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ABSTRACT

Nine volumes including this volume present the final report documentation outlining
the accompliskinents for the '""Cost Studies of the Multipurpose Large Launch
Vehicles" (MLLV), NASA/OART Contract NAS2-5056. This volume defines the
resources necessary for implementation and operation of either the Advanced
Multipurpose Large Launch Vehicle (AMLLYV) or the Multipurpose Large Launch

Vehicle (MLLV). These resource implications were determined to support the
cost analyses.

The MLLV family will consist of a single-stage-to-orbit configuration plus other
configurations consisting of a main stage (as used for the single-stage-to-orbit
configuration) with various quantities of 260 inch diameter solid rocket motor (SRM)
strap-on stages and/or injection stage modules. The main stage will employ
L.OX/LHy propellant with either a multichamber/plug or toroidal/aerospike engine
system. The single-stage-to-orbit configuration will have a payload capability of
approximately 500, 000 pounds tc a 100 nautical mile earth orbit. With the addition
of the strap-on SRM stages and/or LOX/LHy injection stage modules, this payload
capability can be increased incrementally to as much as 1, 850, 000 pounds.

The contract consisted of four study phases. The Phase I activity was a detailéd
cost analysis of an Advanced Multipurpose Large Launch Vehicle (AMLLV) family

as previously defined in NASA/OART Contract NAS2-4079. Costs for vehicle design,
test, transportation, manufacture and launch were defined. Resource implications
for the AMLLYV configurations were determined to support the cost analysis.

The Phase II study aétivity consisted of the conceptual design and resource analysis
of a smzller or half size Multipurpose Large Launch Vehicle (MLLV) family.

The Phase III activity consisted of a detailed cost analysis of the smaller Multi-
purpose Large Launch Vehicle configurations as defined in Phase II. Costs for
vehicle design, test, transportation, manufacture and launch were determined.

The Phase IV activity assessed the results of the study including the implications
on performance, resources and cost of vehicle size, program options, and vehicle
configuration options. The study results provided data in sufficient depth to permit

analysis of the cost/performance potential of the various options and/or advanced
technologies.
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FOREWORD

This volume, Advanced Technology Implications, is one of nine volumes docu-
menting the results of a twelve month study program "Cost Studies of Multi-
purpose Large Laurch Vehicles'", NASA/OART Contract NAS2-5056. The objec-
tive of this study was to define cost, cost sensitivites, and cost/size sensitivites
of potential future launch vehicles to aid in the guidance of current and future

technology programs. The baseline vehicles utilized to make this assessment
were:

1. The Advanced Multipurpose Large Launch Vehicles (AMLLV) as defined

under NASA/OART Contract NAS2-4079.

The Multipurpose Large Launch Vehicles (MLLV) as defined under this
contract and described in Volume II, ""Half Size Vehicle (MLLV)
Conceptual Design",

The program documentation includes this volume (Resource Implications), a
Summary Volume plus an Advanced Technology Implications Volume, a Design

Volume, Cost Volumes, Cost Implications Volume, and Appendices Volumes.
Individual designations for these volumes are as follows:

Volume I Summary

Volume II Half Size Vehicle (MLLV) Conceptual D.esign.
Volume III Resource Implications

Volume IV Baseline AMLLV Costs

Volume V Baseline MLLYV Costs

Volume VI Cost Implications of Vehicle Size, Technology Configurations, and
Program Options

Volume VII  Advanced Technology Implications

Volume VIII  Flight Control and Separation, and Stress Analysis
(Unclassified Appendices)

Volume IX Propulsion Data and Trajectories (Classified Appendices) -



FOREWORD (Continued)

Data on the 260 inch diameter solid propellant rocket motor were obtained from the
Aerojet General Corporation. Data on the multichamber/plug propulsion system
were obtained from the Pratt and Whitney Division of the United Aircraft Corporation
and the Rocketdyne Division of the North American Rockwell Corporation. Data on

the toroidal/aerospike propulsion system were obtained frorm the Rocketdyne Division
of the North Americ2n Rockwell Corporation.

These propulsion data were obtained from the propulsion contractors at no cost to
the contract. The material received encompassed not only the technical data, but costs,
regsources, schedules and advanced technology information. This support materially

aided The Boeing Company in the preparation of a complete and meaningful study
and is gratefully acknowledged.

This study was administered under the direction of NASA/OART Mission Analysis

Division, Ames Research Center, Moffett Field, California under the direction
of the technical monitor, Mr. Edward W. Gomersall.
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1.0 INTRODUCTION AND SUMMARY

% The resources necessary to define the costs for implementation and operation
of both the AMLLYV and MLLV families are defined in the following plans which
& constitute this document:
a. Design Plan (Section 3. 0)
b. Development and Test Plan (Section 4. 0)
. c. Manufacturing Plan (Section 5. 0)

d. Transportaticn Plan (Section 6.0)

e. Launch Operations Plan (Section 7.0)

5 f. Schedule Plan (Section 8.0)
g. Resource Requirements for Design Alternatives (Section 9. 0)
I For each plan, there are descriptions, assumptions and guidelines upon which
| the plans were developed. Figure 1.0.0.0-1 illustrates the sources and flow of
- 1 AMLLV/MLLV cost inputs.

To accomplish the objective of providing "modularized' detail costs of the two

4 vehicle families, costs (and supporting resource data) were categorized for
d three program phases as follows:

1"A 1 "Get Ready' Phase

This category includes non~recurring resource requirements for vehicle

design, and for the tooling, equipment and facilities required to produce
and launch a vehicle, . -

"B Development Test Phase

,\ . This category includes the non=recurring resource requirements for all
& development test activity required to develop the launch vehicle, its
components and the associated support hardware.

ncn The Operational Program Phase

. This category includes all of the recurring resource requirements for
{ 4 ' manufacture and launch of the operational vehicles,
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1.0 (Continued)
\
i Resource requirements for each of the above Qphases were estimated in terms of:
- a. Diréct manhours
1. Engineering
1 2. Non-Engineering

b. Facilities

[y e

c. Capital equipment

§ d. Tooling

e. Materials

B

The basic resource requirements were defined by the various Boeing operational
groups which are performing related tasks for the Saturn V/S-IC Programs (Boeing/
A Huntsville, Boeing/Michoud and Boeing Atlantic Test Center at Cape Kennedy).

” These inputs provided the basis for estimating the program cost. Indusiry wide ,
Yy labor rates and factors were applied for indirect labor and management cost. These

A e Rl

BT

11 rates and factors were based on either historical data or current negotiated
procedures for the Saturn V/S-IC Program. The final calculated costs are presented
i in Volumes IV and V of this final report.

Inputs on liquid engine costs were provided by Pratt and Whitney and Rocketdyne.
il Solid rocket motor costs were provided by Aerojet Genera! Corporation.

#
S
&
&
E
=L
A
Kl
S
A
%
i

The guidelines and assumptions used in the resources implications portion of the study
; - were developed from the contractual requirements, the previous AMLLV study

Tk (NAS2-4079), and applicable data from previous and current studies. Where special
circumstances dictated an arbitrary assumption, The Boeing Company and the NASA

K technical monitor concurred on a suitable guideline, i.e., to aid in costing, etc.,

4 manufacturing was assigned to take place at Michoud; the launch site would be land

' based rather than occupy an offshore locaticn, etc.

’L ' Figure 1,0.0.0~-2, Master Program Schedule, provided for reference in this
summary, shows the relationship of each of the resource plans discussed below.

E 1.1 DESIGN PLAN

{ : The design plan defines the engineering requirements for initial design, R&D support

and sustaining engineering during production and launch. Resource requirements for
the engineering design activity will be limited to manpower requirements. Adequate
facilities and equipment are considered to be available at the Michoud site.

‘ 3 '
: {'ig 9 -
L -
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1.1 (Continued)

Engineering design manpower does not appear te be proportional to vehicle size or
weight. Complexity of vehicle systems appears to be the parameter that best deter-
mines the required design effort. Estimates of stage complexity can be made by

comparing system operational life, number of systems, effects of a system failure,

number of functions performed by the system and whether its design is, or is not
within the present stage-of-the-art.

Release of component drawings will be initiated 1 1/2 years after authorization to
proceed. The drawings will be revised based upon the results of the R&D test.
Sustaining engineering will commence at the beginning of the 8th year and continue
throughout the remainder of the production and launch program.

The design engineering manhours, exclusive of support of the development test pro-
gram and sustaining engineering, (for "A" costs) are shown below:

STAGE : AMLLV MLLV
Main Stage 3,420, 000 3,345,000
Injection Stage Engine Module 2,070,000 2,079,000
Injection Stage Fuel Module 45,000 45,000
SRM Stage 220,000 160, 000

The sustaining engineering manhour estimates (for "C'" Costs) are shown below:

STAGE ~ _AMLLV | MLLV
Main Stage 447,000 447,000
Injection Stage Engine Module 145,000 145, 000
Injection Stage Fuel Module' 4,500 4,500
SRM Stage 28,500 28,500

Engineering support requirements for the development test program are included
in the resource requirements for the R&D test plan.



1.2 DEVELOPMENT AND TEST PLAN (NON-RECURRING AND RECURRING TESTS)

The Development and Test Plan defined the non-recurring R&D and the recurring
acceptance, static firing and pre-launch test activities. The R&D tests identified
and the associated costs for four different programs are shown in Table 1.2.0.0-I.
The four programs for which costs are shown are:

a. Development of an AMLLYV Single=Stage-to-Orbit Vehicle,

b. Development of an AMLLV Maximum Payload Vehicie consisting of a Main
Stage, 12 strap-on stages and a three module injection stage.

c. Development of an MLLV Single Stage to Orbit Vehicle.

d. Developlhent of an MLLV Maximum Payload Vehicle consisting of a Main Stage,
8 strap-on stages and a three module injection stage.

Manufacturing mockup tests will consist of building a mockup vehicle for use in
initial manufacturing facility layout, evaluating procedures, and for training of
manufacturing personnel. The manufacturing mockup plus structural components
of the Facilities Checkout (F) vehicle, discussed below, will basically include all
of the components of a complete launch vehicle system exclusive of operational
liquid engines. The manufacturing resources attributable to these tests were the
manpower and material required to fabricate the mockup component elements, and
for assembly of these elements into the mockup vehicle. Adequate tooling,

equipment and facilities will exist except for the floor space that the mockup
will occupy.

A facility checkout vehicle will be provided to conduct the tooling, GSE and facility
shakedown test. This "F'" vehicle will consist of a main stage, a single module
injection stage, a single SRM strap-on stage loaded with inert propellant, and a
mockup payload with a simulated instrument unit. These stages of the "F'" vehicle
will consist of load carrying structure, and those elements which will interface
with other stages or GSE. Resource requirements for fabrication of the "F"
vehicle were determined by defining the specific components that will make up the
"F" yehicle and summing the manpower and material required to fabricate and
assemble these components. Adequate tooling, equipment and facilities will exist.
The "F" vehicle will be used to check out the dynamic test facilities. Resource
requirements for use of the "F" vehicle at the dynamic test facility were attributed
to the requirements for dynamic test rather than the "F'' vehicle, because if there
were no dynamic test there would be no requirement for this "F'" vehicle operation.
Resource requirements attributable to use of the "F'" vehicle during transportation

and at the launch site were generally assumed to be the same as those attributable
to processing the first flight test vehicle.
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TABLE 1. 2. 0, 0-1 Development and Test Plan Cost

Summary
AMLLV MLLV
TEST Single-Stage Maximum Single-Stage Maximum
to Orbit Vehicle | to-Orbit | Vehicle
(DOLLARS IN THOUSANDS) ~
a. R&D Tests (Non-Recurring)
"B'" Cost Category ]

- 1. Model 600 1,000 600 1,000
2. Manufacturing Mock—Upr 5,038 6,296 3,176 3,969
3. Facility, GSE, &

Tooling Shakedown 319, 288 417,440 | 287,536 369,193
4. Component and Sub-
Systems 150,000 209,684 | 120,000 173,037
5. Breadboard 80,520 -98,528'| 73,200 89, 566
6. Structural
(Static Load) 86, 067 130, 869 66,420 96,995
7. Dynamic 66, 057 125,511 | 53,104 97,874
8. Engine Development
and Qualification 492,943 733,686 325,471 484,943
9. SRM Development and
Qualification 137,768 117,116
10. Static Firing and
Flight Tests 836,735 | 1,284,247 731,826 {1,026,726
11. Ground Support Equip- |

- ment (GSE) and Launch
- Vehicle Ground Support
Equipment (LVGSE)

GSE and LVGSE costs are included in

the equipment costs at the manufac-
turing, test and launch facilities,

k. Manufacturing and Operations

Tests (Recurring)

1.
2,
3.

General Acceptance
Static Firing
Pre-Launch Test and
Checkout |

and in vendor procurement costs,

Recurring Test Costs are.included
in the Manufacturing and Launch
Operations Estimates for the '"C"
Cost Category.




1.2 (Continued)

The component and subsystems test program will consist of those development and
qualification tests required for vehicle compounents and subsystems (including
purchased or procured items) exclusive of the liquid engine systems and the solid
rocket motors. The resource requirements for this series of tests were obtained
using factors determined from the current Saturn V/S-IC program. No additional
facility requirements were attributed to this series of tests.

A systems development breadboard was specified for this program. This breadboard
will be used as a tool to assist the design engineer during the initial design phase to
evaluate component and subsystem interactions and compatibility. The breadboard
will be updated as changes are made to the design, and after completion of the
development test program will be subsequently maintained to assist in the evaluation
of later design changes and/or specific mission requirements. The resource require-
ments for this test assume that existing facilities are adequate but that a new
computer will be required.

Each element of the load-carrying structure will be subjected to a structural load
test to failure. In excess of a complete set of load carrying flight type structures,
additional structural components will be required to support this test program.
New test facilities for these tests will be required adjacent to the manu-

facturing site and at the SRM subcontractor's facility.

Although no specific requirement for a dynamic test program was identified, in accord-
ance with the Saturn V/S-IC test philosophy a dynamic test program was specified.
Dynamic tests will be conducted on the main stage and on the injection stage. SRM
stages will not be provided but their interactions will be simulated during the dynamic
test by providing programmed inputs to hydrodynamic shakers located at the SRM

stage attach points to the vehicle, A new facility adjacent to the main stage manu-
facturing facility will be required for these tests. Incorporation of these tests

into the R&D program increased the total time span for the R&D program by one

year. Elimination of these tests, therefore, would result in a one year reduction

in the R&D test program time span and also would reduce the overall R&D program

costs by approximately $125,511,000 for the AMLLV, or $97,874,000 for the
half size MLLYV.

The liquid engine systems for the main stage and injection stage will require a
development and qualification program. The magnitude of the main stage engine
program will be dependent upon the type of engine system used (i.e., the multi-
chamber/plug or the toroidal/aerospike).

The baseline program defines the resource requirements for the Pratt and Whitney
mu}tichamber/plug engine system. Backup data shows the development and qualifi-
cation requirements for the Rocketdyne toroidal/aerospike engine systems. No new
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1.2 (Continued)

engine test facilities will be required as the engine systems will be tested by indivi-
dual module. The first complete test of the assembled main stage engine system

will occur at the first static firing of the main stage as discussed in a subsequent
paragraph.

The TVC system for the multichamber/plug engine system consists of actuators
which gimbal the different engine chambers to provide the lateral thrust vector.

The lateral reactions from this type of system can be analytically determined with
reasonable accuracy. The toroidal/aerospike engine system, however, will use
injection of liquid oxygen about the base of the plug to provide the necessary lateral
force. This type of engine system is dependent upon specific configuration layouts
and is sensitive to altitude effects. Anticipsated lateral reactions as a function of
injectant flow are difficult to determine analytically for the overall flight regi.

As nc test facility is provided for conducting tests of the full scale engine system and
its associated TVC (and in particular over the altitude range that will be encountered
in flight) the first operational test of the thrust vector control system will be in
conjunction with the first R&D flight test. Design of these systems therefore must

rely on extensive model tests and analytical studies to assure successful operation
during the initial flight test.

The SRM stage development and qualification tests will consist of ten firings of the
full size solid rocket motor. Four of these firings will be for development of the
solid rocket motor and the remaining six for qualification. Three of these latter
tests will also incorporate the additional hardware elements that will make up the
solid rocket motor stage, i.e., forward and aft attachment hardware, destruct

~_system;-instrumentation, etc. The SRM TVC system will be on each of the ten

motors tested such that its development and qualification will be accomplished
concurrent with the firing tests. These SRM tests will be accomplished using the
facilities, tooling and equipment to be provided for the follow-on production phase

and will not, therefore, require additional resources other than manpower, material
and instrumentation.

In accordance with current test philosophy, two R&D flight vehicles will be required
in the development test program. By ground rules, the R&D flight configuration

will be the maximum size configuration anticipated for the program, i.e., the main
stage plus the three module injection stage plus a full complement of strap-on stages.
The liquid stages for these flight vehicles will be static tested prior to flight. The
resource requirements for the first static firing and flight test were assumed to be
equivalent to those of the first production unit for cost estimating (Considering the
learning curve effects, the first operational vehicle will then be the third unit down
the learning curve, i.e., the two R&D flight tests being the first two units).




1.2 (Continued)

Certain other tests will be required to develop and qualify the ground support
equipment and the launch vehicle ground support equipment (LVGSE). The resource
requirements for these tests were attributed to the cost of procuring this hardware.

The total time span of the R&D program (from authorization to proceed through
launch of the 2nd R&D flight test) will cover a period of 8 1/2 years.

1.3 MANUFACTURING PLAN

The manufacturing plans for the main stage, injection stage and SRM strap-on stage
attachment hardware were developed in detail in order to define resource requirements.
In addition to data for these elements which will be fabricated and assembled at the Mfg.
Facility, detail data for purchased items (main and injection stage liquid engines and

solid rocket motors) were supplied by Pratt and Whitney, Rocketdyne, and Aerojet
General Corporation.

The plans are, where practicable, an extrapolation of fabrication techniques deve-
loped for the S-IC stage. The plans describe the fabrication and assembly of
components, sub-assemblies, systems and final assembly of each stage.

"Procedures for fabrication and assembly are presented for each major structural
component, and finally, for assembly of these components into a complete stage.
Included are tooling lists and pictures, capital equipment lists and facilities
requirements in terms of square footage., iictorial flow sequences of assembly
operations from sub-assemhly through final assembly are presented, Table 1,3,0,0~I
summarizes resource requirements, 'B'' category estimates are not included as

this summary is concerned with ''get ready' and operating costs for manufacturing,
transportation and launch,

1.3.1 Main Stage ‘

The main stage structure is composed of six major sub-assemblies; the inter-
changeable forward skirt, LOX tank, LH, tank, thrust structure, base plug and
tunnels. The fabrication and assembly sgqu'ence is essentially the same for both
versions of the interchangeable forward skirt assemblies. Main stage systems
include the propulsion/mechanical, electrical/electronics, instrumentation and
flight control systems. The main stage engines are received from the propulsion
contractor as a sub-assembly, tested and installed onto the main stage assembly.

Figures 1.3. 1.' 0-1 and 1.3.1.0-2 summarize the main stage manufacturing plan
by showing the final assembly sequence and the flow through the manufacturing
facility.

