch vehicles to the space shuttle. Test plans must be written to cover
shuttle-peculiar tests. The line item of systems engineering and integration also in-

cludes the design (but not the fabrication) of the shuttle orbiter interface equipment.

Particular points of clarification for detailed RDT&E cost entries in the WBS are as

follows:

a. The subsystem integration costs shown for most of the Agena tug subsystems
represent expenditures for initial design of the overall subsystem to meet
the tug requirements, and also for the design of any new components peculiar
to the Agena tug configuration (e.g., propellant dump system hardware).

b. The WBS entries for flight test hardware and operations refer to what is also
designated as a deployment test in the development plan, - -

Fabrication costs for six sets (five flight + one backup) of shuttle interface equipment -

to enable the Agena tug to be operated from the orbiter cargo bay are presented under

8-18
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WBS entry number 381-00-00-00-00 in Table 8-1. Since there is no precise analogy
for hardware of this type, the quoted nonrecurring costs of $1.87 million represent a

higher uncertainty than any other costs in the Agena tug system.

In the same way that the recurring costs were reconciled against the GATV unit costs,
an analysis was conducted to compare the nonrecurring costs of the Agena space tug to
those of the GATV. Very briefly, the approach used in this reconciliation started with
conversion of the nonrecurring costs of the GATYV to 1971 dollars. Then the costs for
subsystems developments made under the GATV program, such as the Model 8247
engine and the Model 8250 secondary propulsion system, were subtracted from this
total, After GATV subsystem developments were removed the tug sﬁbsystem develop-
ment costs were added back. The costs for design and fabrication of the Shuttle inter-
face equipment were also added in, as were the costs for the single flight test of the
Agena Space Tug (there was no comparable flight test of the GATV). Results of this
analysis are presented in. Table 8-3. The difference between this reconciled estimate
and the derived estimate for the Agena space tug amounts to approximately $1.7

million, or roughly 4 percent. This appears to be a reasonable correlation.

Table 8-3
NONRECURRING COST RECONCILIATION

($ Millions)

Calculate GATV Nonrecurring

Cost in Current Dollars 52.741 x 1.4 = 73.837

Subtract Inapplicable Subsystem
Developments (e.g., Propulsion, 73.837 - 43.284 = 30.553
TT&C) and Services

35. 310

Add Tug Subsystem Development 30.553 + 4.757 =
Add‘Shuttle Inter'face: Equipment 35.310 + 2.772 — 38.082
Design and Fabrication

Add Flight Test Hardware 38.082 + 4.070 = 42.125

and Operations

Compared to Derived Agena A

= . - .4 = . ~ +
Tug Estimate 42.125 - 40.469 = 1.683 (~+4%)
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8.3.2 Evolutionary Agena Tug Costs

The costs associated with an evolutionary Agena space tug were derived by the same .
methodology as that used for the baseline version of the Agena tug. (The evolutionary
Agena tug is described in Section 5 of this volume.) The results of this cost analysis
are summarized in a direct computer printout of the indentured costs by WBS level,

as computed in the DBANK program (Table 8-4). The evolutionary Agena tug recurring
and nonrecurring costs presented in this table are discussed at greater length in the

following sections.

8.3.2.1 Recurring Production Costs. The estimated recurring-production costs for

the evolutionary Agena tug are $3.86 million per average unit at a six-per-year rate.
Although this amounts to an increase of approximately $560,000 over the baseline |
version, the latter figure represents the.absolute maximum difference between the
twd configurations; it is anticipated that more refined analysis will narrow this differ-

ence appreciably.

Principal differences in hardware costs between the evolutionary Agena tug and the
baseline version occur in the structures cost. This includes the cost for a larger
propellant tank and a larger forward equipment rack. Electrical power system costs
differ by virtue of the increased amount of wire harness required on the evolutionary
Agena tug. Other cost differences between the evolutionary Agena space tug and the
baseline version are in subsystems installation and checkout (pi'edominantly final
assembly), sustaining engineering/program management, and GSE and facilities

maintenance costs.

Details of the evolutionary Agena tug recurring production costs are presented in the

left-hand column of Table 8-4.
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WBS NO:

et e 040000
184 00 C£O 00 00
04 00 00 DO

PR PR . T

02 00
03 99
0489
0% 00

D6 00 (6) MISCELLANEOUS STRUCTURES
- ——02-00.--80-45) - SUBSYSTEME- INSTALLATIONLGHECKOUT - -

LEVEL

Table 8-4

EVQLUTIONARY AGENA SPACE TUG COST SUMMARY

{8). STRUCTURES.