The estimates provided to Finance for costing and summarized in Table 1.3.1.0-1
included:
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TABLE 1.3.0.0-1 MANUFACTURING RESOURCE REQUIREMENTS SUMMARY - AMLLV AND MLLV

MAIN STAGE

1/S - ENGINE MODULE 1/S - FUEL MODULE SRM STAGE
e ne -
CATEGORY "A" &"C AMLLV MLLV AMLLV MLLV AMLLYV MLLV AMLLY MLLV
1) 15,775,723
MANUFACTURING MANHOURS (1) 23,992,081 | ( ,775,72 -
(NON-RECURRING) 4,749,580 1. 3,125,479 (SAME FOR 1, 2 OR 3 MODULES) 3,277,000 3,105, 000
i (2)25,620,245 | (2)!16, 801,642
MANUFACTURING MANHOURS (1) 2,309,842 | (1) 1,992,865 ‘
N G ou 486,201 382,852 (3) 313,551 (3) 230,810 379,168 310,000
(RECURRING) )
(2) 2,473, 365 (2) 2,096, 363 J
. . (1) $33,105,108 K1)$27,987,570
MANU“; :gmeiNhé-‘)‘“*‘“w $2, 047,000 $1,520, 000 $1,114, 000 $848, 000 $7,120,940 85,537,314
URR (2) $33, 342,622 [2)$28,128,191
~MFG. MTLS. - (NON-RECURRING) $8,363,173 $5, 051,358 $1, 003,580 $1, 003,580 $3, 079, 000 $2, 920,000
: 550,774
4 (1) $29,942,050 [(1)$21,957,865 $61,480,132  (*) $44,550,
N (2) $31,533,640 [2)$22,960,567 *THESE DOLLARS INCLUDE
SRM TOOLING MATERIAL 4
TOOLING MANHOURS (4 (1) 14,320,976 [(1) 9,407,795 . AND TOOLING MANHOUR
(N’ON-RECURRING) . 3,141,774 2,033,265 ——is T COSTS
(2) 15,230,456 [(2) 9,980,768
CAPITAL EQUIPMENT
(NON-RECURRING) $48,822,000 $46, 346,000 $12,260, 000 $15,449, 000 — .
CAPITAL EQUIPMENT
(RECURRING) $2,203, 000 $2, 089, 000 $736, 000 $700, 000 — —_—
FACILITIES (NON-RECURRING) $113,324,000 $102,431, 000 $37,781, 000 $34, 144, 000 —_— — (5) 873,381,000 (5)%50, 504,000
FACILITIES (RECURRING) '$5,941, 000 $5,67¢2,000 $1,975, 000 $1,893,000 —_— —_— 1 $7,933, 000 '$6,304, 000
ENGINE FACILITY
ENGINE FACILITY' (RECURRING) $1,795, 000 $1,795, 000 —_— —_—

NOTES:

(1) STANDARD FORWARD SKIRT
2) ALTERNATE FORWARD SKIRT

(3) INCLUDES ENGINE MODULE - 2 ENGINES W/SYSTEMS COSTS PRORATED

(4). INCLUDES MGSE
(5} INCLUDES EQUIPMENT COSTS




1. MOVE FORWARD SKIRT TO
PROPELLANT TANK ASSEMBLY
STATION

o

2. LIFT FORWARD SKIRT OFF
TRANSPORTATION DOLLY

BAARNANY

3. POSITION AND ASSEMBLE

FORWARD SKIRT ONTO ' . :
» 4. MOVE ASSEMBLY TO HYDRO-
PROPELLANT TANK ASSEMBLY STATIC TEST TANK FACILITY

5, POSITION TANK INTO HYDRO-
STATIC TEST FACILITY

 FIGURE 1.3.1.0-1 COMPLETE MANUFACTURING SEQUENCE, ADVANCED MULTIPURPOSE
| 'LARGE LAUNCH VEHICLE. (SHEET 1 OF 3) L

12

i -



TCLTEE |

Ty :

)

ANNN

7. MOVE AFT SKIRT ASSEMBLY
TO PROPELLANT TANK
ASSEMBLY STATION

INNNNAN

6. CLEAN AND HYDROSTATIC
TEST TANKS

. POSITION AFT SKIRT IN
’ ASSEMBLY TOWER 9. REMOVE PROPELLANT TANK

ASSEMBLY FROM HYDROSTATIC
TEST FACILITY

AAA

/)

A/

\
AN
\/

10, TRANSPORT PROPELLANT
TANK FROM HYDROSTATIC

TOWER TO TANK ASSEMBLY ©11. POSITION PROPELLANT TANK
STATION ON AFT SKIRT ASSEMBLY
AND MECHANICALLY FASTEN

. FIGURE 1.3.1.0-1 (SHEET 2 OF 3)
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13, STAGE NESTLED ON TRANSPORTER

P

15, ATTACH CENTER BODY PLUG
TO TUBULAR TRUSSWORK

14, ASSEMBLE TUBULAR TRUSSWORK }
TO AFT SKIRT ‘ -

16. INSTALL ENGINES AND

ACCESSORIES

FIGURE 1.3.1,0-1 (SHEET 3OF 3)
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1. FINAL ASSEMBLY POSITION 4 HYDROSTATIC TEST

ST

2 TANK ASSEMBLY POSITION 5 HORIZONTAL ASSY AND PICK-UP
3 TANK ASSEMBLY POSITION POSITION
- 2100% - .i
. 2
) RAW MATERIAL
PRODUCTION CONTROL RECEIVING STORAGE' SHIPPING O
INJECTIO
STAGE
’ -3,
NON- B J s> Y} @)
PEsuct | sToRes: Vgl TORUS
TORUS TANK GORES | S ASSY WD
| b ' ! $ SKIRT
4 ' I
j SKIN PANEL Ui O 1’
| 4 FABRICATION =
[PETAIL SKIN.PANEL ASSY
1400° : FAB| s AFPY
| — il SKIRT
TOOL . LK
MAINT. { SKIN PANEL Yy O
[COMPONENT FABRICATION =
TEST |- _ ~ , SKIN PANEL ASSY
: (gr\ CENTER-
EQUIP, , WELDING | BODY
MAINT. L @-—— AND —— PLUG
BULKHEAD . BRAZING
[\‘GORE§. '
ELECT - '
FAB [ — ‘ GORE-TO-GORE BHD ‘ @
_ WELDING ASSY
T o ||L
SUB-SYSTEM PLANT l O PAINT |¢
| TEST -
o SERVICES | 4eaT | cHEmiCAL' | MAJOR: [ BONDING SHOP ©) ®
1 ' TREAT| CLEAN | CLEAN AREA

NOTE: This layout based upon conceptual layout developed by Huntsville Facilities :
Organization. . I
[ .

FIGURE 1.3,.1.0-2 MAIN STAGE AND INJECTION STAGE MANUFACTURING FACILITY
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TABLE 1. 3.1.0-I Main Stage Manufacturing Resource Requirements

Summary
AMLLV MLLV
Standard Alternate Multic;hamber/ Standard Alternate Multichamber/
Forward Forward Plug Engine Forward Forward Plug Engine
Item skirt Skirt Cluster skirt skirt Cluster
"A" CATEGORY ¥$111, 200, 000 *$ 78,300, 000
Tool Manpower 14, 320, 976 15, 230, 456 9, 407, 795 9, 980, 768
M/H M/H M/H M/H

Tool Materials $ 29,942,050 | $ 31,533,640 $ 21,957,8651% 21,957, 865
Facilities and $162, 150, 000 | $162, 150, 000 $148, 777, 000 | $148, 777, 000

Equipment ‘

"C" CATEGORY
**$ 71,100, 000 *x$ 50,800, 000
: 1st Unit 1st Unit

Manufacturi ng 2,309,082 | 2,473,365 | (24 Modules 1,992, 865 2,096,163 | (24 Modules
Manpower M/H . M/H per Unit) M/H M/H per Cluster)
Vehicle Materials|$ 33,105,108 | $ 33, 342, 622 $ 27,987,570|$ 28,128,391
Facility and $ 8,~141, 000 | $ 8,141,000 $ 7,776,0001$ 7,776,000

Equipment Per Year Per Year Per Year Per Year

Maintenance

* TOTAL "A" COSTS
** TOTAL "C" COSTS

PR
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1.3.1 (Continued)

a. "A" Category estimates for tool fabrication, erection and checkout manhours,
tool materials and facilities. "

b. "B" Category estimates for R&D test vehicle specimen costs (included in
resource requirements for R&D test plan).

c. "C" Category estimates for stage materials, manufacturing manpower and
facility maintenance.

The main stage engines were treated as purchased items. Either multichamber plug
or toroidal/aerospike engines can be used on the main stage. The multichamber
plug engine was selected for the baseline vehicle and estimates for "A' and "C"
costs are summarized in Table 1.3.1.0-I. A subsequent paragraph will discuss the
engines and other program options.

1.3.2 Injection Stage

There are three possible configurations of the injection stage. The smallest is an
engine wafer with two engines; this stage is used with the main stage without any
SRM strap-on stages. The next larger size is a engine wafer with four engines and

a fuel module to supply additional propellants. The largest configuration has six
engines installed on the lower module and two fuel modules for additional propellants.
The manufacturing plan prepared for the injection stage applies to all possible ,
combinations of modules. The plan shown is for the six engine version of the engine
module. Four and two engine versions are manufactured with the same basic tools,
with engines and other system items omitted as required in final assembly.

Fuel modules which supply additional tankage for the four and six engine modules
are identical, except for omission of the thrust posts and heat shield. In addition
to the above changes, the fuel tank pressurization system is installed in the engine
module and the propellant manifolds are replaced by interconnect lines to the fuel
module tanks. The manufacturing pian is summarized in Figures 1.3.2.0-1 and -2,

Flow through the manufacturing facility is shown in Figure 1.3.1.0-2, demonstrating

that the main stage facility is shared. Resource requirements are summarized
in Table 1.3.2,0-I.

The cost data for the injection stage engines was supplied by Pratt and Whitney
Aircraft. The MLLV engine develops 125, 000 pounds of thrust and the AMLLV
engine 250,000 pounds. The "C" costs shown in Table 1,3.2.0-I are for the six
engine version, thereby taking advantage of the learning curve effect on the produc-
tion rate. Unit costs would increase with a production rate of less than 12 engines
per year. Cost analysis was based upon two vehicles per year .
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FORMING MACHINING HEAT TREAT MACHINING RING SEG. TORUS TANKS
(FORGING) | E |
~ THRUST POST N.C. MACHINING THRUST POST

|
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/_’ %—”@*9 T ‘H‘
DETAILS INT. RING . STORAGE INT. RING l M
. SEGMENT SEGMENTS |
INJECTION
STAGE
—f ———
SKIN PANEL SKIN PANEL
ASSY STORAGE ASSY

FIGURE 1.3.2.0-1 FINAL ASSEMBLY SEQUENCE
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TABLE 1.3.2.0-1 Injection Stage Manufacturing Resource
Requirements Summary

Engine Module

Engine Module

Engine Module

Fuel
Designed for Designed for Designed for .
~ ltem 2 Engines (1) | 4 Engines(2) | 6 Engines (3) Module Engines
|[AMLLV
NMA" CATEGORY . $ 60, 200, 000
Tool Manpower 3,141,774 These tools build
: M/H all modules of
Tool Material $ 6,045, 786 the AMLLYV injection
Facilities & Equipment $54, 050, 000 stage. AMLLV
P N TOTALS
"C'"" CATEGORY
Manufacturing Manpower 486, 201 534, 997. 643, 726 264, 740 $ 10, 850, 000
' M/H M/H M/H M/H 1st Vehicle
Vehicle Materials $ 2,046, 549 $2, 392, 470 $2,738,286 | $ 794,711 6 Engines
MLLV $ 41, 500, 000
"A" CATEGORY -
Tool Manpower 2,033, 265 These tools build
M/H -~ all modules of
Tool Materials $ 4,180,188 * the MLLV injection MLLV
Facilities & Equipment $ 49, 593, 000 stage. ‘TOTALS
-
"C" CATEGORY
Manufacturing Manpower 382, 852 431, 648 540, 377 182, 014 $ 7,590,000
‘ M/H M/H M/H M/H 1st Vehicle
Vehicle Materials $ 1,519,192 $1, 680,238 $2, 140, 911 511, 602 6 Engines

(1) For Single Module Injection Stage"
(2) For Two Module Injection Stage
(3) For Three Module Injection Stage
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1.3.3 Solid Rocket Motor Strap-On Stage

The sequential flow of the 260" SRM strap-on stage is shown in Figure 1.3.3.0-1.
The structural assemblies consisting of the nose cone, forward skirt, aft skirt and
attachment fittings will be fabricated at the main stage Mfg. facility and sent to the
SRM contractors facility for assembly to the solid rocket metor. The remaining
stage components and all facilities and equipment necessary for stage assembly,
handling and transportation (accomplished by the SRM contractor) are included in

the Aerojet General Corporation cost estimates. The manufactu: {ng operations
are summarized in Figure 1.3.3.0-2.

The estimates, prepared at Michoud for the structural assemblies, were prepared
to the same level as those for the main and injection stage structure. In general,
the Aerojet estimates are in the "A" and "C" categories but not to the same level of

detail. The manufacturing resource requirements for the 260" SRM strap-on stage
are summarized in Table 1.3.3.0-I.

1.4 TRANSPORTATION PLAN

Transportation of the main and injection stages resolves into two modes. Pneumatic“
tire units will be utilized within the confines of the manufacturing facility. Towed
barges will be used to transport the stages to the launch facility. (Table 1.4.0,0-1.)

No land transportation of the SRM stage is required, as it is lifted directly from

the casting pit and placed aboard the towed barge used to transport it to the launch
facility.

At the launch facility all stages are lifted directly off their barges and placed in the
selected location by a large traveling gantry hoist; therefore, no additional trans-
portation equipment is required.

1.5 LAUNCH OPERATIONS PLAN

Launch of baseline study vehicles AMLLV or MLLV with SRM strap-on stages will
require complete new facilities and operational procedures. A fixed, rather than

a mobile system as used for the Saturn V, was selected. The launch pad will serve
as the static firing stand for main and injection stages, the refurbishment facility,
the vertical assembly and checkout facility and finally the launch pad.

The load lifting and transport concept is similar to the traveling gantry cranes used
in shipyards. The gantry uses roll ramp actuators for hoisting its cross head to
which the load is attached, and the tra‘veling feature is accomplished by wheeled
trucks on rails under each leg.

The general facility layout is shown in Figure 1.5.9.0-1.
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FWD SKIRT

AFT SKIRT

NOSE CONE

SRM
CONTRACTOR

® ASSEMBLE STAGE
®LOAD PROPELLANT =
® TEST & CHECKOUT

MFG. FACILITY

—

260" SRM
HARDWARE

SUBCONTRACTORS
FACILITIES

CAPE KENNEDY

®RECEIVING INSPECTION
@ STORAGE

® TO LAUNCH PAD FOR
VEHICLE ASSEMBLY

FIGURE 1.3.3.0-1 SRM STRAP-ON STAGE SEQUENTIAL FLOW
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FIGURE 1.3.3.0-2 SRM STRAP-ON STAGE MANUFACTURING OPERATIONS




TABLE 1. 3. 3. 0-I SRM Strap-On Stage Manufacturing Resource Requirements

Summary
VEHICLE AMLLV ~ _MLLV
LOCATION MFG, FACIVITY SRM FACILITY |MFG. FACILITY] SRM FACILITY.
"A" CATEGORY
Tool Manpower 1, 095, 504 ) 1, 055, 871 @
Tool Material $1, 917,132 $58, 801, 000 $1, 847, 744 $41, 941, 000
Facilities and Equipment $5, 624, 000 $68, 429, 000 $5, 504, 000 $45, 862, 000
"C" CATEGORY ®
Manufacturing Manpower 109, 000 ® 87, 200 ®
20 Vehicle Materials $1, 218, 040 $ 7,725, 000 $1,115, 314 $6, 102, 000
Facility and Equipment $ 208,000 $ 202,000
 Maintenance Per Year Per Year

8 Included in Tool Material Estimate
, Estimates are for the First Stage ("C' Costs)
@ Included in recurring SRM Stage Estimate

orae s gEs,
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TABLE 1.4.0.0-I TRANSPORTATION RESOURCE REQUIREMENTS SUMMARY

AMLLV MLLV
ITEM SRM SRM
"MAIN INJECTION STRAP-ON MAIN INJECTION STRAP-ON

"A" CATEGORY

Land Transporters | $2,394,000 | $1,541,000 -0- $2,155,000 | $1,387,000 -0-

Tow Vehicle $82, 000 $82, 000 -0- . $82, 000 $82, 000 -0-

' Barges $4,619,000 | $2,592,000 $26, 000, 000 $4,157,000 | $2,333, 000 $18, 000, 000

"C'" CATEGORY * $176, 000** $176, CO0**

Land Transporter

and Tow Vehicle $4, 000 $3,000 $4, 000 $3, 000

Maintenance

Barge Maintenance $45, 000 $20, 000 $45, 000 $20, 000

Barge Towing :

Service $35, 000 $16, 000 $35,000 $16, 000

* Estimates are for each stage.

** Estimate supplied by Aerojet and includes all transportation requirements for each

SRM strap-on stage.




LOX DUMP

TANK & FLARE STACK

LH, DISPOSAL CATCH

LOX BARGE DOCK

DE CAUSEWAY

LH, BARGE DOCK

—

- 100 FT. Wi

BARGE CANAL

STAGE BARGE HOLDING

OR COMM.

AND CONTROL CABLE :

UNNEL F

/_/)/‘./'

CHECKOUT STORAGE

TESTING AND

\-snce ACCEPTANCE

WELDING, MACH. SHOP

SHEET METAL,

LAUNCH CONTROL—\

TEST CONTROL AND

Rien-n e

‘I."?@.tff‘ e

26

RN

AV -5840-7

FIGURE 1.5.0.0-1 AMLLV AND MLLV GENERAL FACILITY LAYOUT



Ty

i

[T

r

1.5 (Co.’ .inued)

Detailed sequential flow plans were prepared for all launch site operations. They were
broken down to the level necessary to define the equipment, determine man loading

and establish scheduling. Figure 1.5.0.0-2 summarizes the launch complex activities.
The resource requirements are summarized in Table 1.5.0.0-I.

1.6 SCHEDULE PLAN

Timelines and/or schedules were developed for all the previously discussed plans
(design through launch). These schedules are discussed in detaii in Section
8.0,and are summarized in Figure 1.0.0,0-2, preceeding,

1.7 PROGRAM OPTIONS

The plans and resource requirements summarized in the preceeding paragraphs
were based on a selected configuration concept. The main stage was equipped with
a multichamber/plug engine system. Either multichamber/plug or toroidal/
aerospike engines can be used on the stage.

NOTE: Engine Costs are based on data as provided by Rocketdyne for the
toroidal/aerospike and by Pratt and Whitney for the multichamber/
plug respectively. It is not certain whether the data as provided
was developed on exactly the same basis. Therefore, any compari-
sons are of a general nature, and are not necessarily indicative of
actual system differences.

a. The Pratt and Whitney cost data for the muitichamber/plug engines (AMLLV
and MLLV) is arranged in "A", '"B" and "C" cost categories, but is not to
the depth shown for the stage structures and systems. Table 1.7.0.0-I
summarizes the program costs.

b. The toroidal/aerospike engine cost data has been prepared for several concepts.
Two concepts are for the MLLV, both having 1200 PSIA chamber pressure, one
of which is based on using J-2S turbo-machinery, and the other uses new
turbo-machinery.

Three concepts are for 2000 PSIA chamber pressure engines using new turbo-
machinery. Two concepts are for the AMLLV, the first of which has a million
pound thrust module and the second a two million pound thrust module. The
third concept is for the MLLV, and has a million pound thrust mc:u:le.

The cost data for the AMLLYV is summarized in Table 1.7.0.0-II and the MLLV
data in Table 1.7.0.0-III.