(3) AGENA SPACE TUG SYSTEM
(4) AGENA SPACE TUG STAGE
+6) -S5LBSYSTEM- INTEGRATION:
(6) FCRWARD SECTION

(6) PROPELLANT TaMK ASSEMBLY
661 ART SECTEON o oo e -

{6) ATTACHMENT RING

TOTAL PROGRAM COSTS BY WBS. FLEMENT

LA L T R L R L L AL TR -

WBS IDENTIFICATION

01 00 (6) FINAL ASSEMBLY AND INBPECTION

02 00 (6) PCST-ACCEPTANCE PROCESSING

01 ¢7) AVBIENT FUNCTIONAL TEST

02

—-——-—83-88-08 45+ PROPULEION-

01 00

02 00 (6) PRIMARY PRQOPULSION SYSTEM
S U
02 (7) PROPELLANT ISOLATIOM VALVES (2)

03 (7) PROPELLANT DuMP.VaLVES (2)

(7) THERMAL/vACLUM TEST

(6) SUBSYSTEM IMTEGRATION

€7 )-MOPEL 8247 -ENGIE. -

oo 82008 4 6) ACCEPTANGE- TEGTING - —m e -

<844 1) PROPELLANT FiLi--COURLINGS. (23
05 (7) PROPELLANT VENT COUPLINGS (2)

06 (7) PROPELLANT LINES/PLUMBING INTEGFAT
87 A7) FAST-BHUTDOMN- KT - - = - - -

08

(7) HELIUM SUPPLY SPHERE

RECURRING PROD

HRS $
Do Ba.

13625, 266645,

13625, 266645,

- 2000, -36070+

3125, 69978,
5625, 105816,
- 3880, — . 25621,
500, 9537,
1125, 19623,

45609 ~274254 . -

5000, - 83525,

300,

- 10108, . 129374,

7308, 129668,

2801, 49706,

- -1B56 620707,

1000, 18035,
556, 402762,
o Qv - 5386080y - -
0, 14220,
0. 11850,
Gy - - 8294
150, 2541,
250, . 7988,
- 498, - .p287, .
0. 11850,

A352,

RECURRING OPER

HRS

o,
O,
0,
04
0,
0.
)
Q.
0.
0.
0,
0,
84
0.

0

By~

34
G,
9. -
0,

04

Q-

0.
o,
O

0.

$
'
04
b
2
0
0,
© By
0,

Co

0,

0,
G
2
bl

Qs

.e‘ .

0.
U
B

Jr

0,
By
0,

NONRECURRING
HRS 3

0. 0.

55000. 1352625,

75000, 1352675,

75000, 1352625,

0, 0.

0. 0.

0, 0.

0, 0.

0. 0.

e .g'. 0.

0. 0.

0. 0.

<0y 0.

0, 0.

Cu a.

45080, 811575,

45000, 811575,

a. o.

84 0.

0. 0.

o, 0.

0, 9.

0, 0.

0, 0,

0, 0.

0, 0.
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Table 8-4 (Cont) PAGE ‘
TOT4L. RROGRAM CESTS BY WBS. FLFMENY C e e e = T

WBS NO, 1LEVEL YRS TOFNTIFICATION RECUFRING PROD RECURRING ORER NONRECURR NG COMMENTS

HRS $ HRS 5 HNRS H
09 (7) WELIUM PRESSURE REGULATOR o 8.. 11850, 0, C Be- By o e By e
10 (79 HELTUM FILL COUPLING 31. 528, 0 0 0. 0.
11 (7) PYRO HELTJM GONTREL VALVE 0. 3348, 0, 04 0, 0.
05 20 06 (5) ELECTRICAL FOWER 5428, 129889, - - By- oo By —4B0B0—— 2705284 - - —o
21 0D (6) SLESYSTEM INTEGRATION 1800, 32463, 0, 0. 15000, 277528
02 0n (6) PCWER SUPPLY SYSTEM 0. 10072, 04 0, 0. 0.
Q4 (7)) PRIMARY RATTERIFS TYRPE. lVv-B . . Qe - 2962, B - R VU » KNI « WU
N2 (7) PAIMARY BATTERY,TYPE I-H « 0. 7110, Oy Oy 0, 0.
N3 (7) SECCDARY BATTERY,TYPE V]i-p ee 0. 0, 0. 0. 0, 0.
04 (7) SCLAR ARRAY oa .. N - U . DAY : DUV - W .0, O S
05 (7) CrAMGE CONTROLLER @ o, 0. 0, 0. 0, 0.
03 00 (6) PCWER GISTRIRUTION SYSTEM 3620, 87054, 0. 0. 0, 0.
01 (7) PCWER DISTRIRUTION J-BOX ©3es. 1posy, 0. 0, 0, 0. o
02 (7) AFT CONTROL/INSTRUMENTATION JaBOX 392, 8310, IS o D B 0,
03 (7) PYKOTECANIC CONTROL J9BOX 592, | 10925, G O 0, a.
04 (7) ELECTRICAL WARNESSING T TZas. 57731, 0, 04 0, 0.
10 00 00 (5) GLINANCE AND COMTROL 3361, - 627987, o, 0+--21000, 378738, C s
01 00 (6) SLRSYSTEM INTEGRATION 1200, 21642, 0. 0. 21000, 378735,
02 7 (6) GLIDANCE SYStew 325,  S16248, 04 04 0, 0.
01 (7) INERTIAL SENSOR ASSEMBLY - .- -288400, - 8 - - By o =Bem— - By = e -
02 (7) CCMPUTER 0. 216300, 0. 04 0, 0.
03 (7) GUIDANCE “MoDuLE 325, 5548, 0. 0, 0. 0.
03 00 (8) FLIGHT CONTROLS SYSTEM . ~+805, - 48674, .~ By By Oy 04
01 (7) FLIGHT CONTROL ELECTRONICS PKG 1805, 40674, 8. O 0, 0.
04 00 (6) STABILIZATION CANTROL SYSTEM ®e 0. 0, 0, 'R 'R 0.
04 (7) WORIZON SENSOR ASGEMBLIES. (2) #& ... .. g, . Q4 .. Dy @ 9 8

vt bt J 22 f——————

*Mission-peculiar to synchronous equatorial mission
**Mission-peculiar to 30-day low earth orbit mission
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Table 8-4 (Cont) PAGE 5

emmm e e el . 1OTAL PROGRAM- COSES BY. uss sgmem

W8S NO, LEVEL WBE 1DENTIFICATION RECURRING PROD RECURRING OPER NONRECURRNG COMMENTS
HRS $ HRS s HRS s

—— e — o 0243} GYRO. REFERENGE ASSEMBLIES (2) as . . . .0y o o= w8y oo o D4 oo Be - 0, 0.
03 (7) ORBIT ELECTRONICS ASSEMBLY e 0. 04 0. 04 04 0.

04 (7) ALGMENTED ELECTRONICS ASSEMBLY o+ 0. 0, 0, o o, 0.
———-———--——9-5-(—7-)—60CS--NSOB£E—N'— [ ST - S e By e By e By . 0.
' 05 oo (6) HYDRaULIC SYSTEVI . 19315, 0, 0, T 0, 0.
01 (7) HYDRAUL!C POWER PaCKAGE 0. 10783, 0 0, 0, 0.
02 {7} HYDRAMLLEACTUATORE (2 e e i oy BB 3Re - By e - O - Dy 0.
06 00 (6) REACTION CONTROL SYSTCM ' 31, 36078, - 0, 04 0. 0.

04 (7) NITROGEN SUPPLY SPHERE 0. 3214, 0. 0. 0. . 0.
e 02 47} NITROGEN RREGEURE -REGULATOR —— oo vome o Dy 4222 Bt e D Oy - 0,
03 {7) NITROGEN THRUSTERS (2) 0. 12561, 0 04 0, 0.

04 (7) NITROGEN FILL COUPLING ST 528, 0. 0, 0, 0.
————— 05 (2) BACS NITROGEN-SRMERE-#® . Qe Ol Do O Qg . - 0.
06 (7) DACS NITROGEN REGULATOR s 0. 04 0. 04 0, 0.

) 07 (7) DACS NITROGEN THRUSTERS (2) # ‘ 0. 0, 0, 0, 0, 0.
B8~ 47D 4ES N TROGEN—PLUMBING S . . o Or—- G By - - B,
13 00 00 (5) TELEMETRY,TRaCKING AND COMMANT 7415, 223652, 04 0, 63000, 1i3s265,

01 00 (6) SUBSYSTEM INTEGRATION 3500, 63122, © 0y 0. 63000, 1136205,
82806 FELEMETRYLTRACK NG BYSTEM — 94— PP Py ey~ B4
01 (7) PCM TELEMETRY MODULE TYPE 1V 0. 9835, 0. ) 0. 0, 0.