27




8%

AMLLV/MLLV
PROCESSING
FLOW PLAN
LAUNCH FACILITY

STAGE(S) & COM-
PONENT RECEIPT,
ASSEMBLY, '‘AND
C/0 OPERATIONS

STAGE(S)

=1 STATIC FIRING

OPERATIONS

STAGE (S)
REFURBISHMENT
OPERATIONS

LAUNCH
OPERATIONS

LAUNCH FACILITY
=>1POST LAUNCH
REFURB. OPERAT.

FIGURE 1.5.0.0-2 . MASTER CHART, LAUNCH COMPLEX ACTIVITIES



66

TABLE 1.5.0.0-I LAUNCH RESOURCE REQUIREMENTS SUMMARY

ITEM

"A" CATEGORY
Brick & Mortar
.Equipment
Totals
"C'" CATEGORY
Engineering
Non-Engineering

AMLLV MLLV
SINGLE - STAGE - MAXIMUM SINGLE - STAGE - MAXIMUM
TO - ORBIT (1) VEHICLE (2) TO - ORBIT (1) VEHICLE (2)
$137,900,000 $539,709,000 $ 54,400,000 $496,783,000
$ 70,000,000 $149, 334,000 $ 68,000,000 $149,334.000
$207, 900,000 $689,043,000 $122,400,000 $646,117,000

1,249,000 M/H
19,191,000 M/H
$ 8,750,000

1,540,000 M/H
23,573,000 M/H

1,195,000 M/H
18,296,000 M/H

1,450,000 M/H
22,191,000 M/H

Facility Maintenance '$ 9,900,000 $ 8,750,000 $ 9,900,000
Expendibles $ 4,905,000 $ 6,540,000 $ 2,452,875 $ 3,270,500
‘ NOTES:

(1) The single-stage- to-orbitconfiguration is launched from launch complex 39
modified as required for the AMLLV and MLLV vehicles.

(2) The maximum vehicle is a main stage, 3 module injection stage and the maximum

number of SRM strap-on stages (8 for the MLLV and 12 for the AMLLV) which
requires the construction of a new complex,




TABLE 1.7.0.0-1 Multichamber/Plug Engine Cost Summary

CATEGORY COST ITEM AMLLV MLLV
Engineering $ 37. 5M $ 26.4M
Equipment 1.3M 1.0M
Tooling (Basic) 13.2M 9. 2M
"A" COSTS Subtotal $°52. 0M $ 36.6M
Production
Tooling (Basic) $ 32, 9M $ 23.1M
Equipment 9. M 7. 0OM
GSE 16. 5M 11.6M
Subtotal $ 59.2M $ 41. ™
Total $111.2M $ 78.3M
w
Engineering $143.2M $100. 8M
Test 54, OM 38. OM
Equipment 15.2M 10. 8M
'"B'"" COSTS Tooling (Basic) 11.5M 8. 1M
Fabrication 154. 9M 109. OM
Subtotal $378. 8M $266., TM
Oxygen Fuel $ 30.2M $ 15.5M
Hydrogen Fuel 83. 9IM 43.2M
Subtotal $114.1M $ 58.8M
TOTAL $604.1M $403. 8M
NON-RECURRING
W
Engineering $ 3.4M $ 2.4M
Test 4, 6M 3. 3M
"C" COSTS Tooling (Maint, ) 5, 2M - 3.
Fabrication 57. 9M 41.4M
18T VEHICLE $ 71.1M $ 50, 8M
RECURRING ,
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TABLE 1.7.0.0- AMLLYV - Toroidal/Aerospike Engine Cost Summary

CHAMBER PRESSURE

2000 PSI

2000 PsI

MODULE THRUST (LBS)

1000 K

2000 K

HCH

Production

Engineering
Test

Tooling (Maintenance)

Fabrication

Total Per Module

Engineering
Test

Tooling (Maintenance)

Fabrication

Total Per Module

$ .15
.18

.26

2, 51

$ 3.10

60th Unit

$ .09
.11

.17
1.55

$ 1.92

CATEGORY COST ITEM DOLLARS IN MILLIONS
Design and Development
"AM Engineering $ 43,2 $ 50.5
Test 11,2 13.0
+ Equipment 16. 4 21.1
"B" Tooling (Basic) 7.0 16.0
Fabrication 55.0 89. 9
Subtotal $132. 8 $184. 5
Production
Tooling (Basic) - $ 4.0 $ 6.0
Equipment 3.0 3¢ 5
GSE 4,5 6. 0
Subtotal $ 11.5 $ 15.5
Total
Non-Recurring $144. 3* $200, 0*

W

First Unit
$ .25
.30

.42

4,09

£ 5.06

30th Unit

$ .17
.21

.30
2.75

$ 3,43

* Propellants for the R&D Test Program were assumed to be Government furnished
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TABLE 1.7.0.0-I MLLYV - Toroidal/Aerospike Engine Cost Summary

CHAMBER PRESSURE

1200 PSI 2000 PSI
MODULE THRUST (LBS) 286K* 1000K 1000K
CATEGORY COST ITEM DOLLARS IN MILLIONS
Engineering $ 5.7 $ 7.5
Equipment 2 o5 Included in
"B"
Tooling (Basic) 2,0 3. 0
HAM Subtotal $ 7.9 $ 11.0
PRODUCTION
Tooling (Basic) $ 5.0 $ 4.0 |$ 4.0
Equipment 1.5 2.5 3.0
GSE 2.5 4.0 4,5
Subtotal $ 9.0 $ 10.5 |$ 11.5
‘Total $16.9 $ 21.5 |$ 11.5
Engineering $24.5 $ 37.8 |$ 43.2
Test 7.1 10.1 11.2
"B" Equipment 2,2 16.1 16.4
Tooling (Basic) 3.5 6. 0 7.0
Fabrication 20. 3 51.9 58.0
Subtotal $57. 6 $121.9 1$135.8
Total $74.5 $143.4 $147. 3
Non-Recurring - - T
PRODUCTION First Unit | First Unit | First Unit
Engineering $ .06 $ .14 [$ .15
Test. . .08 <17 .18
Tooling (Maintenance) .09 .24 « 27
Fabrication 1.01 2. 36 2. 64
nce Total Per Module $ 1.24 $ 2.91 |$ 3.24
| 100th Unit (30th Unit 30th Unit
Engineering $ .04 $ .09 ($ .10
Test . 05 e ll ' . 12
Tooling (Maintenance) . 61 1. 59 1.78
Total Per Module $ .75 $ 1.95 |$ 2.18

* Uses J-2S Turbo-Machinery
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2.0 GUIDELINES AND ASSUMPTIONS

The guidelines and assumptions for this study were developed from the contractual
requirements, the previous AMLLV study (NAS2- 49(9) and applicable data from
previous and current studies. Where special cifcumstances dictated an arbitrary

assumption, The Boeing Company and the NASA technical monitor concurred on 2
suitable guideline.

a. General

1,

The resource plans were based on current Saturn V philosophies to the

maximum extent possible. No attempt was made to tailor the program
for cost optimization.

A facility checkout vehicle will be provided that can be used to check out
the facilities, GSE and tooling required for fabrication, test and launch,

"Cost estimates were based on 1968 dollars without application of infla-

tionary factors.

Where possible, the cosi estimates were based on direct costs with
burden costs added as a separate item.

b. Engineering Design

Ofifice space at the Michoud Complex will be considered adequate to house
the engineering staif for the research and design effort required for either
the AMLLV or MLLV programs. Also, adequate engineering laboratories
with support facilities presently exist, so that no new facilities will be
needed to support engineering design.

Ce Testing

1.

2,

The vehicles will be manrated. The necessary combination of ground
and flight testing was established to achieve this result.

The development test program for either the AMLLV or the MLLV will
each provide for two unmanned flight tests of the maximum size configu-

ration in the selected vehicle family.

Engine module acceptance test firing and trim by engine contract will be
required.

Present NASA/MSFC and KSC philosophies will be continued.

A dynamic test will be included in each program (either AMLLV or MLLV)
for the maximum size vehicle (strap-ons will be simulated).
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6.

7. Static test firing will be required for final acceptance of the main stage
and injection stage.

8. Static test firing will be conducted on the launch pad.

9. Maximum utilization will be made of existing government and industry
ground test facilities and test equipment.

10, Early development testing will be limited to testing in existing facilities.

Manufacturing

1. The prrduction rate will be limited to 2 flight vehicles per year.

2, All stages will be built adjacent to a navigable body of water,

3. Main stages and injection stages will be fabricated at the NASA Michoud
site (or its equivalent located on a navigable waterway) in a new factory
building.

4,

Development testing of the main stage and injection stage will be con-

ducted in new dynamic and structural test facilities constructed adjacent

to the factory building.

SRM stages will be assembled at the Aerojet General Facility in Dade
County, Florida.

Transportation and Handling

1. Assembled stages will be transported from the manufacturing facility to
the launch facility by water.

2, Main stages will be transported in a horizontal attifude.

3. SRM stages will be transported in a4 horizontal attitude.

4, Payload will be transported by water in either a horizontal or vertical
aititude, depending on size and clearance problems.

Launch

1., Operational launches will be evenly spaced with one launch every six
months.

2. The launch sife will be in the vicinity of Cape Kennedy to utilize the

available facilities, support equipment, personnel, and existing
tracking networks,
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2,0 (Continued)

3. Although the acoustic siting criteria indicate that an of '-shore site ic

5* required, an on-shore cite will be used to provide credibility to facility,
e equipment, tooling and cost requirements.
F . . . . . .
i 4, Mating of SRM and injection stages to the main stage will be at launch
. site,
P 5. Siting of launch pads will be based upon 20 percent (TNT equivalency)
s yield of solids when mounted on fueled core, with €0 percent (TNT equiva-
" lency) yield of LHy/LOX.
6. The vehicle, supported in the launch stand at its holddown points, must
B kc capable of withstanding a hurricane, but not necessarily without
braces or tie downs (i.e., not self -supporting under hurricane condi-
3 tions.)
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3.0 DESIGN PLAN

This design plan was developed to define the engineering requirements for initial
design, R&D support and sustaining engineering during production and launch. The

plan was based on past experience with similar plans and estimates, and on historical

data from the S-IC and Saturn V programs. This plan is applicable to both the
AMLLYV and MLLV vehicle families.

The design plan was prepared assuming that the design of the main stage, injection
stage and solid rocket motor (SRM) stages will proceed in parallel.

Using the conceptual designs of the AMLLV and MLLV vehicle families and S-IC

historical engineering design records, schedules, a design plan and manpower
estimates were prepared. The manpower estimates were then used to develop
engineering design costs.

Paragraph 3.1 presents a description of program phases and the engineering
schedule. Paragraph 3.2 reviews desigh resource requirements for manpower,
equipment and facilities.

This Design Plan is for the launch vehicle only and does not include tool, GSE
and facility design requirements. These requirements are shown as they are
applicable, in the subsequent Test, Manufacturing, Transportation and Launch plans.

Engineering design resource requirements applicable to the R&D program are
not shown in this Design Plan resource requirements, but are shown in the
resource requirements for the Development and Test plan.

3.1 DESIGN PLAN DESCRIPTION

The engineering design sequential plans for the full size (AMLLYV) and the half size
(MLLYV) vehicles were based on compliance with the NASA Policy Directive, NPD
7121.1, Phased Project Planning, dated October 28, 1965. This policy directive
defines the four project phases. Figure 3.1.0.0-1 defines these phases and their
outputs in a surnmary form. ' '

This Design Plan was prepared for Phases C and D. The time span of the Design
Plan, exclusive of sustaining eungineering, will be 8-1/2 years, starting 6 months
after the end of Phase B and ending with completion of the R&D program.

The Phase C design activity will refine the preliminary design and specifications
prepared in the earlier Phase B activity, The Phase C design activity will provide
working drawings to manufacture test articles, monitor the R&D tests, and will
provide the final design. Results from the R&D test program will indicate the
changes that must be made in the design; therefore, the design activity cannot

be considered to be complete until after completion of all R&D testing. Phase C
will be completed upon release of final drawings and specifications for Phase D
procurement,or production articles for the operational program.
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3.1 (Continued)

The initial Phase D activity will: 1) provide the facilities, tooling and equipment;

2) manufacture the test articles and 3) conduct the R&D tests. The Phase D produc-
tion program will phase into the latter portion of the R&D program. Phases C and
D, by definition, must overlap.

The engineering design functions consist of:

a, Initial design, monitoring of the R&D program and final design (non-
recurring activity);

b. Sustaining engineering during the production program (recurring activity).

Initial design will be the analysis and drawing activity required to describe the basic
concept. At the end of this activity, the design is considered to be 90 percent com-
plete. All drawings will have been released. Many changes, however, will be made
as a result of R&D test results and also to incorporate desirable improvements,
Engineering design support of the R&D program will consist of determining test re-
Juirements, monitoring the test activities, analyzing the results, and revising the
design.

The sustaining design engineering activity will consist of incorporating those changes
required in the design to allow for improvements, variation in number and type of
measurements and changes required for different types of missions,

Figure 3.1,0.0-2 shows the engineering schedule, This schedule is applicable to both

the AMLLV and MLLYV programs, The release dates are programmed to match the
manufacturing requirements for data.

3.2  RESOURCE IMPLICATIONS

Discussion of resource requirements for engineering design activity is limited to
manpower requirements. Adequate facilities and equipment are considered to be
available at the Michoud site where the manufacturing operations could be based,

Engineering design manpower does not appear to be proportional to vehicle size or
weight, as shown by comparison of the engineering design manhours required for the
half size (MLLV) vehicle configuration with those required for the full size (AMLLYV)
vehicle configuration. Complexity and quantity of vehicle systems appears to be the
parameter that determines the required design effort. Estimates of stage complexity
can be made by comparing system operational life, number of systems, effects of a
system failure and number of functions performed by the system and by determining
whether its design is, or is not, within the present state-of-the-art.
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3.2.1 Manhours for Design Activity (Inputs for Category "A' Get Ready Costs) .

Using the S-IC stage design maanhours as a basis, estimates were prepared for the
main stages and injection stages of the two study vehicles. Table 3.2.1.0-I is a
summary of the engineering manhours for the design task. The following notes
(referenced in Table 3.2.1.0-I) explain how the manhours were estimated.

l.  S-IC records did not record the design manhours for the individual struc-
tural systems. It is believed system compglexity is reflected in the re-
quired manufacturing manhours. Design manhours attributed to the
individual S-IC structural elements were therefore determined by a ratio
of the manufacturing manhours required for the individual structural
element to the total manufacturing manhours required for the S-IC stage
for Saturn V vehicle No. 10.

2, The standard (lightweight) forward skirt for the MLLV will be similar to
that of the S-IC, therefore, a small allowance was made for the effect
of size and for the addition of the holddown fittings.

3. An allowance was made for the effect of maximum obtainable sheet stock.
More joints will be required for the AMLLYV forward skirt than for the
MLLYV forward skirt.

4, The injection stage skirt will also serve as the thrust structure (item 7
below) when thrust posts are added. A total of 150,000 manhours was
estimated for design of the load carrying structure,which will be more
complex than the S-IC forward skirt and less complex than the S-IC
thrust structure.

5. The injection stage fuel module will be similar to the injection stage engine
module, but will not contain the propulsion and mechanical, electrical/
electronic, instrumentation and flight control subsystems. The purpose ¢i
the fuel module will be to provide additional propellant tankage. Provisions
in the form of propellant tunnels between the fuel and engine module will
be designed. (The engines will always be attached to the engine module so
that the module must be designed for the maximum (six engine) propulsion
system.) 45,000 design manhours will be required to adapt the engine module
component designs into the fuel module design.

6. The main stage thrust structure design task should be less difficult than
that for the S~-IC. Much of the engineering effort on the S-IC stage was
involved with the heat shield. In this case, the center plug will take
the place of a heat shield; therefore, the design hours were reduced by
approximately 25 percent. 5,000 manhours were added for the AMLLV
over that required for the MLLV thrust structure to account for material |
size effects. '
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TABLE 3.2.1.0-I

INITIAL DESIGN ENGINEERING MANFOUR SUMMA RY

INJECTION STAGE INJECTION STAGE
MAIN STAGE ENGINE MODULE FUEL MODULE
SYSTEM $-IC MLLV AMLLY MLLV AMLLY MLLV AMLLV
5
STRUCTURE 765 1200 1245 570 570 5 \/| 45
FWD SKIRT 1T 9 s \F| a20Y| a5\ @5 30 /| @30)
THRUST STRUCTURE (300) 225 \7| @0y a»\/| @5 N/A N/A
8 9
LH, TANK (99) 05\/| «os) aso) /| (150) — —
1 10 9
LOX TANK VL e (225 \/|  (235) a50)\/] (150 — —
11
BASE PLUG — 375 \/| (390 — — . —
TUNNELS & DUCTS (84) o) \7|  (90) 60 7| 60 87| s
]
12 13
ASSEMBLY (69) 7 \/| @9 60 \/| (0 — —
. N 14 14
PROPULSION & MECHANICAL 375 375 \/| 315 300\/| 300 N/A N/A
- 5
ELECTRICAL 187 225 \/| 255 180 180 N/A N/A
0 V¢ N/A N/A
INSTRUMENTATION 435 600 \/| 600 450 450
17 :
FLIGHT CONTROL 57 120\/| 120 . 120 120 N/A N/A
ASSEMBLY & MISC. 540 600 \7| 600 450 450 — —
ALTERNATE FWD SKIRT 225 /| (225 — — _ —
CORE VEH ( NO SRM STAGES) 2,359 3,120 3,165 2,070 2,070 45 7| 45
CORE VEH ( PROVISIONS FOR SRM'S ) 3,345 3,39 || 2,070 2,070 45 45

NOTE : :./- COMMENTS IN TEXT BODY
MANHOURS IN THOUSANDS
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12,

13.

14,

15,

16.

.1 (Continued)

The thrust structure for the injection stage will consist of six thrust
posts and two ring frames, Approximately one-fourth of the design
task on the S-IC thrust structure was involved with the design of the
thrust posts; therefore, 75,000 manhours were estimated for the design
of the injection stage thrust structure.

The design task for the hydrogen tank will be similar to the task of de-
signing the RP-1 tank for the S-IC,except for the cryogenic temperatures
and only one bulkhead. The common bulkhead between the fuel and oxi-
dizer tank was considered to be part of the LOX tank.

The torus propellant tanks for the injection stage fuel module will be
identical to the injection stage engine module fuel tanks. It is
anticipated that considerable effort will be required in engineering
as well as manufacturing development for design of these tanks.

The LOX tank will include the common bulkhead., It was estimated that
the design task will be about double that of the design of the S-IC LOX
tank,

The base plug will be a regeneratively cooled, composite structure of
monel and aluminum honeycomb. Because of the environments to be
experienced by this structure, it is anticipated that the design and
analysis tasks will be of major proportions, probably greater than the
thrust structure design task.

The main stage tunnel and duct design tasks and the structure assembly
design tasks should be equivalent to similar tasks on the S-IC.

The injection stage will use a manifold-sump system for feeding pro-
pellants to the engines. 60,000 manhours each were estimated for the
design tasks for tunnels and ducts and for injection stage structure
assembly.

The propulsion and mechanical systems for the study vehicles will be .
similar to those on the S-IC; therefore, it was assumed that the design
tasks will be of the same magnitude.,

Incorporation of the automatic test and checkout system will increase |
the complexity of the electrical system over that of the S-IC. i

The increased functions to be performed by the automatic test and

checkout system will require more design manhours for the increased
vehicle instrumentation,
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3.2,1 (Continued)

17. The stage flight time will be increased, thereby requiring a longer
life-span of the flight control system. It is estimated that double the
S-IC design manhours would be required.