D2 (7) BASEBAND ASSEMBLY 0. 14220, 0. 0, 0, 0.
e e 0343} UHE- TRANGMITTER  2aWATT o i B3 IPIB Qg o —Ba e B m - By
04 (7) PCWER AMPLIFIER 0. 5925, 0. 0, 0. 0.

05 (7) MULTICOUPLER,TYPE 14 0. 3199, 0, 0y - O, 0.

e 06 P RF-SHITCHITYRE 4o o Gy 898y e B o —Ba - By 0.

07 (7) ANTENNA,TYPE 28 : 72. 1256, 0, 0, 0, 0.
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HS 0,

14

13

91 a5

92

TR

ng

62

jal

0]

£y og

LEVEL

(7

(7)

(5)
(6)
(h)
(6)
(5)
(6)
(6)
(5)

(6)

Table 8-4 (Cont)

TOTAL PROGRAYX COSTS AY WBS. ELRUENT

#BS INFNTIFICATION

AMNTENNA,PARABHLIC ¢
TELFAETRY J=3nX

GCe aN) SYSTEM

CCihiaN) RECETVE/DEMOLULATOR
COVYAND [EICONFR
INSTRAENTATYION

G aMEE
PYRGTECANICS

v-11 PRZSSURE SNUIB

M=69 PRZSSUKE SaUla
GRO'IND SUPPORT EQJIPMENT

L™ ON SERVIAES

CRECKOUT ZGU[pNENT

GSCL ND ~HANDLIMG/SERVICING EBULPR,
LAUECHA MeVITaR/A0MTROL EQUIP.
GSE SPARES

LCGISTICS

L 61S8TICS SERVIFES

VFFICLE 3PARES

SYSTEMS ENGINKFER1NG/INTEGRATION
VERICLE SYSTEMS AVALYSIS/OESINN
VERICLE SYSTEMS INTEGRATION
INTFRFACE AMALYSIS

INTERFACE EQUIP tg#1T DESIGN
SYSTENMS EFFFCTIVEVESS

RELTABILITY

RECURRING PROD

4RSS
300.
542,
.3000.
0,
3000.
0.

Q.

a.

0. .

5125,
3250.

0.
0.
0.

1875,

5000,
3200.
2800.

30933,

500.
o
0.
2.

15638,

4000,

3
5233,
11764,
73665,
17775,
55890,
10665,
- ..-378,
379,
83,
" 296,
124488,
57616,
0,
0,
0.
629610,
57712,
" 571898,
515138,
9017,
By
0,
0.
255632'
65620,

66872,

PAGE 6
RECURRING OPER NONRECURR ING COMMENTS
$ HRS H
0, 04 0. a.
0, 0, 0, 0.
0, 0, 0. 0.
N Qe 0. 0. -
0y 04 0, 0.
0, 0 0. 0.
0, O . 8. - - e e
0, 0, 0, 0.
0, 0, 0. 0.
O - 0+- Qe B - S— e
"0 © 0y 329250, 6328081,
0, 0+ 92000, 1855960,
0. 0, 81250, 1637681, )
Us 0+ 118750, 2299049,
0, 0. 37250, 735971,
0. o o, o, T
0+ 04 0, 0.
0, s 0, 0.
o o o, 0. S
0, 0, 884983, 15i800647,
Ch O+ 160000, 288%600,
o, 0, 65000, 1i72275. o
0. 0, 15000, 270525,
0, 0, 80000, 9017%0.
0 0, 328989, sa1e772, o
0. 0, 45000, 738225,
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v Table 8-4 (Cont)
: - : : . ' TCTAL- PROGRAM COBTS BY WBS ELEMENT

04

Ds 147374,

PAGE

?

COMNENTS

¥85 nG, LEVEL w85 [DENTIFICATION RECURRING PROD RECURRING OPER NONRECURRING
HRS $ HRS 3 HRS 1

LT 02 473 -GUALITY ASSURANCE- (CENTRAL) - 11638, 189412, N 6. 258989, 4(73567,

03 (7) ‘Hl,"MAN ENGINEERI''G 0. o 0, 0. 6000,  108210.

04 {7) TRAINING 0. 0. 04 0. 22000, 396770,

mrmeim e —04--08--46)- TEST RLANNING. . --1989. - -34183, G 9y 90759, 1616211,

05 00 (6) ENGINEERING SERVICES 1885, 33391, s 0+ 71676, 1283438,

06 00 (6) MANUFACTURING PLA“S/SERVICES 11021, 183545, 04 0, 168559, 2806672,

o B3 58--08—45 ) PROGRAM -MANAGEMENT- - - b 388 e 4208344 N Qv 185808+ 3336475,

01 00 (6) TECHNICAL DIRECTION/COORDINATION 4000, 72140, 0, 0, 90000, 1623150,

02 00 (6) PROGRAM CONTROL ) 500, 9017, 0. 0, 0, 0,

630546 -CONFIGURATLON MANAGEMENT . o oo ——199,——; -1£26244— - < Qv - - o—0y--30088, 541050,

04 00 (6) DCCUMENTATION 1500, 27052, O 0+ 65000, 1172275,

95 00 00 (5) FACILITIES 3000. 83529,. 0, 0, 43750, 73n8a4s,

B 006 FEETFAGHATHEE - < e oo~ 538G —— 83528y e By — -G $2500+ - -208812,

02 00 (6) LAUNCH FaCILITIES 0. 0. 0, 0, 31280, 522031.

"7 797 00 00 (8) TEST WARDWARE AND OPERATIONS 0. 0, 0, 0, 425966, 70663496,

S4—05-—-4-1-MEGKURS N O By —— G —4 4280755346,

01 (7) AGENA TUG HARD MOCKUP 0, 0. o 0+ 40000, 733250,

S 02 (7) AGENA/PAYLOAD SUPPORT STRUCT,MockU g0, 0, 0, 0, 1250, 22066,

98-00—6-SUBEYETEMBACOMPANENTLEVEL—FEBTHING—————G+—— G —— ——fy—— ——Gr— 80883140853,

0% (Y) YEST WARDWARE (DEVEL/GUAL) 0. 0, 0y 0. 25000, 1644176,

02 (7) 7esT OPERATIONS (OEVEL/GUAL) 0. o, 0. 0y 73080, 1296677,

B3 006 S TEMALEVEL - PEBT MARDMARE — @y —— — 5138262, —4653483,

01 (7) FLIGHT TEST aRTICLE 0. 04 0. 0, 98812, 3{64180,

""""" 02 (7) SYSTEMS TEST ARTICLE 0. o, 0, 0, 26730, 1127174,
O3 <42 —ORBITER—INTRRFAGE-ROUIRMENY o 0, g, 5. 43750, 34578, - .

- 04 DO (6) SYSTEM LEVEL TESY OPERATIONE 0, 0, 2164224,
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(73
(7)
(7
(3)
(5)
(6)
{(5)
(6)
(6)
(6)
(6)

(6)

t6)
3
(4)
{5)
t5)
(%)
{5)
(5)
(3
(4)
(5)
(5)
(5)
(5

Table 8-4 (Cont) PAGE °
- 1OTAL. PROGRAM- sasxsax uss—&mm--__.,_w
“BS IDENTIF{CATION RECURRING PROD RECURRING OPER NONRECURRING COMMENTS:
HRS $ HRS ] HRS s
FLIGHT TEST OPERATIONS rmmim G m Ry G 89508042 34989 —
CAFTIVE FIRING/AOLD FLOW TEST OPS 0. 0, 0, 0, 40194, 713473,
INTERFACE TFST NPERATIONS 0. 0. 0 0, 12180, 21313, o
TCOLING aND SPECTaL TEST -EQUR, 3128+ - --52263r— Py —— 24 B O3V IR —————
TCOLING 2250, 37586, 0, 0 156280, 272865%6,
MANUFACTURING TEST EQUIPMENT 875, 14617, 0, 0, 57500, 1607937, N
SLPPORT Ce e e e - 180 — 482287 Py 10804 865 20———
TRAVEL 0. 8318, 04 04 0, - 190792,
REPRQIUCTION 0. 12996, 04 o, 0, 298132, _
COMPYTER 488, — 53643+ — O ——5+——3050,—BISy29,
MATERIAL USAGF/RATED MaTERTAL 0. 43463, 0. 0. 0. iszsix.'
CCMMON MINOR MATERTAL 0. Jisoj. o 6. o0, deerer.
REPAIR AND MAINTENANCE T 0, 32329, - 0 0, 0. 494439,
§PACE SHUTTLE 0. TR Ge- oo 04— 82200, 1870498 — -
OREITER [NTERFACE EGQUIPMENT 0. De 0. 0. 82200, {870491,
AGENA/PAYLOAD SUPPORT STRUCTURE 0. 0. o4 0, 37500, Tv6ae37,
AGENA SERVICE PANEL B 0 - B e =By —-392004——91 3406 N
SAFETY INSTRUMENTATION . o, 0, o 0, I777%0,
ELECTRICAL HARNESSES 0. 0. 0. 0, 3000, 78883,
DULMP LINES AND RETRACT,MECH, Oy -~ L Q1 -m -~ -Be——-48004 - 132082, - - .
AGENA TUG SYSTEM LAUNCH opsstcs 0. 0. 51100, 708824, 0 0.
4GENA LAUNCH OPER4TIONS 0. -0 54100, 708824, 0, 0.
VERICLE ORERATIONS C e Byee —mmeBae - - 120004 148548, 04 o
RECEIVING/SERVICING FACIL.OPS.SUPF 0. 0, 8000, 84345, O, 0.
PaD opsanxo:\ns SUPPORT 0. o, 13000, 164232, 0. 0.
AGENA FACILITIES MGT/BERVICES - By =By —20480,- 248820, O+ &+
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Table 8-4 (Cont)