18. System assembly design and interface control design tasks should be
similar to those on the S-IC.

19. The alternate forward skirt must be capable of reacting the loads of the
SRM strap-on stages. The strap-ons will produce complicated load
paths, dependent on the number used, and will require considerably
more engineering design and analys=s than the standard forward skirt.

The SRM subcontractor will design, develop and manufacture the solid rocket motors.
The prime contractor will be responsible for the overall stage design and will design,
develop and manufacture the SRM attach structures, the nose cone, and the forward
and aft skirts. SRM stage assembly and post-assembly tests will be the responsi-
bility of the SRM subcontractor,

Table 3.2,1,0-II shows the manpower requirements for the initial design of the strap-
on stages., Estimates for the SRM's were provided by Aerojet General Corporation

in texrms of dollars,which were then converted to manhours. Design hours for the
attachment st ructures and nose cone were obtained from the results of a prior study,
e.g., '"Saturn V Vehicle with 260-Inch Diameter Solid Motor Study, ' NASA Contract
NAS8-21105. These prior inputs were developed by the Boeing-Michoud Manufactur-
ing Organization. ‘ ‘

Table 3.2.1,0-II: INITIAL DESIGN ENGINEERING MANPOWER SUMMARY
FOR STRAP-ON STAGES, AMLLV AND MLLV

MANHOURS
MLLV AMLLY
SOLID ROCKET MOTOR 152, 000 160,711

(INC'LUDING TVC)

NOSE CONE 13,340 13,340
FORWARD ATTACHMENT SKIRT 30,740 30,740
AFT ATTACHMENT SKIRT 8,700 8,700
FITTINGS | 5,220 5,220
| TOTALS 210, 000 218,711
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3.2.2  Manhours for Design Support of R&D Program (Inputs for ""B'" Costs)

The engineering support of the R&D program was broken down into three categories:

a. Manpower to plan and monitor the R&D tests. This manpower could not be
specifically separated from the design activity and is shown in Section 3.2.1
above ;

b. Sustaining engineering manpower to support production of test articles. This
manpower is allocated to specific test specimens in the subsequent Develop-
ment and Test Plan, Section 4,0.

Co Engineering manpower to conduct R&D tests. This manpower is allocated to
specific tests in the subsequent Development and Test Plan.

3 o 2 o 3

Manhours for Sustaining Engineering (Inputs for '""C" Costs)

Sustaining engineering manhours for the main stage, injection stage, and strap-on
. stage attachment structure and nose cone were estimated using the same ratio
of sustaining engineering to the initial design engineering as that experienced
on the S-IC program. This sustaining engineering was further broken down as follows:

Design and Development 85.1%
Reliability 1.8%
Logistics 13.1%
Total Sustaining Engineering 100. 0%

Sustaining engineering hours for the SRM and other strap-on stage components were
provided as a direct input in terms of dollars from Aerojet General Corporation,

These dollar estimates were factored into manhour estimates using average labor rates.
No significant difference in the sustaining engineering effort between the MLLV and
AMLLYV could be determined; therefore, the following manhours summaries are
generally applicable to both vehicle programs except as noted.

Tablés 3.2, 3, 0-I through 3.2, 3, 0-III show the sustaining manhour summary for the
main stage, the three module injection stages and the SRM strap-on stages respectively,
The sustaining engineering estimate for the SRM's and SRM stage assembly is based

on 24 stages per year for the AMLLYV program and 16 stages per year for the MLLV
program,
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Table 3.2,3,0-I: SUSTAINING ENGINEERING MANFOWER SUMMARY |
FOR THE MAIN STAGE - AMLLV AND MLLV .3

SYSTEM  MANHOURS E
STRUCTURES 143, 000 ' i

FORWARD SKIRT 2, 000
ALTERNATE FORWARD SKIRT 6, 000 I
THRUST STRUCTURE 17, 000 R

LHy TANK 25, 000
LOX TANK 45, 000 i
(Including Common Bulkhead) Wk

BASE PLUG . 30, 000
TUNNELS 18, 000 }

PROPULSION AND MECHANICAL 71, 000 |

ELECTRICAL ' 35, 000 ‘i
INSTRUMENTATION | 81, 000 E
FLIGHT CONTROL - | 14, 000 B
ASSEMBLY _ 103, 000 j
STAGE TOTAL 447,000
_— B
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Table 3.2.3.0-II: SUSTAINING ENGINEERING MANPOWER SUMMARY FOR THE INJECTION STAGES -
AMLLV AND MLLV

Ly

MANHOURS
_SYSTEM | 2 ENGINES 4 ENGINES 6 ENGINES
STRUCTURES | ' 51,624 52,812 54, 000
SKIRT 1,912 | 1,956 2,000
FUEL TANK 14, 340 14,670 15, 000
OXIDIZER TANK 14, 340 14,670 15, 000
THRUST POSTS 11,472 11,736 12,000
TUNNELS 9,560 9,780 10, 000
PROPULSION & MECHANICAL 26, 000 26,000 26, 000
ELECTRICAL 10, 00C 10, 000 10, 000
INSTRUMENTATION 25, 000 25, 000 | 25, 000
FLIGHT CONTROL 5,000 5, 000 5, 000
ASSEMBLY | 27,724 28,362 29, 000
STAGE TOTAL 145, 348 147,174 149, 000




Table 3.2.3.0-Ill: SUSTAINING ENGINEERING MANPOWER SUMMARY
FOR THE SRM STRAP-ON STAGES - AMLLV AND MLLV

SYSTEM AMLLV MANHOURS' MLLV MANHOURS
STRUCTURES 21,000 21, 000
NOSE CONE 5,000 5, 000
FORWARD ATTACHMENT 7,000 . 7,000
SKIRT
AFT ATTACHMENT SKIRT 4,000 4,000
FITTINGS 5,000 5,000
SRM's AND STAGE ASSEMBLY 7,409 7,028
STAGE TOTAL 28,409 28, 028
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4.0 DEVELOPMENT AND TEST PLAN (R&D and Recurring Tests)

This test plan is applicable to both the full size (AMLLV) and the half size (MLLV)
programs. Differences in resource requirements due to variation in sizes of speci-
mens, equipment, load requirements, etc., are.uoted in applicable discussions.

This test plan was developed from inputs from Boeing and NASA organizations cur-
rently performing similar activities for the Saturn V/Apollo program. These inputs
were developed considering the current test philosophy for the Saturn V/Apollo systems.

Prior to the presentation of the Test Plan, test philosophies, ground rules and assump-
tions are outlined and discussed (Section 4.1). Supporting charts define and illustrate
the test program constraints and requirements, from program go-ahead through final
flight tests.

[

This test plan is then subdivided into two major sections to facilitate identity with the
cost categories established for the costing analyses, i.e.:

Section 4.2 - Development and Qualifications Tests -
Applicable to "B" cost category

Section 4.3 - Manufacturing and Operations Tests -
Applicable to "C" cost category

These two major categories are then further subdivided as shown below:
a. Development and Qualification Tests (Non-Re'curring Tests)

Model Tests

Manufacturing Mock-Up

Facility and GSE Shakedown, "F Bird"
Component and Subassembly Development Tests
Breadboard Tests

Static Load Tests

Dynamic Tests

Engine Development aud Qualification Tests
SRM Stage Development and Qualification Tests
Static Firing and Flight Tests

Ground Support Equipment (GSE) ;

b. Manufacturing and Operations Tests (Recurring Tests)

Acceptance Tests

Receiving Tests

In-Process Tests

Manufacturing Checkout ~
Static Firing Test
Prelaunch Test and Checkout .
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4.0

(Continued)

Scliedules for accomplishment of the various tests are shown, where necessary to
support the text, in the discussion of the specific tests. General test schedules, keyed
to the overall program schedule are shown in subsequent Section 8.0,

4.1

TEST PHILOSOPHY, GROUND RULES AND ASSUMPTIONS

General overall philosophy, ground rules and assumptions are discussed in the next
subsection. Subsequent subsections discuss major test categories and the applicable
specific philosophies, ground rules and assumptions.

4.1.1

a.

Ce.

€.

i.

General

Tests will be planned for the various generation levels of hardware. Particular
emphasis .will. be given to interactions at higher levels,which are not seen at
lower levels ;

Cognizance will be taken of previous testing of subassemblies of subsystems.
These tests will not, in general, be duplicated at higher assembly levels.
Subsequent testing will cover primarily areas of new and/or increased re-
quirements ;

Maximum utilization will be made of existing facilities ;

Tests will be conducted to the maximum extent practicable under mission
environments ;

Assemblies and other lower levels of hardware that are vital to the life of

the crew will be tested in sufficient number to yield a significant level of
engineering confidence. Also, the state-of-the-art (or uncertainty) associated
with certain hardware will require larger numbers of test specimens and more
extensive testing in depth ;

All tests on systems, subsystems, major assemblies and components, and
special items designated by the NASA Centers will be monitored and reviewed

by cognizant Center personnel;

Ground tests will be utilized to minimize the number aad cost of development
flight tests required to produce reliable operational systems ;

Data from all types of tests will be used for reliability assessment ;

All flight hardware must be qualified and receive a Certification of Flight
Worthiness before flight test.
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4,1.1  (Continued)
The Test Program will be developed within the frame of the Program Plan and in
accordance with the applicable program constraints of subordinate planning documen-

tation in accordance with Figure 4.1.1.0-1,

The four major test categories are:

a, Design and Development Tests;
b. System/Subsystem Tests;

Co Qualification Tests;

d. Production Tests.

Table 4.1, 1, 0-I shows the vehicle components and support equipment test requirements
in each of the major test categories. The objectives and constraints for each test cate-
gory are discussed in the following paragraphs:

4,1.2 Design and Development Tests

Design and Development Tests consist of two general categories, i.e.:

a. Feasibility and Configuration Selection Tests -— materials and process selec-
tion tests, material strength tests, thermal grddlent tests and other tests
determined necesszxry to select an optimum configuration;

b. Design Evaluation Tests — wind tunnel, structural static, dynamic, acoustic,
etc., tests as required to assure that the basic design assumptions and param- .

eters are adequate and that design engineering can be finalized and released.

The development test program does not include the design support tests required by
engineering to produce a vehicle design.

The general objectives of the Design and Development Test Program are as follows:

a. - Measure and assess the accomplishment of development objectives;
b. Ensure that systems and equipment meet established requirements;
Ce Obtain a true indication, forecast, or verification of the actual performance

capabilities of any given system, subsystem, or item of equipment in as
realistic an operational environment as practicable;

d. Identify operational and engineering deficiencies in time for changes to be
incorporated before significant production buildup. Ensure that changes to
operational equipment meet the required objectives, or that necessary trade-
offs are identified;.

€. Provide data for operational analyses and for application to 1) current and
future systems and 2) system studies;
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(Continued)

Verify the overall logistic capability, scope, and effectiveness as prescribed
by appropriate support procedures, plans, and planning factors, developed
concurrently with system evolution. Acquire and evaluate data to:

1, Verify and refine logistic procedures, plans, and planning factors,
2. Enhance prospective support planning,

3. Identify areas which will require additional impetus to ensure integrated
effective system(s) logistic support.

Assess identified manpower, space, and personnel resources necessary to
support systems and equipment;

Validate training and training programs;

Obtain data and evaluate safety and reliability of systems, subsystems, or
items of equipment in severe and abnormal environments such as fire,
lightning, explosion, severe impact, extreme pressure or temperature
changes, radiation, electromagnetic radiation, or combinations of these
conditions;

Determine the performance, reliability, and integrity of individual Govern-
ment Furnished Equipment (GFE) in the environments imposed by this system;

Identify the preliminary performance, operating characteristics and qualitative
adequacy of the system, subsystem, and end items;

Determine the preliminary compatibility, adequacy, supportability, reliability,
and electromagnetic compatibility of associated ground equipment (AGE),
training devices, ground communications-electronics meteorological equip-
ment, commercial ground communications-electronics, computer equipment
and programs;

Determine the préliminary maintainability and transportability characteristics
of components, subsystems and contract end items;

Determine the preliminary validity of personnel and training planning informa-
tion. This information is used for personnel skill identification, development
of manning documents, training, training equipment requirements, and addi-
tional requirements to ensure personnel and training support. When feasible,
formal training will be evaluated by applicable procedures;

Establish the preliminary identification and investigation of safety criteria for
the system, subsystem, and any necessary safety programs, before initial
operational capability is established. This should include testing in predictable
operational environments;
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4,1.2

q.

r,

S,

t.

4.1,3

(Continued)

Define the data necessary for preliminary system operating procedures,
handbooks, technical manuals;

Determine the adequacy of new design or updating changes;

Determine the adequacy of preliminary health hazards data and precautionary
information;

Define the procedures for the prevention of and recovery from potentially
catastrophic situations;

Determine the preliminary vulnerability/survivability characteristics of
components and subsystems in extreme environments.

System/Subsystem Tests

This program consists of testing and evaluation spanning the integration of subsystems
into a complete system, and development tests of the completed system in as near an
operational configuration and environment as practicable. Suitable instrumentation
will be employed to determine the functional capability and compatibility of subsystems.
The minimum test requirements are:

a.

b,

Ce

Use of hardware representative of flight hardwaré;
Use of GSE representative of equipment to be used at the launch site;

Retest when significant hardware changes are made which invalidate results
of previous tests.

Systems tests may be a combination of development test and ground qualification test.

The system/subsystem tests will be conducted to:

a.

Determine that the system contract end-items meet established requirements
and specifications for performance, control, maintenance, safety, and relia-
bility;

Define the operational configuration;

- Determine, develop, and test updating changes that are necessary to meet

approved performance requirements;

Determine that the subsystems within stages and modules are physically and
functionally compatible;
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(Continued)

Determine the functional compatibility between stage and module subsystems
and the ground support equipment;

Refine logistic procedures and policies;

Verify required technical data. This term is interpreted in its broadest
scope, and includes prints, drawings, handbooks, manuals, technical docu-
ments, and other related publications;

Evaluate new design changes, including computer programs before they are
incorporated into the production system;

Determine system capabilities, limitations, safety characteristics, and
vulnerability /survivability characteristics under actual or simulated opera-
ting conditions by ground and flight tests (as appropriate). These tests are
designed to yield both engineering and technical manual data;

Provide familiarization, experience, and training to supporting operating
personnel;

Demonstrate with trained personnel, authorized equipment, spares, and
technical data, that the complete system is operable, maintainable, and
transportable (as appropriate);

Verify that personnel performance is adequately supported by training devices,
equipment design, tools, techrical data, job environment, training, personnel
selection criteria, manning, and organizational control procedures;

Demonstrate that the system will perfcrm in its intended environment without
degrading itself or other systems.,

Test and Evaluation will not be considered completed until performance requirements
as defined in the system performance/design requirements specification and associated
contract end item specifications have been met, and it has been demonstrated that the
system can be operated and maintained using authorized equipment, trained personnel,
preliminary system operating procedures and technical data.

4,1,4

Qualification Tests

The Qualification Program is required to verify that the space vehicles and associated
ground support equipment meet design specification requirements necessary to assure
operational suitability at anticipated environments for their use cycles.

Minimum qualification test requirements are as follows:
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4,1.4 (Continued)

a, Ground qualification tests and specific ground tests shall be performed on a
sample of flight type production hardware in accordance with the preceding
Table 4.1.1,0-I;

b. All tests specified in the preceding Table 4.1, 1,0-I will be Successfully com-
pleted on mission critical ground support equipment. Such successful com-
pletion will comprise the qualification of the ground support equipment;

Co Certain special tests such as burst tests to verify that hardware does not
fail below proof limits shall be performed as required to assure operational

safely.

Acceptance tests through manufacturing checkout shall be performed on hardware
prior to its being subjected to qualification tests. The ac_eptance tests shall be ideriti-
cal to the acceptance tests performed on flight hardware or operational GSE,including
the vigorous inspection imposed thereon. Additional qualification test time (or cycles)
will be accumulated on test specimens to account for that portion of the functional life
cycie to be encountered during acceptance tests prior to mission use. L

Qualification tests shall be performed on production hardware under strict control of
environments and procedures. Revisions to procedures, adjustments, or tuning is not
permissible during the course of a test unless it is normal to the in-service operation,
If such action becomes necessary, the test specimen shall be disqualified pending cor-
rective action, Hardware that has been subjected to ground qualification tests shall
not be utilized on flight vehicles. It may, however, be utilized for reliability demon-
stration tests. The qualification te.:t report shall state the disposition of the qualifica-
tion units.

Any failure of test specimen shall disqualify the entire class of hardware (all items

of hardware made to the same specifications and intended for the same specification

as the qualification hardware), Where a failure occurs, hardware or procedural
changes shall be introduced into all test hardware and the qualification test shall be
reinitiated, However, if the cause of failure is a quality defect which can be deiected
by a nondestructive inspection, then those units of the sample which have already been
tested without failure need not be retested. Nevertheless, all units must perform with-
out failure, including the retested units for which defects have been corrected. In the
above cases, extreme caution shall be taken to assure that these changes and correc-
tions are inade to all units in the class and that such action will not degrade the units.

Hardware shall be subjected to requalification tests:

a. When des1gn or manufacturing process changes have been made which affect
functioning or rehabllmr,

b, Where inspection, test, or other data indicate that a more severe environment
- or operating condition exists than that to which the equipmert was originally
tested;

58

i

3




4.1.4 (Continued)
C. When the manufacturing source is changed.

Qualification tests consist of four types of tests, i.e.:

a, Performance Tests;

b. Environment Tests;
- Ce Reliability Tests;

d. Flight Proof Tests.

Performance Tests will be performed to prove compliance with performance specifi-
cations. Typical testing in this category shall be tests which require hardware func-
tioning before, during, and after application of dynamic loading and acoustics; static

testing in both destruct and nondestruct categories; RFI, and electromagnetic inter-

s ference tests; etc.

‘ Environment Tests shall be performed to prove compliance with specified environ-
e mental criteria. Typical testing in the category include humidity, sand, dust, salt
spray, temperature, etc.

o Reliability Demonstration Tests will be conducted to establish a significant level of
engineering confidence in the reliability of the hardware. Reliability Demonstration
Tests will be performed on flight type hardware in accordance with the prior Table
4,1.1.0-I. These tests will be a continuation of qualification tests to verify the life
r expectancy, with the addition of over-stress tests as necessary to determine failure
8 modes and safety margins.

The reliability test is a section of the qualification test conducted on equipment under
conditions as closely approximating service conditions as practicable,for the pur-
pose of eliminating gross design deficiencies.

g The overall reliability test program shall be established utilizing a carefully prepared
evaluation of environment and performance with respect to vehicle operating time,
cycles, etc., for the anticipated usage of the particular equipment. The tests shall
be designed to simulate as closely as practicable the operation of the equipment in
service, Where possible, combined environments shall be used in performing the
tests. Where overloads or other extreme conditions are actually expected to occur,
tests for these conditions shall be included but only to the minimum extent required.

— Reliability testing shall be limited to the testing of those requirements which are either

% critical to the operation of the equipment,or which will reveal the maximum informa-

= tion about the performance of the equipment in service. The mean time (or cycles)
between failure design objective will be confirmed to a varying degree dependent upon

I ; the particular tests which are defined in each specification. In some cases, results

of tests other than the reliability tests can be used as evidence of meeting the relia-

bility objective. |
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4.1.4 (Continued)

Flight test will be the final demonstration of the airborne system compliance with the
system specification. The flight test program is discussed in detail in Section 7.0 of
this document. '

4.1.5 Production Tests

Production TestS include:

a. Test firing (static firing) each stage to demonstrate acceptability of the
stage-engine combination;

b. Prelaunch checkout to verify readiness for operation;

Ce Verifying that the delivered product is manufactured per drawing and

specification and will operate within acceptable tolerances,

Factory and prelaunch test and checkout should be accomplished as much as possible
by on-board test and checkout equipment reporting to a ground-based computer.