PAGF 9
e e e - .TOTAL-PROGRAE CCEES BY WBS FLEMENT
WBE NO. LEVEL WBS 1DENTIFIGATION RECURRING PROD RECURRING OPER NONRELURRING COMMENTS
HRS % HRS % HRS g
e 8450 46 APMINIETRAT N - - : S 1 © O 9000, .- 109181, 0. 0.
02 00 (&) SERVICES : . 0, 11000, 135196, 0, o,
03 00 (6) OTHER SUPPORT - 0. o 100, w23, o, 0.
— 81 0008 (B ) OGIETICE — e er e e e B, TP - PO . O 60000+ 0. 0.
D1 0D (6) PROPELLANTS/GASES o, 0, 0, 80000, 0. 0.
92 00 0D (5) SYSTEMS ENGINFERING/INTEGRATION 0. 0. 1000, 12129, 0. 0.
e = 0108 (6 RELIABILITYLGA-SURRORT. . - I - 0 1000, 12129, G, 0.
.02 00 (6) ENGINEERING SERVICES 0. 0y a, © 0 0, 0.
681 00 00 00 00 (3) 4CENA TUG SYSTEM FLIGHT OPS/SVCS C. 0. 7500, 139262, 04 0.
04500000 44} MISSION. PLANNING- oo s o < D 0. .3000,. 54105, 9, 0.
02 00 00 00 (4) MISSION OPERATIONS SUPPORT 0. 0, 2000, 36070, 0. - 0.
03 00 00 00 (4) FLIGHT DaTa REDICTION/ANALYSIS 0. 0, 2500, 45087, 0, 0.
NP PPPTP VT SRS TPPL PPRRSPT EPP PPN PPEEP WP TEELT VTP EP LT IE SIS SR gER PP LR S LSS SR
PROJECT TOTALS {03969, 3858355, 58600, 8440R7,2384899, 47661896, '

OOO'NOTQ »~ COST FACTCRS BASED ON 6 LAUNCHES PER YEAR,
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8.3.2.2 Recurring Operations Costs. The evolutionary Agena space tug recurring
operations costs of $845, 000 per average unit differ by only about $60, 000 from the
operations costs of the baseline Agena tug vehicle, The cost differences occur in

launch operations; specifically, the differences are in the vehicle servicing operations

required for the larger evolutionary Agena vehicle and in the cost of propellants.
There are no differences in flight operations and services costs between the evolution-

ary Agena space tug and the baseline Agena tug.

8.3.2.3 Nonrecufring Costs. The evolutionary Agena space tug nonrecurring costs

were based on the assumption that deveiopment of a tug version of Agena proceeds

directly to this larger configuration and does not evolve from the baseline ( 5-feet
diameter) tug. Under these assumptions the estimated nonrecurring cost for the
evolutionary Agena tug was $47.7 million. This increase of $7.2 million over the base-
line configuration reflects those relatively small costs required to increase the diam-
eter cf the Agena vehicle and to upgrade its propulsion system to a specific impulse of
310 seconds. WBS entries principally affected by the incorporation of the evolutionary
Agena space tug include structures, tooling, GSE, and systems engineering and man- '
. agement. Specific cost items covered include the design of a large propellant tank

and forward rack; the design and fabrication of the tooling necessary to build these
items and to assemble the increased size vehicle; the cost of ground support equipment
to service and handle the vehicle; and costs for documenting and analyzing the new

configuration.

Details of the evolutionary Agena tug nonrecurring costs are presented in the right-
hand column of Table 8-4.

8. 3.3 Extended-Mission Version of Agena Tug

To obtain an estimate of the Agena space tug costs for incorporating the capability to
perform a low earth orbit mission (in which the Agena space tug serves also to support
a payload for 30 days in orbit) a brief analysis was completed. The costs derived for
this version of the Agena space tug were estimated through use of less rigorous tech-
niques than the ascent versions of the Agena space tug. Costs were estimated by

analogies to current versions of the Agena in which integrated spacecraft functions
8-28
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are performed. These costing techniques were used to reach an estimate that the unit
recurring~production cost of an Agena space tug configured for the low earth orbit
mission might be approximately $4.98 million and the recurring operations costs -
approximately $1.2 million. These represent increases of $1.6 million and $0. 4 mil-
lion over the baseline tug costs. The nonrecurring costs are estimated at approximately

$44.8 million, which is an increase of $4.3 million over the baseline configuration.
Further refinement of these costs, and a detailed analysis of their economic implications

in terms of total program expenditures (payloads plus transportation) should be a high-

priority effort for follow-on studies.

8-29

LOCKHEED MISSILES & SPACE COMPANY



LMSC-D152635
Vol 11, Part 2

| Section 9
TANDEM CONFIGURATIONS



Section 9

TANDEM CONFIGURATIONS

9.1 'CONFIGURATION DEFINITION
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A brief preliminary analysis was made of the potential use of a tandem Agena space

tug configuration. In this case, two Agena space tugs are mounted together to form

a two-stage vehicle, the top stage being a normal Agena tug as discussed previously,

while the lower stage has been stripped of all equipment not needed to perform the

mission.

The guidance function, the telemetry and communication, and the electrical

power supply are thus provided by the top stage (the "smart' stage), and the lower

stage is only avelocity package (the ""dumb'' stage), consisting of the tank section, the

propulsion system, the required structure, and the attitude control thrusters. The

two stages are connected by a truss-type adépter structure, and the vehicles are both

tanked to design capacity within the weight limitations determined by the shuttle payload

capability.

Three different vehicle configurations considered for this analysis are shownin Table 9-1.°

The configurations are composed of standard Agena tugs and evolutionary Agena tug

vehicles.
Table 9-1 |
TANDEM CONFIGURATIONS -
Configuration 1 : Conﬁguration 2 Configuration 3
Stage 1 Agena Tug Evolutionary Agena Tug |Evolutionary Agena Tug

5-Ft Diameter, Stripped

10-Ft Diameter, Stripped

10-Ft Diameter, Stripped

Stage 2

Agera Tug
5-Ft Diameter

Evolutionary Agena Tug
10-Ft Diameter

Agena Tug
5-Ft{ Diameter

9-1
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9.1.1 Agena Space Tug Tandem Configuration

Figure 9-1 shows a preliminary design of Configuration 1, consisting of two Agena
space tug vehicles. The two stages will be mated with the payload attached to the
forward Agena and launched in this configuration. The total weight of this configura-
tion is 30, 537 pounds; it can therefore be launched on one shuttle flight, as indicated
in Fig. 9-2a., The length of the two-stage vehicle is 42 feet, which leaves 18 feet of
cargo bay volume available for the payload. Although the two stages are joined at
launch, each stagé is supported by a single cradle. The interstage structure is de-
signed to carry only the engine thrust loads during the aft stage burning. This reduces
the structural weight of the interstage, which is made of 2021 aluminum alloy tubing,
has a diameter of 60 inches, and is 122 inches long. The aft end of the interstage is
volted to the payload support ring of the first stage. The forward end of the interstage
is joined to.a tab added to the aft support ring of the second stage; the separation joint
is an integral part. of .this joint. "The. two stages are separated by Super*Zip, a pyro-
technic linear-shaped charge, which has been qualified by LMSC and is being flown on
LMSC 5-, 10-, and 14-foot diameter shrouds. Following separation of the two stages
the interstage truss is jettisoned, along with the first stage; only the forward half of
the retaining doublers remains attached to the forward stage. The total weight of the‘
interstage truss is 95 pounds, of which 88 pounds is jettisoned at separation. The dry
weight of the top stage Agena tug is 1, 369 pounds, the dry weight of the first stage
Agena is 1,043 pounds, and the total launch weight — including support structure and

equipment — is 32, 057 pounds with the tanks fully loaded.