An on-board test and checkout computer may also be required. The demands of a
vehicle of this size and type of mission dictate that all flight and checkout equipment
necessary for successful launch and mission accomplishment be redundant.

4.,1.6 Test Category Relationship to Specific Type Tests

The four major test categories defined above are not readily discernable in an overall
test plan,as the specific test requirements for a major test category are often com-
bined with those of another major category to define the test requirements for a
specific type test. Similarly, a specific type test may be applicable to all of the test
categories at some time in the program. For example, initial static firing tests of the
assembled stage are applicable to the Development and Qualification Test Categories,
while later firings are applicable to the Production Acceptance Test category.

Because of the above test program interactions and iterations and because of the re-
quirements for this study to determine both nonrecurring and recurring test costs
attributable to the component level, subsequent paragraphs will discuss specific type
tests rather than test categories.

4,2 DEVELOPMENT AND QUALIFICATION TESTS

Development tests are performed to assure the proper functioning of the components

of the system. Specific test objectives include: determination of feasibility of design
approach, evaluation of hardware performance under simulated or actual environmental
conditions, and evaluation of hardware failure modes and safety factors.

Qualification tests are performed to verify that the vehicle and ground support equip-
ment conform to the design specifications. The specification requirements are neces-
sary to assure operational suitability.

60

f
®



MR

4,2 (Continued)

Sections 4.2.1 through 4.2.11 provide descriptions of specific tests or test categories,
Resource requirements for each of the specific tests or test categories are given,

where possible, in terms of 1) the facility equipment and tools required for the testing
activity, and 2) the manpower, materials and test specimens required during the course
of the testing activity. '

4,2,1 Model Tests

Models will be used in wind tunnel tests to investigate the aerodynamic characteristics
and dynamic behavior of the AMLLV/MLLYV under laboratory conditions.

4,2,1.1 Test Description

Force Model Tests — The purpose of these tests will be to ascertain range safety
acrodynamics after inflight destruct, by checking the aerodynamic characteristics of
models of selected fragments of the liquid stages and solid motors.

AMLLV/MLLV Base Heating Model Tests — Supersonic and transonic tests will be
conducted. The tests will include heating and pressure measurements in the base
region for the range of possible configurations and anticipated flight environments.

Separation Tests — These tests will investigate the aerodynamic characteristics and
dynamic behavior during separation of the 260" SRM strap-ons from the main stage,
and the separation of the main stage from the injection stage.

Performance Characteristics of Various Vehicle Combinations — Model tests will
determine aerodynamic performance characteristics of possible vehicle configura-
tions within the vehicle family.

4,2,1,2 Resource Requirements

The assumption is that adequate facilities already exist for the conduct of the model
tests to develop the required information for the AMLLV/MLLV programs, It is
anticipated, therefore, that costs for these tests will be based on procurement of the
models and occupancy time at the test facility. The required resources (costs) for
the AMLLV and MLLV programs should be identified.

Based on prior test experience, the following estimates were made:

Single-Stage-to-Orbit Vehicle Model Tests - $600, 000

Additional Model Test Costs Attributable

to Adding Injection Stage - NONE

Additional Model Test Costs Attributable

to Adding SRM Stages - $400,000
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4,2,1,2 (Continued)

These estimates represent the total cost to the program for the model tests. No costs
were attributed to the Instrument Unit (I U ).

4,2.2 Manufacturing Mock-Up

Extensive use of manufacturing mock-ups is planned to aid in the development of main
stage and injection stage manufacturing tooling and techniques, These mock-ups will

be limited to system and subsystem, assembly and subassembly levels because of the
sizes and weights involved. Mock-ups will be provided for the main stage and for the
engine module of the injection stage.

No mock-ups are planned for the injection stage fuel modules or for the SRM stages.
As the vehicles will use a modified Saturn V Instrument Unit, no mock-up will be pro-
vided for the Instrument Unit. The estimates for the MLLLV main stage mock-up were
determined to be identical to actuals for the S-IC stage mock-up. The inert weight of
the S-IC stage and the MLLV main stage is approximately the same, and both stages
have relatively the same numbers of different components and subsystems. The esti-
mates for the AMLLV main stage were obtained by multiplying the ML LV estimates

by the ratio of AMLLV main stage production costs to MLLV main stage production
costs. ,

The estimates for the injection stage engine module mock-up were obtained by taking
25 percent of the main stage mock-up estimates. This ratio was derived by con-
sidering the weight and system complexity differences between the main stage and
injection stage. Miscellaneous costing factors were added to these direct resource
estimates, to define the total test costs shown below.

AMLLV MLLV
MAIN STAGE + « v ¢ ¢ v o o « o « o $5,038, 000 $3,176, 000
INJECTION STAGE
(ENGH\TE MODULE) 6 & 0 o @ o o o $1,258, OOC .$793, OOO
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4,2,3 Facility, GSE and Tooling Shakedown Tests ("'F'" Vehicle)

Production, test and launch procedures, tools, equipment and facilities must be vali-

dated before use. The primary objective is to achieve a state of operational readiness
prior to processing flight stages,

The tests will provide design verification and compatibility of stage systems, GSE,
and facilities to validate and improve technical operating procedures, i.e.:

a. Functional test and calibration of tooling GSE, and facilities;
b. Overall checkout to demonstrate compatibility with stage systems;
Ce Manual and automatic checkout of individual and integrated systems to

accomplish prefiring checkout and to monitor and control a countdown
and static firing (simulated);

d. Verify stage receiving, transporting and handling equipment and procedures.

A facilities checkout vehicle (""F" vehicle) will be fabricated and utilized to accom-
plish these objectives.

GSE at the factory checkout facility will be as nearly identical as possible to that used
at the static firing facility and for prelaunch and countdown, The configuration of the
checkout stages will be generally identical to flight stages. The "F'" checkout stage
will be of flight configuration size and contain stage systems sufficient to support a
facility validation test regime short of an engine test run.

Component level testing of GSE (and GSE instrumentation calibration) and basic facili-
ties checkout,or other special testing,will have been completed prior to introduction
of the "F" vehicle,

4.,2.3.1 Test Description

Factory Checkout — The factory facilities include all those facilities, at whatever site,
required to produce vebicle components, subassemblies and assemblies, Production
of the "F'" vehicle components will serve as the test of the suitability of the designated
procedures, tooling, equipment and facilities to produce compatible vehicle compo-
nents., These facilities will include those necessary test cells required for delivery

of acceptable components and assemblies, and those elements required for handling
and transportation., Validation testing of the factory will start with a functional test
and a preliminary verification of calibration procedures and proceed through fabri-
cation, test and delivery of vehicle hardware.

The components, subassemblies, assemblies, etc., will be incorporated to make up
the individual stages of the "F'" vehicle. Transportation and handling equipment will
be used (and the procedures verified) to handle the completed test stages., There
shall then be a physical fit check performed between the completed checkout stages,
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4,2,3.1 (Continued)

the facility, and GSE. A stage individual systems check shall be performed, fol-
lowed by an integrated checkout of facility and stage systems to complete validation
of the facility, GSE, GSE calibration procedures, and stage test procedures. Trans-

portation and handling equipment will be used (and the procedures verified) to remove
the test stage.

Dynamic Test Facility -- The "F' stages, the "F'" instrument unit (IU) and the simu-
lated payload will be used to check out the dynamic test facilities and handling equip-
ment for form, fit and operability., (SRM stage loads will be simulated by vibrational
loading at the SRM stage attach points to the core stage, so that SRM stages are not
needed.) Assembly and handling procedures will be prepared to evaluate vehicle
handling and assembly methods using the "F'" stages for vehicle assembly., Particular
care will be used to ensure that these procedures are fully coordinated with all or-
ganizations involved in planning stage and vehicle handling, and assembly,

Static Firing Facility Checkout (Launch Facility) — The launch complex will be adapted
for stage static firing tests as well as vehicle launch, Using the "F' stages, manual
and automatic pre-firing checkout, and a countdown and static firing (simulated) of

the checkout stage will be accomplished.

Validation testing of the static checkout facility (launch facility) will start with a func-
tional test and calibration of GSE, facility, and technical systems at the subsystem
level, Stage substitutes will be used to perform a complete stage systems check,
followed by an overall checkout of the test complex to verify compatibility between
facility and stage systems, Transportation and handling equipment will be used

(and the procedures verified) to install a test stage. Connection will then be made to
the stage pneumatic, fuel and hydraulic lines, electrical power, and data acquisition
equipment, A stage-to-test-stand fit checl: will be performed to verify compatibility
between GSE, test stand, the stage and each other. The test and checkout equipment
will then be used to manually and automatically perform a stage individual and inte-
grated systems check, followed by a countdown and a simulated static firing

of the test stage. Data will be reduced and evaluated to establish validation of the
launch complex to process flight stages through the static firing phase.

Costs of the "F'" vehicle test and checkout program at the dynamic test facility will be
allocated to the dynamic test facility activation. Paragraph 4.2.7 describes and dis-
cusses the dynamic test program,

Launch Complex Checkout — The checkout of the Launch Complex will afford the most
comprehensive test attainable on the AMLLV/MLLV program, short of vehicle flights.
Significant flight hardware, GSE, procedures, personnel, organization, and support-
ing services will be integrated for the first time as an operational entity, and proved
under conditions closely simulating prelaunch activity and environment. The complex
will be in its operational configuration for the subject checkout. The primary objective
of the launch complex checkout will be to achieve a state of launch complex operational
readiness to receive, process, launch, and support flight for the vehicle., A descrip-
tion of the launch complex appears in Section 7.0,
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4.2,3.1 (Continued)

The preceding static firing checkout and verification of facilities and equipment will
already have accomplished the intent of a portion of the following test requirements.
This test is a continuation of design verification of the launch vehicle systems and
structure and will:

a. Verify that GSE and facilities provided for AMLLV/MLLV ground operations
are physically and functionally compatible with the launch vehicle and with
each other;

b. Verify that GSE is compatible with range tracking, guidance, telemetry, and
safety systems;

Co Verify that the complex ground communications are compatible with range
networks;

d. Verify that operational procedures are adequate to support prelaunch opera-
tions;

€. Monitor and evaluate operational integrity of launch vehicle systems under

simulated operational conditions;
f. Train and qualify technical personnel to support prelaunch operations;

go Evaluate and improve supporting services attendant to vehicle processing,
including logistical support.

Complex checkout will duplicate flight vehicle and facility processing planned for pre-
launch and launch operations as closely as possible., Test procedures for prelaunch
operations will be used to perform complex checkout operations. Procedural devia-
tions necessary to accommodate test peculiarities of complex checkout will be identi-
fied as such within the test procedures,

GSE hardware will be tested an'd retested, if necessary, until this equipment is
acceptable for support of the first flight vehicle; however, retesting for purposes of
improving procedures will be avoided.,

The facility checkout vehicle (""F' vehicle) will arrive at the launch complex in indi-
vidual, but complete, stages.

All hardware on the facility checkout "F' vehicle which is of flight configuration will
be treated as though it were installed on a flight vehicle. This treatment will include
protection from abuse, prescribed maintenance, configuration control, and monitor-
ing for design adequacy.

Complete instrumentation calibration on all GSE is a prerequisite for GSE Readiness
Tests. All real time displays shall be calibrated on site. End to end calibration will
be conducted if possible.,
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4,2.3.2 Resource Requirements

The Facilities Checkout Vehicle ("F'" vehicle) will consist of a main stage and a
simulated payload with an instrument unit plus injection stage module(s) and/or an
inert SRM stage where applicable. All liquid stages of the vehicle will have pro-
pellant loading capability, stage mating interfaces, and the structural integrity re-
quired for erection and fueling, The exterior of the vehicle will include those flight
configuration geometries which require specific physical clearance from facilities
and GSE, The dry weight and C,G. of the "F'" vehicle and the individual stages will
be within 10 percent of flight configuration.

The configuration of the "F'" vehicle will limit its capacity to checkout the Launch
Complex to evaluation of the following functions:

ao Stage and vehicle handling equipment and procedures;

b. Propellant loading equipment and procedures;

Co Pneumatic servicing equipment and procedures;

d. Launch vehicle mechanical and physical compatibility with launch complex

facilities and GSE.

This vehicle will be assembled from facility checkout versions of the various stages
in the same manner as flight vehicles will be assembled. Deviations from the flight
article designs of the various stages and IU will be as follows:

a. gt Vehicle Main Stage - This stage will not include:

1, Heat shield curtains,

2. Tuel feed lines,

3. Engines,

4, Engine heat exchangers,
5. Hydraulic system,

6. Live ordnance.

Oxidizer feed lines will be limited o those required for fill and drain, Dummy en-
gines, dimexnsionally and weight simulated, will replace the flight engines. The elec-
trical systems and components will be limited to those required for propellant ser-
vicing, pressurization and environmental control system operation. Dummy ordnance
items will replace the live ordnance.

Instrumentation on the stage will be confined to measurement of specific parameters
on the pneumatic service system and environmental control systein.

b. 1g Vehicle Injection Stage - This stage will not include:
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4,2,3,2 (Continued)

Oxidizer feed lines and prevalves,
Fuel feed lines and prevalves,
Chilldown purge system,

Heat shield,

Flight engines,

Heat exchangers,

. Hydraulic power system.,

°
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This stage will be equipped with that portion of the flight electrical system required to
operate control pressure, fuel pressurizing, propellant fill and drain, oxidizer pres-
surizing, and propellant utilization. Dummy ordnance items will replace live ord-
nance,

Co "F'" Vehicle Instrument Unit - The Instrument Unit will not include:

1, Mechanical components except umbilical plate,
2, Flight type electrical components,
3. Flight instrumentation.,

d. Simulated Payload — The spacecraft will be a flight-similar mockup.

e. SRM Stage — One solid rocket motor stage (Inert propellant) will be pro-
vided to checkout SRM transportation and handling equipment, and the launch
pad SRM handling and assembly operations. -

Elimination of the "F" vehicle would not substantially reduce the resource require-
ments for checkout of the procedures, tooling, GSE and facilities, These activities
would still be required. The "F' vehicle is essentially a tool for accomplishing
these tests. ‘

Factory Checkout — The resource requirements for facility, GSE and tooling check-
out were estimated as follows. As the facilities, equipment and tooling required for
the "F'" vehicle will also be required for production and launch of operational hard-
ware, no requirements for these elements were attributed to these tests.

The manpower and material estimates for manufacture of the main and injection
stages of the "F'" vehicle were obtained from the first unit production estimates for
the various stage elements (Section 5.0). For example, the estimates for the "F"
vehicle main stage were assumed to be equivalent to the requirements attributable to
production of one set of operational main stage structure plus one-fourth (1/4) set of
main stage systems. Costing factors were applied to these estimates to define the
total costs for checkout of the manufacturing facility, GSE and tooling. Costs for the
inert SRM were estimated from first unit production costs, assuming re-use of R&D
hardware. The resulting costs for manufacture of the "F' vehicle components and
the checkout costs for the manufacturing facility, GSE and tooling are shown below:
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4.2,3.2 (Continued)

AMLLV MLLV !
Single-Stage-to-Orbit:Vehicle Configuration $55, 054,000 $40,993,000
(With Payload and IU) i
Additional Requirements for Injection $13, 041, 000 $9,752, 000
Stage (Engine Module) {
Additional Requirements for SRM Stage $10,215, 000 $7, 093,000 .
(1 Dummy) (Includes Requirements for !
Larger Payload Shroud and for Heavier
Main Stage Forward Skirt
Additional Requirements for each Add-On $7,644,000 $5,221, 000 z

Injection Stage Fuel Module

Dynamic Test Facility Checkout — The requirements for checkout of the dynamic test
facility were charged against the resource requirements for dynamic testing. No
reguirements were, therefore, attributed to the '"F'' vehicle during checkout of the
dynamic test facility.

Transportation Checkout — The transportation checkout resource requirements of
the "F'" vehicle were defined and combined with costing factors to determine the total
program costs for transportation of the "F' vehicle, and checkout of transportation
equipment. Below are the "F'" vehicle transportation and checkout costs.

AMLLV MLLV -
¥
Main Stage _E
Barge Maintenance for one-half Year $ 45,000 $ 45,000 };
Towing Services $ 35,000 $ 35,000 g
One-Half Year Maintenance of Land $ 4,000 $ 4,000
Transporter and Tow Vehicle
Injection Stage (Independent of No, of Modules)
Barge Maintenance for one-half Year $“ 20,000 $ 20,000 E
Towing Services | $ 16, 000 $‘ 16,000
One-Half Year Maintenance of Land $ 3,000 $ 3,000

Transporter and Tow Vehicle
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4.,2,3.2 (Continued)

AMLLV MLLV

SRM Stage

Barge Checkout and Transport of $ 17,000 $ 17,000
Set Attach Hardware From Michoud
to Dade County (SRM contractors site)

Barge Checkout and Transport of $12,700 $9,100
Assembled Inert SRM Stage to Launch
Facility

Launch Facility Checkout — The resource requirements for launch facility, GSE and
tooling checkout were estimated as follows. The operations required for "F' vehicle
processing at the launch facility were assumed to be equivalent to those required for
processing the first flight test vehicle (Section 4.2,10), even though the '"F' vehicle
time at the launch facility is one year rather than nine months, (Manpower build-up
during ""F'" vehicle testing was assumed,) The direct estimates for these tests were
combined with costing factors to provide the following total program costs for launch
facility checkout.

AMLLV MLLV -

Single-Stage-to-Orbit Vehicle Configured With  $264,150,000 $246,459, 000
Payload and IU

Additional Requirements for Injection $17,260,000 $15,421, 000
Stage (Engine Module)

Additional Requirements for SRM Stages $24,291,000 $23,100,000
(1 Dunmy) (Includes Requirement for .

Larger Payload Shroud, and for Heavier

Main Stage and Forward Skirt)

Additional Requirements for each Add-On $8,994,000 $7,892,000
Injection Stage Fuel Module

Overall Checkout Costs -—— Summing the above program costs for factory, transpor-
tation and launch facility checkout provided the following overall costs to the program
attributable to the "F" vehicle.

AMLLYV -~ MLLV

Single-Stage-to-Orbit Vehicle Configured With $319, 288,000 £287,536,000
Payload and IU ' '

Additional Requirements for Injection $30,340,000 .$25,212,000
Stage (Engine Module)
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4,2,3.2 (Continued)

AMLLYVY MLLV

Additional Requirements for SRM Stages -$34,535,700 $30,219,100
(Includes Requirement for Larger

Payload Shroud, and for Heavier Main

Stage and Forward Skirt)

Additional Requirements for each Add-On $16,638, 000 $13,113, 000
Injection Stage Fuel Module

Totals for Full Size Vehicles With
3-Module Injection Stages and SRM
Stages (1 Dummy each). $417,439,700 $369,193,100

4,2,4 Component and Subsystem Development Tests

In additicn fo the major tests (structural, dynamic, flight, etc.) that are discussed
elsewhere in Section 4.2, there will be a large number of other required R&D tests
for vehicle subsystems and components. Development tests of vehicle subsystems
and components must be performed to assure the proper functioning of the compo-
nents of the system, Specific test objectives will include: Determination of feasi-
bility of design approach, evaluation of hardware performance under simulated or

actual environmental conditions, and evaluation of hardware failure modes and safety
factors, '

4,2,4.1 Test Description

Component development tests will be integrated throughout the R&D program with
major assembly and system test development programs. This integrated testing
will not, however, preclude the requirement for the development and qualification

of the subsystems and components. It was not possible to define all of the specific
tests that fall within this category. Resource requirements for this general cate-
gory were estimated in terms of overall program costs by applying historical factors
to the overall costs of producing the first flight article.