9.1.2 Evolutionary Agena Tug Tandem Configuration

Figure __9-3 shows a preliminary design of Configuration 2, consisting of two evolutionary
10-foot-diameter Agena tug vehicles. The operational procedure of this arrangement

is that the forward stage, which is completely operational, is launched with the payload.
attached, and deployed on a given orbit; it is then storéd on-orbit in deactivated mode
until the aft stage is launched on~.a; second shuttle flight, and the two stages are joined
after rendezvous‘ in the parking orbit, as indicated in Fig. 9-2b. ~This procedure is

9-2
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dictated by the shuttle payload weight capability. The interstage structure will be

launched with the forward stage attached to its aft tank skirt. In this case the attach-
ment structure also incorporates the Super* Zip pyrotechnic linear shaped charge for
separation. The first stage is again stripped for all redundant subsystem and equip-

ment.

The two stages are mated and docked.at the forward end of the first stage, which has
a conical sheet metal structure. A similarly shaped receiver is installed at the rear
of the interstage édapter. Thrust loads from the aft stage will then be reacted radially

to the receiver. A latching assembly at four places prevents demating of the stages.

The total launch weight of the top-stage Agena is 54, 120 pounds, including the support
equipment, if the tanks are fully loaded. The total launch weight of the aft Agena is
50, 260 pounds, and the forward Agena is 51, 362 pounds, including support equipment.
The total weight of the tubulfai‘ truss interstage structure is 170 pounds, of which

139 pounds are jettisoned at Separatio_n. The dry weight of the top stage is 1894 pounds
and the lower stage 'ig 1406 pounds. ‘

The third concept, Configuration 3, is a combination of the previous two, using a

5~foot-diameter Agena tug as the top stage and a 10-foot-diameter evolutionary Agena
tug as the lower stage. The interstage structure is a 60-inch-diameter tubular truss
similar to that shown in Configuration 1. This configuration must also be launched on

two shuttle flights. *

9.2 PERFORMANCE CAPABILITY

The payload-carrying capability of tandem Agena configurations demonstrates the
flexibility and the wide range of mission support that these earth-storagle propellant
configurations can supply. The payload capability of the three configurations discussed

in par. 9.1 was evaluated for a propellant combination of UDMH/HDA delivering a
specific impulse of 310 seconds. Figure 9-4 illustrates the operational profiles flight
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modes for different types of missions. While the basic performance data are predicated
upon an expendable tug operation, payload capability information was also generated for
alternative flight modes that reflect recovering the Agena space tug and/or the payload.

For all flight modes the f;}'st stage is always expended.

Figures 9-5, 9-6, and 9-7 present the payload capability of the three coafigurations as
a function of characteristic velocity and flight modes. The results show. that for a one-
way expendable flight mode from 100 nm circular parking orbit at 28.5 deg inclination

to a synchronous equatorial condition the following payload capabilities can be realized:

Configuration 1 7,000 pounds (One Shuttle Flight)
Configuration 2 25, 000 pounds  (Two Shuttle Flights)
Configuration 3 18, 000 pounds (Two Shuttle Flights)

Placing the large stages in tandem (Configuration 2) also provides the capability to pro-
pell a 5000-pound spacecraft on a flyby mission to any of the outer planets up through
1990, or on the grand tour multiple outer planet encounter in the early i980's. These
stages, in conjunction with a retro package.providing the required AV at planet encounter,

also provide realistic payload weights in Jupiter and Saturn orbits.

Figure 9-8 is a comparison of performance capabilities of configurations varying from
the single Agena space tug to the evolutionary Agena tandem concept. The comparison
is made for Flight Mode 4, expendable one-way flight only, and for UDMH/HDA

propellant with 310-second specific impulse in all stages. The gain in performance is

impressive.

For the flight modes and configurations described in this section, propellant offloading
will occur only for the top stage of Configuration 2 and for certain missions requiring
low characteristic velocity. The first stage of this éonfiguration will always be loaded
to capacity; it is not affected by the shuttle capability. However, for the second stage
there will be a tradeoff between payload weight and propellant weight within the maximum
limit of 65, 00C pounds. Figure 9-9 shows the optimum propellant loadihg for the second
stage as a function of characteristic velocity and for the four flight modes. Mode 2 is
not limited by the 65, 000-pound constraint, since this is a retrieval mission and both
stages are launched from earth w1th no payload The most severe constraint is experi-

enced for the expendable one—way mission, Flight Mode 4,
9-8
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