The area of acoustics testing will present a definite problem for the large AMLLV/
MLLYV type vehicles and is, therefore, treated in some detail below,

Acoustics Testing — Achieving laboratory test noise decibel levels equivalent to the
predicted environments of the study vehicles (above 175 db for some components)
will exceed the state-of-the-art for noise generators and facilities. -

Structural qualification for very high acoustic levels (above 165 db) can possibly be
accomplished at lower db levels by longer duration tests. This approach was used
on the S-IC fins, Acoustic qualification requirements were established at 169 db,
but the test was accomplished at 163 db.
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4,2,4.1 (Continued)

The following test approach for high level acoustic test for the AMLLV/MLLV compo-
nents and structures is proposed:

a. Choose representative structure or components;

b. Perform low level laboratory excursion tests to determine dynamic response,
strain levels, linearity of response; '

WW
4

- C. Fatigue test at maximum level of facility (assuming that it is less than
i.f required) for extended periods of time to assess fatigue strength;
d. Instrument panels and place near a static test firing stand when tests are
- scheduled. The appropriate engine and specimen position must be pre-
{ viously selected.

It is expected that static test of certain engines will provide acoustic levels over 170 db
OASPL with a desirable spectrum shape. 'Piggyback tests'', as proposed in (d) above,
can provide structural response data on specimens which would ordinarily require
extremely costly special test facilities and noise generator development,:

4.2,4.,2 Resource Implications

The subsystems and components of the vehicle configurations were identified but not
e defined in enough detail to determine the required detailed tests. The test categories
. g listed above are examples of these unidentifiable tests, and could be extended in con-
siderable detail, The costs for some of these tests are normally included in the pur-
chased price of the subsystems and components. Costs for other of these tests are
incurred at the prime contractors facility or through additional funding to the vendor
for tests at his facility.

Boeing historical data relative to research and development testing of components
and subsystems for other programs, prior to and inclusive of the S-IC program,
were used as a basis for factoring cost estimates for the AMLLV/MLLV program,
The following table shows the resulting total program cost estimates for component
and subsystems tests for the main and injection stages of the vehicle. This table

% also shows estimates for the testing of SRM stage components and subsystems as
! " supplied by Aerojet-General. These latter tests are further detailed in the section
on SRM stage test costs (Section 4,2,9).

| f ' | AMLLV MLLV
Main Stage $150, 000,000  $120, 000,000
Injection Stage ~$ 25,000,000  $ 20,000,000
SRM Stage $ 34,684,000 $ 33,037,000

TOTALS $209,684,000  $173,037, 000



4,2,4.2 (Continued)

The relationship of component and subsystem test costs, between the AMLLYV and
the MLLV main and injection stages as shown, is the same as the relationship for
production cost between the AMLLV stages and the MLLV stages.

4.2,5 System Development Breadboard Facility (SDBF)

The Systems Development Breadboard Facility will provide for extensive testing,
evaluation, and verification of components, subsystems, and systems under con-
trolled conditions that approximate those at the launch site.

The primary objectives of the development breadboard will be:

a. To provide for system development and evaluation of computer controlled
checkout of the AMLLV/MLLV Electrical Support Equipment (ESE);

b. To develop and prove checkout techniques, procedures and displays;

Ce To provide a basis for maintainability analysis;

d. To provide personnel familiarization and training;

€. To provide a facility where changes and modifications to the vehicle and

computer controlled electrical support equipment (ESE) may be evaluated;

f. To design and evaluate many parts of the computer programs required for
the checkout and launch site operations;

g Provide support to operational personnel at the launch site by being avail -

able to investigate any problem that may arise after the flight vehicle has
been delivered to the site;

h. Electrical Simulation,

The SDBF will be used to verify the AMLLV/MLLV Automation Plan, and the ade-
quacy of the LVGSE during test operations. All LVGSE allocated to SDBF that is
common to that delivered to the Launch Complex will be representative quality hard-
ware that has met all specified test requirements. When the facility is completely

operational, it will be able to simulate, or be the electrical equivalent of, the follow-
ing systems:

a. The AMLLV/MLLV vehicle;

b, The interface between the vehicle and the spacecraft; ‘

Co The interface between the vehicle and the Launch Umbilical Tower (LUT);
d. The Launch Umbilical Tower;

e. The Launch Control Center (LCC).
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4,2,5 (Continued)

By the inclusion of a Mechanical Automation Breadboard (MAB), the breadboard will
provide for a physical interface with the major mechanical systems and flight stages
involved. In addition to serving as an integral portion of the breadboard, a number
of functions have been identified which will be unique to the MAB portion, i.e.:

a, Proof of the automated mechanical checkout concept;
b. Checkout of the stage-peculiar mechanical GSE;
Ce Complete checkout of the malfunction detection system.,

4.,2,5.1 Test Description

The systems development breadboard as indicated will include launch-oriented
ground support equipment as well as stage systems. (In order for total operation
to closely approximate launch site operation, certain simulators will be required.)
By utilizing flight configuration hardware and GSE, operating in the normal mode,
wherever possible, the MAB will provide the systems development breadboard with

a far more realistic stage substitute than could be obtained through use of simulators
alone.

As a minimum, systems compatibility tests shall provide reasonable assurance
that: '

a. Stages, modules and launch vehicle (for the specific configurations to be
flown) are functionally and operationally compatible (including electromag-

netic compatibility prior to shipment of the first flight stages and modules to
the test site);

b. Stages, modules, or space vehicle are compatible with ground support
equipment (including checkout and calibration equipment) at a manufacturing
plant, static firing test area, and the launch area prior to shipment of the
first flight hardware (for the specific configuration to be flown) to the above
areas.

4.2,5.2 Resource Requirements

Existing facilities at Michoud will be used to house the breadboard. (A new facility
for this activity would cost approximately $750, 000,) The equipment for these tests
will primarily consist of the elements of vehicle and GSE hardware and/or simulators
that make up the breadboard plus the computer complex.,

Equipment costs attributable to the Saturn V breadboard at MSFC are approximately
$70,000,000, Operational costs per year are estimated at $4,300, 000, The half
size MLLV vehicle consisting of the main stage plus a three-module injection stage
less the eight SRM stages is similar in terms of size, quantity and complexity of
subsystems. The anticipated equipment cost and operational cost for this configura-
tion were, therefore, assumed to be equivalent to the above Saturn V approximated
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4.2.5.2 (Continued)

actuals. To define total operating costs, it was assumed that the AMLLV/MLLV
breadboard would be in use for five years.

To allocate costs to the various MLLV configuration elements, as shown in Table
4.2.5.2-1, the following procedure was used. Main stage (single-stage-to-orbit)
costs were assumed to be eighty percent of the current Saturn V costs. (The main
stage must absorb the major portion of the computer costs.) Ten percent of the costs
were attributed to the engine module of the injection stage. Two and one-half percent
of the costs were attributed to each fuel module of the injection stage. Five percent
of the costs were attributed to the SRM stages.

AMLLYV configuration element test costs were determined by multiplying the MLLV
configuration element test costs by 110 percent,

These costs, as discusséd above, are rough estimates. The incorporation of onboard
test and checkout capability in the vehicle design further adds tc the grossness of these
estimates. The costs as shown are believed to be well on the conservative side.

The costs shown represent total program costs for accomplishment of the breadboard
tests. ‘
TABLE 4.2.5.2-1 BREADBOARD TEST COSTS

AMLLV MLLV

Main (Core) Stage: $ 80,520,000 §$ 73,200,000
Additional Costs Attributable to Injection $7,937,000 $7,215,000
Stage Engine Module
Additional Costs Attributable to Injection $2,519,000 $2,288,000
Stage Fuel Module
Additional Costs Attributable to SRM $ 5,033,000 $ 4,575,000
Stages

Totals (With 2 Fuel Modules) $98,528,000 i$89,566,000
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4,2,.6 Structural (Static) Tests

The objective of structural tests will be to determine the ability of the stage struc-
tures to withstand predicted siatic and dynamic forces which may be encountered in
assembly, storage, transportation, handiing, testing, and flight.

Structural tests will be performed on the largest practicable assemblies of structural
hardware for all stages and modules. As a prerequisite, tests of structural details
and component structures will have been completed and evaluated.

The following will be considered in the development of detailed structural test plans:

a. The determination of effects of aerodynamics, cryogenics, winds, thrust,
vibration, and static forces, etc.;

b, The determination of effects of multiple environments on the structure;

C. The determination of safety factors, failure characteristics, and design
limitations by the proper sequencing and application of overstress;

d, The completion of portions of the structural tests that are related to specific
events prior to the performance of the events such as transportation, static
test firing, etc.

4,2,6,1 Test Description

Static load test conditions that were considered probable are listed below, This list
should not be construed as a complete list of test conditions required.

a. Main Stage Tank Assembly:
1, "Pneumastatic' Proof Pressure,
2. Cryogenic (LNg - LHg) to Maximum Operating Pressures,
3. Maximum Combined Axial Loads at Cryogenic Operating Pressures,
4, LOX Tunnel and LHy Fitting Loads at Cryogenic Operating Pressures,
5, Lower Bulkhead Inertial Loads with Ambient Water and/or Gas

Operating Pressures;

b. Main Stage Thrust Structure - Combined Axial and Lateral Loads at:
1., Full Core Stage Thrust, 0° Thrust Deflection - Ambient,
2, Full Core Stage Thrust, Full Thrust Deflection - Ambient,
3. Full Core Stage Thrust with Lateral Strap-on Loads,
4, Same as No, 1 above with Thermal Simulation,
5. Same as No, 2 above with Thermal Simulation,.
6. Same as No. 3 above with Thermal Simulation;
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4,2,6,1 (Continued) '

Co Main Stage Upper Skirt - Combined Axial and Lateral I.oads at:

1, Full Core Stage Thrust with Holddown,

2, Full Core Stage Thrust, 3
3. Full Strap-On Thrust with Holddown, 1
4

5

. Full Strap-On Thrust,
. Strap-On Thrust with Critical Strap-On(s) Out;

d. Injection Stage Assembly - Combined Axial and Lateral Loads at:
1, Full Injection Stage Thrust (0° Thrust Deflection), |
2, Full Injection Stage Thrust (Max.Thrust Deflection), i
3. Full Core Stage Thrust (0° Thrust Deflection), 3
4, Full Core Stage Thrust (Max.Thrust Deflection), 5
5, Full Strap-On Thrust, \
6. Strap-On Thrust with Critical Strap-On(s) Out; ;

e. Injection Stage LHo and LOX Tanks: -
1. Pneumastatic Proof Pressure, é

2, Cryogenic to Operating Pressure;
f. SRM Stage Attach Hardware: b

1, Combined Maximum Axial and Lateral Loads to be Experienced During 3
Flight, 3

2. Combined Loads Simulating Load Conditions at Various Flight Times,

3, -Support Loads in the Prelaunch Position.

e Solid Rocket Motor Case:

1. Hydrostatic Proof Pressure,

2, Hydrostatic Proof Pressure Combined with Maximum Axial and Lateral
Loads, 3
3. Support Loads in the Prelaunch Position. !

4,2,6,2 Resource Requirements vK -

New facilities must be provided for conducting the static load testing far the liquid
stage and the SRM stage havdware. Load tests of the liquid stage hardware and initial % :
tests of the SRM attach hardware will be accomplished at a new test facility adjacent B
to the Michoud manufacturing facility, Hydrostatic testing combined with axial and

lateral load testing of the SRM case and assembled attach hardware will be conducted o
at the SRM manufacturing facility. | SR

‘ -~ 1
76 {



4,2,6.2 (Continued)
The new facilities at the Michoud site are discussed below.

Static Load Test Facility (Ambient) — This facility will provide the capability of re-
acting maximum simulated flight loads on either the thrust structure, upper skirt,
or the injection stage or SRM attach structure (where applicable). Multiple floor
tie-down capability and a movable upper reaction head will be necessary to accom-
modate the different heights and loading conditions required for the above mentioned
specimens, .

Remote Static Load Test Facility (Cryogenic) — This facility will provide the capa-
bility of reacting maximum simulated flight loads on the stage assembly under either
cryogenic (LHg, LNg) or ambient conditions. LHg Supply and disposal systems, water
fill and pressurization systems, gas pressurization systems, and the high density

fluid system will be located adjacent to the facility.

The major test specimens required for the various configuration elements were de-
fined as follows:

Qe Single Stage-to-Orbit (Main Stage):

1., LOX-LHg core stage tank assembly with attached lower thrust struc-
ture, base plug assembly and upper skirt,

2. Separate lower thrust structure with plug and gimbal attachment
fittings,

3. Separate upper skirt (light weight);

b. Injection Stage (Engine Module):

1. One set (LHy and LOX) tanks,
2. One skin structure;

Co Injection Stage (Fuel Module):

1. One set (LH, and LOX) tanks,
2. One skin structure;

d. SRM Stage (Testing at Michoud Facility):

1. One set of attécﬁ structures,
2. One main stage heavy weight forward skirt;

e. SRM Stage (Testing at Aerojet):

1. Three sets of attach structures,
2., One SRM case,

7
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4,2,6,2 (Continued)
e. (Continued)

NOTE: As these tests at Aerojet will be conducted as part of the SRM
development and PFRT test program, they are not discussed
further in this section (see Section 4.2.9),

The above specimens must be structurally complete. They will not include such items,
however, as electrical or hydraulic components. The costs of these specimens to
support this test program were defined as equivalent to the first unit costs of opera-
tional hardware. An additional charge of 10 percent was attributed to these specimens
to cover load testing at the subcomponent level.

Tables 4,2,6.2-I through -VIII itemize the AMLLV and MLLV resource requirements
attributable to 1) the single stage-to-orbit vehicle, 2) the additional resource require-
ments attributable to static load test of the injection stage (engine module and fuel
modules), and 3) additional resource requirements attributable to the SRM stage.
Each table also shows the resulting total program cost (after using costing factors)
attributable to the static load test for the main stage, and the additional costs attrib-
utable to the addition of 1) an injection stage, engine module, 2) injection stage, fuel
modules, and 3) SRM solid rocket-motor stages.
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Table 4,2,6.2-I. STATIC LOAD TEST - AMLLV MAIN STAGE

TANK THRUST FORWARD
ASSEMBLY STRUCTURE SKIRT COMPONENTS | TOTAL
ENGR. MANHOURS 124,709 83, 094 41,629 . 50,610 300, 042
(DIRECT)
MFG. MANHOURS 256, 128 179,258 85, 345 95,986 616,717
(DIRECT)
TEST MATERIALS $ 657,000 |$ 418,000 $ 91,000 $ 157,000 $ 1,323,000
TOOLING INCLUDED IN THE ABOVE MANHOURS AND MATERIAL
TEST SPECIMEN $34,383,000 |$4,647,000 $3,637, 000 $4, 267, 000 $46,934, 000
FACILITY AND
EQUIPMENT $24, 174, 000
FACILITY
MAINTENANCE $ 1,082,000
TOTAL COST = $86,067,000 (INCLUDES PRICING FACTORS)
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Table 4.2.6.2-II, STATIC LOAD TEST - AMLLV INJECTION STAGE ENGINE MODULE

TANK ASSEMBLY STAGE ASSEMBLY COMPONENTS TOTAL
' ENGR, MANHOURS 11,319 38,170 15,776 65, 265
MFG. MANHOURS 22,656 75,925 31,441 130, 022
' TEST MATERIALS $ 27,000 $ 76,000 $ 33,000 $ 136, 000
TOOLING INCLUDED IN ABOVE MANPOWER AND MATERIAL ESTIMATES

TEST SPECIMEN $4,616,000 $6,457,000 $1,107,000 $12, 180, 000
FACILITY AND

EQUIPMENT

SHARES MAIN STAGE TEST FACILITY

FACILITY

MAINTENANCE

TOTAL COST = $15,023,000 (INCLUDES PRICING FACTORS)
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Table 4. 2. 6.2-I1I. STATIC LOAD TEST - ADDITIONAL REQUIREMENTS
FOR AMLLYV INJECTION STAGE FUEL MODULE

ENGR. MANHOURS
MFG. MANHOURS

TEST MATERIALS
TOOLING

TEST SPECIMEN

FACILITY AND
EQUIPMENT

FACILITY
MAINTENANCE

SHARES MAIN STAGE TEST FACILITY

TANK ASSEMBLY STAGE ASSEMBLY COMPONENTS TOTAL
1,256 6,237 7,493
INCLUDED IN
3, 542 8, 352 11, 894
ENGINE MODULE
$ 17,000 $ 1,000 $ 8,000
. INCLUDED IN ABOVE MANPOWER AND MATERIAL ESTIMATES
$2, 907, 000 ~$3, 093,000 $700, 000 $7, 490, 000

TOTAL COST = $7, 992, 000 (INCLUDES PRICING FACTORS) (ADDITIVE TO INJECTION STAGE ENGINE

MODULE COSTS)
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Table 4. 2. 6, 2-1V.

STATIC LOAD TEST - AMLLV SRM STAGE

DELTA COST FOR HEAVY WEIGHT
MAIN STAGE FORWARD SKIRT

ATTACH STRUCTURE | AND COMPONENTS SRM CASE AND NOZZLE
ENGR. MANHOURS 1, 480 217, 579 INCLUDED
MFG. MANHOURS 18, 284 37, 806 IN
TEST MATERIALS $ 36,000 $ 70,000 SRM
TOOLING INCLUDED IN ABOVE INCLUDED IN ABOVE DE VE LOPMENT
TEST SPECIMEN $1, 725, 000 %4, 630, 000 COSTS
FACILITY AND ) SEE
EQUIPMENT

| NO CHANGE NG CHANGE SECTION

| FACILITY

MAINTENANCE 4.2.9

TOTAL COST = $7, 695, 000 (INCLUDES PRICING FACTORS)
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Table 4.2.6.2-V. STATIC LOAD TEST - MLLV MAIN STAGE

STAGE THRUST FORWARD

ASSEMBLY STRUCTURE SKIRT COMPONENTS TOTAL
ENGR. MANHOURS 123, 352 82,573 41, 387 47, 078 294, 390
MFG. MANHOURS 233, 020 156, 229 78,114 89, 031 556, 394
TEST MATERIALS |$ 619,000 $ 414,000 $ 84,000 $ 96,000 $1, 213, 000
TOOLING INCLUDED IN THE ABOVE MANHOURS AND MATERIAL
TEST SPECIMEN. |$23,464,000 $3, 162, 000 $2,353, 000 $2, 897, 000 $31, 876,000
FACILITY AND
EQUIPMENT $20, 444, 000
FACILITY
MAINTENANCE $ 1,008, 000
TOTAL COST

= $66,420, 000 (INCLUDES PRICING FACTORS)
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Table 4.2.6,2-VI. STATIC LOAD TEST - MLLV INJECTION STAGE ENGINE MODULE

TANK ASSEMBLY SKIN ASSEMBLY COMPONENTS TOTAL
ENGR. MANHOURS 10,725 35, 944 14,121 60,790
MFG. MANHOURS 20, 250 68,136 26,710 115, 096
TEST MATERIALS $ 23,000 $ 74,000 $ 29,000 $ 126,000
TOOLING INCLUDED IN ABOVE MANPOWER AND MATERIAL ESTIMATES
TEST SPECIMEN $3, 132, 000 $4,745, 000 $788, 000 $8,665, 000
FACILITY AND
EQUIPMENT

SHARES MAIN STAGE TEST FACILITY

FACILITY
MAINTENANCE
TOTAL COST =

e im .».,} s

$11,206,000 (INCLUPDES PRICING FACTORS)
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Table 4. 2.6, 2-VII. STATIC LOAD TEST - MLLV INJECTION STAGE FUEL MODULE

'TANK ASSEMBLY

STAGE ASSEMBLY COMPONENTS TOTAL
ENGR. MANHOURS 1,192 3,139 ) 4, 331
| INCLUDED IN

MFG. MANHOURS 2,242 5,675 > 9, 899

ENGINE MODULE
TEST MATERIALS $ 3,000 0 J $ 2,000
TOOLING INCLUDED IN ABOVE MANPOWER AND MATERIAL ESTIMATES
TEST SPECIMEN $2, 429, 000 $2, 189, 000 $462, 000 $4, 899, 000

FACILITY AND
EQUIPMENT

FACILITY
MAINTENANCE

SHARES MAIN STAGE TEST FACILITY

TOTAL COST = $4, 295, 000 (INCLUDES PRICING FACTORS) (ADDITIVE TO INJECTION STAGE ENGINE
' * MODULE COSTS)
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Table 4.2.6,2-VIII, STATIC LOAD TEST - MLLV SRM STAGE

NOSE CONE AND DELTA COSTS FOR HEAVY WEIGHT | SRM CASE AND
ATTACH STRUCTURE MAIN STAGE FORWARD SKIRT NOZZLE
ENGR. MANHOURS 23,116 INCLUDED
MFG. MANHOURS 1,748 44,873 IN
TEST MATERIALS $ 1,598 $ 56,000 SRM
TOOLING $ 191,000 INCLUDED IN ABOVE DEVELOPMENT
TEST SPECIMEN $ 590,000 $ 2, 950, 000 COSTS.
FACILITY AND SEE
EQUIPMENT
$ 263,000 NO CHANGE SECTION
FACILITY
MAINTENANCE 4,2.9
TOTAL COST = $4, 840, 000 (INCLUDES PRICING FACTORS)
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4,2.7 Dynamic Tests

Dynamic tests wiil be conducted to determine the structural and vibrational charac-

teristics of the launch vehicle, including payload, under dynamlc 1ly simulated
flight load conditions.

The objectives of dynamic tests will be to:

a. Determine the structural dynamic characteristics under conditions simulating
flight dynamics insofar as practicable;

b. Qualify the hardware to perform within the characteristics determined above;
c. Determine physical mating compatibility of stages and modules;

d. Compare dynamic test results with subsequent flight test results for continuous
development of dynamic test techniques and facilities, to assure the highest

possible degree of accuracy in the development and qualification of the vehicle
structure prior to flight.

4,2.7.1 Test Description

To conduct these tests, structurally complete liquid stages will be provided. These
stages will not include electrical or hydraulic components. Engines and subsystems
will be simulated with appropriately mounted lump masses. SRM stages will not be
provided for these tests. The effects of the SRM stages, where applicable, will be

simulated by providing a programmed input to hydrodynamic shakers attached to the
dynamic vehicle at the SRM stage attach points.

Dynamic tests will be conducted on each of the various configurations that will make
up the vehicle family in its operational status.

The dynamic test vehicle will be assembled to the same configuration as for the flight
mode. The appropriate test specimens will be assembled to make up the desired
configurations. As these tests are nondestructive, test specimens will not be

duplicated. The hardware provided for the dynamlc test vehicle will not subsequently
be used for flight hardware.

4,2,7.2 Resource Requirements

The size of the dynamic test facility required is beyond the capabilities of the Saturn Vv
facilities., Therefore, a complete new stand wiil be required for either the half size

MLLYV or full size AMLLYV configuration. The solid motor weights will not be duplicated
for the dynamic tests, but their load effects on the core vehicle will be simulated. The

location of the new dynamic test facility will be adjacent to navigable water at the
manufacturing site.
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4,2.7.2 (Continued)

The following is a summary of the type of anticipated equipment and brick and mortar
items costed:

Foundations and earth work;
Super structure,
Architectural finishing,

. Mechanical systems,
Electrical systems.

(I o TN o B « gl -

The costs were established based on the full size AMLLYV vehicle. The costs for

MLLYV facilities as shown, were based on the facilities size reduction and facilities
engineering judgment.

The cost dollar figures given for the facilities include the following phases and
resources of project accomplishment.

Accomplishment
Phase Resource
Concepts and planning Aerospace company
Design criteria ’A&E contractor |
Final design and specifications A&E contractor
Construction , General construction contractor
Construction surveillance A&E contractor and aerospace
company
Contract administration Aerospace company

The test equipment costs, as tabulated on the cost summaries, include the required

test equipment, facility type purchasable equipment, and all ground support equipment
except stage handling tools or fittings.

The dynamic test facility and equipment requirements will not be significantly affected
by the addition of the injection stage engine or fuel modules as the vehicle diameter

will remain constant, and the overall vehicle weight and height will increase only
slightly. ‘
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4.2,7.2 (Continued)

The equipment and facility requirements will, however, be substantially increased
if SRM stages are simulated. Larger hydrodynamic shakers will be required. The
foundations must be increased to account for the higher loads to be applied. The
dynamic test facility for this application will be a silo rather than an above ground
structure. If the structure were above ground, high, vertical pylons (concrete)

would have to be provided to mount the shakers for input of loads to the forward
skirt of the main stage.

Equipment costs cover:
a. Estimated delivered cost,
b. Equipment installation,

c. Equipment engineering support.

The major test specimens required for the various configuration elements were
defined as follows:

a. Single~-stage-to-orbit vehicle

1. One main stage assembly with lump mass simulators,
2. Simulated payload with 1U;

b. Additional specimens required for injection stage engine module

1. One injection stage assembly with lump mass simulators,
2. Larger simulated payload section with 1U;

c. Additional specimens required for each injection stage fuel module - One
fuel module assembly with lump mass simulators;

d. Additional requirements for SRM stage

1. Enlarged simulated payload section with IU,
2, One heavy weight main stage forward skirt.

~ The specimens will be structuraily complete, but will not include such items as

electrical or hydraulic components. Weights, attachments and center of gravity
locations will be simulated. The cost of the above specimens was determined by
using the first unit production costs of similar specimens (structural components)
for the first flight vehicle. Twenty percent was added to these costs to account for
the cost of the lump mass simulators and the costs of the simulated payload and IU.
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4.2,7.2 (Continued)

The "F" vehicle will be used to check out the dynamic test facility. As the dynamic
facility checkout would not be required without the requirement for a dynamic test
program, this operation is charged against the dynamic test costs. The "F" vehicle
hardware will be available from other operations to perform this checkout, and
therefore was not charged against the dynamic test program costs.

Summaries of the overall resource requirements for dynamic test of the AMLLYV
and MLLYV single-stage-to-orbit vehicles (as provided for costing) are shown in
Table 4.2.7,.2-1. This chart shows the total resource requirements for providing
the facility, the facility checkout, the test specimen, and for conducting the
dynamic tests. The inputs as shown were subjected to costing factors to define the
total program costs associated with dynamic tests as shown at the bottom of Table
4.2.7.2-1. Tables 4.2.7.2-II through 4.2.7.2-1IV show the additional resource
requirements and costs attributable to the injection stage engine module, injection
stage fuel module and SRM simulation respectively.
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TABLE 4.2.7.2-1 DYNAMIC TEST - AMLLV AND MLLV SINGLE STAGE TO ORBIT

: VEHICLE
| AMLLV MLLV

ENGR. MANHOURS (DIRECT FOR TEST) 313.,314.. 206 9T o =]
MFG. MANHOURS (DIRECT FOR TEST) 549, 508 504, 086
TEST MATERIALS $1,477,000  $1,391, 000

| TOOLING INCLUDED IN ABOVE M/HOURS

B & MATERIAL

) TEST SPECIMEN $34,383,000  $23,464,000

B FACILITY $7,455,000  $6,320,000

¥ TEST EQUIP, $6,000,000  $6, 000,000

) INSTRUMENTATION EQUIP. $3,300,000  $3,300,000

& FAC. & EQUIP, INCLUDED IN ABOVE TEST
CHECKOUT, "F" VEH, MANHOURS AND MATERIAL
FAC. & EQUIP,

) MAINTENANCE (9 MOS.) $382, 000 $325, 000

X

TOTAL PROGRAM COST $66,057,000  $53,104, 000

= (INCLUDES PRICING FACTORS)

.
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TABLE 4.2.7.2-I1 ADDITIONAL DYNAMIC TEST REQUIREMENTS FOR
INJECTION STAGE ENGINE MODULE

AMLLV MLLV
ENGR. MANHOURS (DIRECT FOR TEST) 17,929 70,520
MFG. MANHOURS (DIRECT FOR TEST) 151, 807 119,745
TEST MATERIALS $373, 000 $340, 000

TOOLING

TEST SPECIMEN

FACILITY

TEST EQUIP,
INSTRUMENTATION EQUIP,

FAC. & EQUIP,
CHECKOUT, "F" VEH.

FAC,. & EQUIP,
MAINTENANCE

TOTAL ADDITIONAL PROGRAM
(INCLUDES PRICING FACTORS)

INCLUDED IN ABOVE M/HERS.
& MATERIAL

$11, 073, 000 $7,881, 000
$1, 000, 000 $850, 000
NO CHANGE NO CHANGE
NO CHANGE NO CHANGE
INCLUDED IN ABOVE TEST

MANHOURS AND MATERIAL

NO CHANGE NO CHANGE

$15,738,000 $12,000,000
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TABLE 4.2.7.2-1I1 ADDITIONAL DYNAMIC TEST REQUIREMENT FOR ADDING
INJECTION STAGE FUEL MODULE TO INJECTION STAGE

ENGINE MODULE

o o Wb WD . -~

AMLLV. MLLV

ENGR. MANHOURS (DIRECT FOR TEST)

MFG. MANHOURS (DIRECT FOR TEST)
TEST MATERIALS

TOOLING

TEST SPECIMEN

FACILITY

TEST EQUIP,

INSTRUMENTATION EQUIP,

FAC. & EQUIP.
CHECKOUT, "¥" VEH.

FAC. & EQUIP.
MAINTENANCE

,'TOTAL ADDITIONAL PROGRAM COST
(INCLUDES PRICING FACTORS)

NO INCREASE OVER ENGINE
MODULE REQUIREMENTS

$9,306,000  $6,706, 000
$ 500,000 $ 425,000
NO CHANGE  NO CHANGE
NO CHANGE  NO CHANGE
INCLUDED IN ABOVE TEST

MATERIAL AND MANHOURS

NO CHANGE NO CHANGE

$9,806,000 $7,131,000
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TABLE 4.2.7.2-IV ADDITIONAL DYNAMIC TEST REQUIREMENTS

FOR SRM SIMULATION

AMLLV MLLV
ENGR. MANHOURS (DIRECT FOR TEST) 19,'234 17,900
MFG. MANHOURS (DIRECT FOR TEET) 40,392 29,916
TEST MATERIALS 93, 000 85,000

TOOLING

TEST SPECIMEN

FACILITY

TEST EQUIP,
INSTRUMENTATION EQUIP,

FAC. & EQUIP,
CHECKOUT, "F" VEH,

FAC. & EQUIP,
MAINTENANCE

TOTAL ADDITIONAL PROGRAM COST
(INCLUDES PRICING FACTORS)

MAN HOURS INCLUDED IN ABOVE
AND MATERIALS

$5,629,000  $3,910,000
$7,000,000  $5,250, 000
$10,000,000  $7,500, 000
NO CHANGE NO CHANGE

INCLUDED IN ABOVE TEST
MANHOURS AND MATERIAL

NO CHANGE NO CHANGE

$24,104,000 $18,508,000
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4,2.8 Main an” Injection Stage Engine Development and Qualification Tests

This section describes the development and qualification program of the liquid engine
systems for both the main and the injection stages of the AMLLV/MLLYV vehicles.

The magnitude of the main stage engine program will be dependent upon the type of
engine system used (i.e., the multichamber/plug or the toroidal/aerospike). The base-
line system discussed in this section and subsequently used for costing of the baseline
program is the Pratt and Whitney multichamber/plug engine system. The Pratt and
Whitney high pressure bell engine module can be used both for the main stage and for
the injection stage propulsion. The following test plan (Paragraph 4.2.8,1), therefore,
is applicable to the engine modules for both of these stages. Paragraph 4.2.8.2 describes
the individual resource requirements for the main stage engine system and for the
engine modules for the injection stage respectively. A development and qualification
program for the main stage toroidal/aerospike engine system was provided by Rocket-
dyne and is discussed in Section 9.0, Resource Requirements for Design Alternatives.

4,2,8.1 Test Description

The following preliminary program plan was provided by Pratt and Whitney. It is
based on the development of a high performance, staged combustion, bell nozzle,
oxygen-hydrogen rocket-engine module rated at a vacuum thrust level within the

100, 000-500, 000 Ib. range and having variable thrust and mixture ratio capability.
The completion of Preliminary Flight Rating Test (PFRT) will be 42 months after
start of the program and completion of an engine Model Qualification Test (MQT) 15
months thereafter. The extent of work necessary to develop the engine module was
based on experience in the RL-10 program, during which 640 engine system tests were
conqucted over a 36-month period from the initiation of design to PFRT.

Component testing will be accomplished prior to incorporating these items into the
engine assembly. Tests of the flight fuel and oxidizer turbopumps, preburner, main
combustion chamber, two-position nozzle, low-speed inducers, and control system
components will be conducted as early in the program as additional facility and hard-
ware procurement will permit. Continuing component testing throughout the develop-
ment period is planned to establish and develop component performance and to deter-
mine operational limits of the components within the limitations of the engine environ-

ment. These tests are planned to supplement the main effort of flight engine system
development testing.

The engine module program will consist of development testing to achieve the system
operating characteristics, performance, maintainability, versatility and reliability
commensurate with manned vehicle requirements and to fully explore and resolve the
vehicle/engine interface problems. All engine test stands are designed to permit full -
duration firings of at least 600 seconds. A high percentage of the firings will be con-
ducted for this duration. Eight experimental engines will be active at the time of the
PFRT. Approximately 700 full -scale engine firings will be conducted prior to the
PFRT. An additional 1300 firings, including tests under simulated operational attitude
conditions, will be conducted in the period between the PFRT and the completion of the

95



4.2.8.1 (Continued)

MQT. Included in these firings will be engine-to-vehicle integration tests that will be

conducted on a test stand designed to simulate the vehicle interfaces. The major pro-

gram milestones and the overall engine module program schedule are shown in Figure
40 2. 8 . 1"'1. .

An engine module as defined in the preceding and following discussions relates to the
individual high pressure bell engine assembly which includes a one twenty-fourth sec-
tion of the regeneratively cooled plug plus a gas generator to provide pressurization
gas for the base plug. Twenty-four of these individual modules will be assembled
around the base of the plug to comprise the total engine system. The engine module

for the injection stage is the complete engine. (The number of complete engines varies

from two to six depending upon the injection stage configuration. )

No major new engine test facilities will be required, as the engine systems will be
tested by individual module. The first complete test of the assembled main stage

engine system will occur at the first static firing of the main stage as discussed in a
subi.equent section,

‘Component Development

The development program for the major components will include extensive performance
and reliability testing at simulated service conditions. The tests of the fuel turbopump,

oxidizer turbopump, preburner and main combustion chamber injectors, combustion
chamber assembly, and control system elements will be conducted to assure the re-
quired reliability and performance of these components prior to incorporation into the
PFRT engine configuration. Tests of the fuel and oxidizer turbopump assemblies will
be conducted to develop satisfactory operation over the full operating range, with par-
ticular attention to the starting and transient performance. The combustion and igni-
tion systems will be tested to ensure safe, reliable, and repeatable performance
compatible with engins requirements. Similarly, the propellant control and shutoff
valves must be developed to the point where required performance and reliability
characteristics have been demonstrated. Concurrent with the engine test program,
the component programs will be continued to reflect new component design require-
ments as dictated by the results of the engine development program,

Within the overall program, testing of the preburner assembly is scheduled

1o establish satisfactory ignition and combustion prior to incorporating in the

flight engine test program, Ignition tests are planned to provide the starting propel-
lant flow rates. These tests will establish the preburner starting envelope in terms
of mixture ratio, chamber pressure, and the required propellant flow rates.

Subsequent tests are planned to evaluate performance, endurance, and the response
rates of the preburner system at operating pressures and temperatures. The impor-

tant preburner development milestones, development schedule and parts requirements
are shown in Figure 4.2.8,1-2,
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4,2,8,1  (Continued)

Utilizing modified flight components, the ignition, start transient, and steady-state
operating conditions will be investigated. The ignition tests will establish the pro-
pellant starting flows and valve sequencing. The steady-state and transient tests will
subject the preburner to the pressures, temperatures, and stress levels simulating
engine operation. The transient testing will also provide an assessment of the control
scheduling required to achieve the desired acceleration and deceleration transients.

Tests to establish the preburner temperature profile are required to assure uniform
radial and circumferential temperature distributions consistent with turbine dura-
bility and performance requirements. Preburner tests will be made over the full
range of engine operation to investigate and establish the combustion stability margin
of the configuration using a pulse gun to trigger a pressure wave during preburner
operation. The effects of inlet pressure, inlet temperature, and mixture ratio on
combustion performance will be established through repeated tests.

Main injector and combustion chamber tests will be conducted by utilizing
both pressurized facilities and the flight engine high-pressure fuel and
oxidizer turbopumps, modified controls, and the preburner to supply

the high-pressure propellants to the main chamber assembly. The
important milestones of the main combustion chamber and injector program
plus the parts requirements are shown in Figure 4.2.8.1-3.

Nonfiring tests of the main injector utilizing water on the oxidizer side and gaseous
nitrogen on the fuel side will be conducted to evaluate atomization and distribution of
the injector configuration. High-speed photography and spray pattern measuring
equipment will be used to evaluate both circumferential and radial flow distribution
prior to actual combustion tests. Internal propellant flow passage pressure losses

will be measured. Hot firing tests of the injector with heavy duty, uncooled thrust
chambers are planned to evaluate the stability and efficiency of the injector, to con-
firm injector element spacing and propellant mixing characteristics. The tests to
evaluate combustion system performance will be conducted on both pressurized facili-
ties and the flight engine. The susceptibility of the injector and thrust chamber assem- i
hly to combustion instability will be evaluated by pulsing the chamber'and measuring ¥
the time required for the pressure to decay. The effect of variations of propellant
inlet temperatures, inlet pressure, and mixture ratio on combustion performance
will be included in the test series. Evaluation of alternative injector designs, incor-
porating varying numbers of point sources and different orifice configurations, is also
planned. Long-duration engine tests are scheduled to obtain an endurance evaluation
of the injector mixture ratio profile on chamber durability.

The testing of the cooled combustion chamber will be integrated with development
engine testing. These tests will utilize the regeneratively cooled nozzle assembly to
obtain proper coolant inlet temperature and pressures to the transpiration cooled
combustion chamber, The major objectives of this test program are performance
and the optimization of the cooling flow requirements to be consistent with the engine
durability and life requirements. The program will also include the evaluation of

Sl PRI TR SRR B

99



Months After Start
of Program 0 llo 20 10 £0 46
Release Flight Main
Injector Design .
! Release Production Part 1 List

Release Flight Relzase 2nd Alt Design
Main Chamber
Design

Design
Receive Cooled Rig
Receive Alternative Configuration
Procurement RN T T T TR RI I
Receive Injecto, Receive Cooled Rig
1 —Investigate Auto Ignition in Main Chamber
t Alt tive r |
Test Alternativ Conduct Stability Tests Complete PFRT

Design

Facilities and
Test T B N SO e

Cooled Chamber Test Flight Design T_
Establish Configuration for PFRT

001

Conduct Uncooled Chamber Tests Flight Design

Hardware Equivalent
Sets of Parts Procured/Quarter 2 2 2 3 4 3 3 3 3 3 2

Rig Rebuilds/Quarter . ’ 5 5 7 10 12 15 8 8 8 8

No. of Tests/Quarter 15 15 18 20 35 40 40 40 38 35 15

Pratt & Whitney Rircraft - L~ N— . 680909
A FD 128178

FIGURE 4.2.8.1-3 MAIN COMBUSTION CHAMBER AND INJECTOR
DEVELOPMENT PROGRAM

FLORIDA RESEARCH AND DEVELOPMENT CENTER

r”.




4.2,8.1 (Continued)

component performance and durability testing over the full operating range of mixture
ratios and chamber pressures. An automatic data recording system will be utilized to
measure combustion chamber and propellant pressures, coolant temperatures, and
propellant flow rates to permit calculation of combustion and heat transfer character-
istics in the cooled combustion chamber and regeneratively cooled nozzle section,
Instrumentation will be incorporated in the transpiration cooled wall to measure the
metal temperatures to assess adequacy of the design and establish the operating mar-
gin. An investigation into potential combustion instability of the injector when opera-
ting with the transpiration cooled thrust chamber is also included. Forced pressure
oscillations will be established with a pulse gun, and rate of decay of the forced oscil-
lation will be recorded. Nonfiring tests to demonstrate structural integrity of the
thrust chamber assembly will be included. These tests will subject the chamber
assembly to vibration and pressure loading, simulating normal and abnormal engine )
operating conditions.

The turbopump program will include testing to further develop the required
performance of the various subcomponents (such as bearings, seals, and thrust
balance systems) as well as extensive performance and endurance testing

of the complete turbopump assemblies under simulated engine operating
conditions. The major milestones of the turbopump development with hardware
requiremnients are shown in Figure 4.2.8.1~4. .

The objective of the fuel turbopump program will be to obtain performance, durability,
and reliability commensurate with engine requirements. Extensive testing is planned
with the complete turbopump assembly as well as with subcomponents such as bearing
and thrust balance rigs. Turbine power will be obtained from heat exchangers as
shown in the schematic of the test facility in Figure 4.2.8.1-5. Propellant supply
lines, which simulate the propellant inlet ducts of the vehicle, will be included in the
facilities to evaluate vehicle system interactions on the engine system and particularly
the low-speed inducers and main turbopumps. The program will include testing of the
fuel low-speed inducer in conjunction with the fuel turbopump. The turbopump assem- ]
blies will be instrumented to measure propellant flow rates, pressures, temperatures, §
rotational speeds, and vibration. Starting tests will be included to establish the pro-
pellant inlet conditions required to achieve transient turbopump performance consistent
with engine requirements. Provision for alternative designs of inducers, impellers,
and turbine cooling configurations, as well as alternative materials, will be included
in the program to determine their effect on performance and durability. The planned
subcomponent and complete turbopump assembly testing will permit the determination
and development of the transient performance of the turbopump under simulated engire
operating conditions, as well as provide endurance testing of the bearings and thrust
balance system prior to engine testing.

The primary objectives of the oxidizer turbopump development program will be to
establish the performance, durability, and reliability commensurate with engine re-
quirements., This testing is planned with subcomponent seal, bearing and thrust
balance rigs, as well as with complete turbopump assemblies, Additional tests will
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4,2,8.1 (Continued)

combine the low-speed inducer and simulated vehicle inlet plumbing to obtain an
accurate simulation of the main pump inlet conditions., Turbine power will be sup-
plied by a heat exchanger using gaseous hydrogen as a working medium, A sche-
matic of the test facility is shown in Figure 4,2, 8, 1-6 to obtain performance data
during the starting, transient, and steady-state operation, the turbopumps are in-
strumented to provide temperature, pressure, flow, vibration, and speed data.
Starting tests will establish the propellant inlet conditions required to obtain pump
performance consistent with engine requirements. Alternative designs of inducers,

impellers, turbines, and cooling configurations, and alternative materials will be
evaluated,

The primary objectives of the low-speed inducer development program will be
to obtain the required component performance and reliability, The major milestones

of the low-speed inducer development program with parts requiremerts are shown
in Figure 4.2.8.1=-17,

Water tests of the oxidizer low-speed inducers will be conducted with the flight design
to assure the desired head-flow and suction specific speed characteristics prior to
integrating the inducer into rig and engine tests. Performance evaluations will define
the pressure-flow-efficiency characteristics of the inducers, particularly for the low-
flow high-speed conditions that are required during engine starting. Tests will also
be made to define the sensitivity of the inducer performance to variations in the pro-
pellant inlet conditions. The durability of the flight liftoff seal designs will be estab-
lished through component and engine testing. Cyclic endurance tests to determine the
fatigue life of the bellows assembly will be made. Turbine power will be provided by
gaseous hydrogen for the fuel inducer and gaseous nitrogen for the oxidizer inducer,
The oxidizer and fuel low-speed inducers may be tested with their respective main
pumps.

The Thrust Vector Control (TVC) system for the main stage multichamber/plug
engine system will consist of actuators which hinge the different engine modules

to provide the lateral thrust vector. The lateral reactions from this type of system
can be analytically determined with reasonable accuracy. (The toroidal /aerospike
engine system, however, will use injection of liquid oxygen about the base of the
plug to provide the necessary lateral force. This type of engine system is
dependent upon specific configuration layouts and its performance is more
sensitive to altitude effects, Anticipated lateral reactions as a function of injectant
flow are difficult to determine analytically for the overall flight regime.) As no
test facility will be provided for conducting tests of the overall main stage engine
system and its associated TVC over the altitude range that will be encountered in
flight, the first operational test of the thrust vector control system will be in
conjunction with the first R&D flight test. Design of these systems therefore must
rely on extensive model tests and analytical studies to assure successful operation
during the initial flight test,.

104




G0tT

Actuator

Oxygen \
Turbopump g‘
Low=-Pressure A \ 7 7
Liquid Oxygen ~— ﬁ
» Tank

Actuator W ® | Hot Water
Tanks
Heat
Exchanger
No. 2
——— To Disposal |
Area A
» To Pond
Data .
Recording ' — #» To Burnstack
System
High~-Pressure
Hydrogen Gas ——— Test Component
Storage Test Facility
Pratt & Whitney Rircraft ... U o ' FD?ligbt:‘A

IR O ALHA? 1 (G
FLORIDA RESEARCH AND DEVELOPMENT CENTER qo

FIGURE 4.2.8.1~6 HIGH-PRESSURE OXYGEN TURBOPUMP TEST
FACILITY SCHEMATIC



Months After Start
30 40 50 60

of Program 0 10 20
r—Rzlease Indufer Water Rig Design
3

Release Fuel and Oxidizer Inducer Designs
Release Alt Inducer Designs

Release Production Parts List

Design R

Procure Details Water Test Rig
{ '

Procure Fuel and Oxidizer Inducers

Procure Alt Designs

PR
~ s

Pizocurement

| . r————— Establish PFRT
Release Design Water Rig Test Stand

'
Complete Water Rig Test Stand

Complete PFRT

Complete Qualification Test

Facdilities and Test

Cryogenic Inducer Tests
{ Bearing Rig and Seal Rig Test
Inducer Water Test
Hard Inel Ri
s * "::c sectl. p‘.g:g. Fuel 2 2 3 3 2 2 2 2 f 2 2 2 2 1 1 1] 1 (1] (:
o . \Per Quarter . Oxidizer 2 2 3 3 2 2 2 2 2 2 2 2 2 1 1 0 1 0 0
o .
Rig Tests Water Rig 50 30 12 I
Per Fuel Inducer 10 10 8 8 8 8 3 8 8 8 8 8 8 8 8 6
(0“3"2 !') Oxidizer Inducer 10 10 8 8 8 8 8 8 e 8 8 8 8 8 8 6
Brg - Fuel/Oxidizer 5/} S/ 5/5 5/5 |}5/5 5/5
Rig Rebuilds Sesil = Fuel/Oxidizer s/is] sis s/5  s15 |sss
Per Water Rig 15 10 5
Quarter, Fuel inducer ’ 5 5 4 4 4 4 4 4 4 4 4 4 4 4 3
. ' .
Oxidizer Inducer 5 5 4 4 4 4 4 4 4 4 4 4 4 3
Brg Fuel/Oxidizer s/s| s/s 5/ 5/5 |5/5 5/%
Seal Fuel/Oxidizer s/5|] S/5 5/5 5/5 |5/5
No. Active
Inducers and Rigs pyue) 2 4 5 5 4 4 3 3 2 2 2 1
] 1]
Oxidizer 2 4 5 5 4 4 4 3 3 2 2 Z 1
Brg - Ful.% xidizer 1/1 1/1 1/1 1/1 1/1 1/1
Seal - Fuel/Oridizer 1 1/1 1/1 1/1 1/1
Pratt & Whitney Rircraft ---- ,.U commomaren . ¢.:0909
A. ' FD 124188

FLOMDA WESEARCH AND DEVELOPMENT CENTER

FIGURE 4.2,8,1-7 LOW-SPEED INDUCER DEVELOPMENT PROGRAM




[ESeE

SRS |

A

4,2,8.1 (Continued)

The module control system development program plan is based on extensive design
effort, analog simulation, and development testing to produce a reliable system com-
patible with the demands of a variable thrust, variable mixture ratio rocket engine
with a specified time-between-overhauls (TBO).

To achieve these goals, the control system development program will be divided into
two phases: 1) the development of transient and steady-state functional performance
characteristics to meet engine and vehicle requirements, and 2) the development of
mechanical performance that will provide the required engine durability and relia-
bility.

Experience has shown that extensive test bench performance evaluation and develop-
ment testing will minimize control problems during engine testing. Information ob-
tained from this type of testing will be integrated into a computer simulation that
ultimately will utilize these data in conjunction with engine test data to more fully
define the design of the control system components.

Cyclic endurance testing of the control system springs and seals, as well as cyclic
endurance tests of complete valve and computer asseinblies under simulated operating
conditions, will be conducted. Instrumeniation will measure actuation pressures and
valve position to determine if valve response is compatible with the engine start and
shutdown sequence demands,

The test schedules, parts delivery schedule and facility requirements are shown in
Figure 4.2,8.1-8,

Engine Module Development Program

At least 700 full -scale engine module firings, totaling at least 63, 000 seconds of opera-
tion, are considered necessary at the time of completion of the PFRT. These tests
will include simulated vehicle environments, propellant lines, and interfaces. This
engine development program was estimated to consume the equivalent of 34 sets of
engine parts through the PFRT portion of the program. An additional 1300 firings,
totaling over 234, 000 seconds, will be required at the time of completion of MQT.

For this latter phase of the program, it was estimated that the equivalent of 23 sets

of engine parts will be consumed. Figure 4.2. 8, 1-9 illustrates the details of the
engine development program,

The primary objectives of the engine test program will be the development of

the required engine pertormance, durability, and system reliability within the
expected vehicle operating environment. To attain these objectives, tests of engines
to the limits of their endurance and performance are planned. Deficiencies
uncovered by these tests will then be rapidly eliminated by engine changes.
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4.2,8.1  (Continued)

The major areas to be investigated are the interactions between the components and
subsystems and the operation of components in the overail vehicle/engine system en-
vironment,

Testing of the engine module will include engine steady-state operation at all thrust
levels throughout the throttling range of the engine and over the full mixture ratio
range, as well as the start-to-idle and shutdown transients under both sea level and
vacuum back pressure conditions. Engine performance, system stability, and dura-
bility tests at intermediate thrust levels, as well as full thrust conditions, will be
conducted. Engine test facilities are required that will simulate high altitude pres-
sure conditions at part power and during the start-transient. Engine tests are also
planned with an atmospheric exhaust. Engine test facilities will include the capability
to simulate the vehicle propellant feed system to investigate system dynamics during
start and thrust transients.

Engine module testing with the complete control system is planned to develop the
control system and resolve interactions that would not normally be detected during
component testing. Tests to evaluate the capability of the control system to provide
accuracy, repeatability, and stable engine module operation over the mixture ratio
and thrust ranges. It will be required to demonstrate the suitability of the control -
system to maintain safe engine operation during accelerations and decelerations.
Tests are planned to determine the effects of replacing control system and engine
components on engine module performance and frim. Tests will demonstrate the
capability of the engine to repeat mixture ratio and thrust level trim settings within
the desired accuracy. Computer simulations of the engine and control system are
planned to assist in the design phase of the program and will be maintained throughout
the development program to study ... -blems,

The repeatability of the ignition sequ: ::2e, including delay time between activation of
the igniters and the attainment of comb ‘stion will be substantiated by tests in which
the preopellant flow rates, spark rates, and combustion chamber pressures are meas-
ured. By establishing the ignition characteristics under simulated altitude and sea
level starting conditions, the requirements for all flight modes will be investigated.

Quantitative measurement of leakage will demonstrate the ;| dequacy of static seals.
Measurements of propellant flows from system overboard ve.'s during engine opera-

tion will be included. These data will assure compatibility of the engine module with the

vehicle installation.

Engine module performance at all thrust levels and mixture ratios over the engine
operating range will be established during the engine development program. Computer
programs will assist in the reduction and analysis of these data. Flight instrumenta-
tion, as well as supplementary instrumentation, will establish component performance
and overall engine performance. ~
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4.2.8.1 (Continued)

Malfunction tests are planned to assure that the engine will operate or shut down
safely without damage to the remainder of the vehicle after a failure or malfunction
of the electrical power supply, control input signals, or propellant supply systems.

Environmental tests will assure that the engine can withstand the anticipated
environmental conditions without structural failure, excessive static leakage, or
performance deterioration. These environmental tests will include high and low
temperature, salt atmosphere, gimbal, and vibration testing.

Prior to initiation of the PFRT or MQT, each engine module designated for these
tests will be required to pass an Acceptance Test as specified in an engine model
specification. These Acceptance Tests will include engine tests that demonstrate
engine operation and performance in accordance with the engine model snecifications.

PFRT testing will be conducted at the design thrust levels as specified in the engine
model specifications. Testing will be required at sea level and simulated flight
altitude conditions. The acceptance and calibration testing of the engine components
at simulated service conditions in accorance with an engine model specification

will be included. | ’

After completion of the PFRT, the development effort will be directed to improving
the performance and reliability, increase the service life, and support field and
flight test programs. Engine module development after PFRT will include

testing under simulated vehicle interface conditions to improve the engine/vehicle
integration and overall system performance. Possible revisions to the control,
electrical, pneumatic, and propellant interface conditions will be evaluated on a

test stand that simulates the vehicle interface. The development through MQT is
predicated on a high rate of engine testing with emphasis on full-duration tests.

The engine systems development program will be supplemented by a series of
environmental tests on the components and subsystems. These tests will evaluate
the component performance and demonstrate the reliability of components under
simulated service conditions, including acceleration loading, vibration, temperature,
and pressure. All components will be required to complete the component testing

as defined by the MQT requirements specified in an engine model specification,

prior to initiation of the engine qualification testing. Engine qualification tests will
be required that include the test durations and cycles over the range of environmental
conditions specified in an engine model specification.

4.2.8.2 Resource Requirements

The following resource requirements outlined those requirements for development
and qualification of the multichamber/plug engine module as provided by Pratt
and Whitney. (Resource requirements for development of the toroidal/aerospike
engine system are discussed in Section 9.0-Resource Requirements for Design
Alternatives.)
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4,2,8,2 (Continued)

Engine test facilities will be required to simulate high altitude pressure conditions at
part power and during the start-transient. Engine tests are also planned with an at-
mospheric exhaust. Engine test facilities will include the capability to simulate the
vehicle propellant feed system to investigate system dynamics during start and thrust
transients. Existing test facilities and other new facilities required for recurring
acceptance testing can be adapted to these tests for the individual engine modules.

The gross overall program costs for the engine test programs were provided by Pratt
and Whitney. These costs were categorized by applying percentage factors against

this gross cost. These percentage factors were developed from J-2 engine historical
cost data.

Table 4.2, 8,2-1 shows the resulting costs for the AMLLV main stage engine module
development, PFRT and qualification program. Table 4.2.8,2-II shows the required
propellant and its associated cost for accomplishment of the AMLLV main stage en-
gine module test program. Tables 4.2.8.2-III through -VIII show similar data for the
AMLI.V injection stage engine test program and for the MLLV main stage engine
module and MLLYV injection stage engine test programs respectively. Table 4.2,.8,2-
IX summarizes the above eight tables and shows total overall program cost for the
liquid engine test programs.

Table 4.2.8,2-1, AMLLV MAIN STAGE ENGINE MODULE
DEVELOPMENT AND TEST COSTS

(MULTICHAMBER/PLUG)

B! Costs Component | Engine PFRT | Qual. Total
Engineering $ 44.1M $ 68.5M | $15.3M | $15.3M | $143.2M
Test 21.3M 25.1M 3.8M 3.8M 54, 0M
Equipment 3.8M 11.4M ' 15.2M
Tooling (Basic) 3.8M 7.T™ 11.5M
Fabrication 21,3M 84,6M | 24.5M | 24.5M | 154.8M

Subtotal $ 94.3M $ 197.3M | $43.6M | $43.6M | $378.8M
Note: Engine Module Vacuum Thrust = 793, 000 pounds.
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. | Table 4,2.8.2-. AMLLV MAIN STAGE ENGINE MODULE PROPELLANT
3 CONSUMPTION - PFRT AND QUALIFICATION TESTS
(MULTICHAMBER/PLUG)

Oxygen/Hydrogen Mix Ratio = 6:1
. 2,000 PFRT and Qualification Tests

Total Consumption 2,350,000,000 LBS.
Oxygen 2,014,285,715 LBS
Hydrogen 335,714,285 LBS
f Cost

- " Oxygen $.015 X 2,014,285,715 LBS = $ 30,214,286

5 Hydrogen $.25 X 335,714,285 LBS = 83,928,571

{» Total $ 114,142,857

i

%f&

- Table 4,2,8.2-III. AMLLV INJECTION STAGE ENGINE

*{ DEVELOPMENT AND TEST COSTS

i
"B'" COSTS Component Engine PFRT Qual, Total

§ Engineering $ 24,0M $ 37.0M |$ 8.3M |$ 8.3M|$ 77.6M
Test 11,5M 13.5M 2., 1M 2. 1M 29,2M

o Equipment 2,0M 6.2M 8.2M

}L Tooling 2,0M 4.2M 6.2M
Fabrication 11,5M 45,7TM 13.2M 13.2M 83.6M

{ 4 Subtotal $51.0M $ 106.6M |$23.6M |$ 23.6M | $ 204.8M

- | | %
Note: Engine Vacuum Thrust = 250,000 pounds.
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Table 4.2.8,2-IV. AMLLV INJECTION STAGE ENGINE MODULE
PROPELLANT CONSUMPTION - PFRT AND

QUALIFICATION TESTS

Propellant Consumption Inc. Ancillary Fluids
Oxygen/Hydrogen Mix Ratio = 6:1
2,000 PFRT and Qualification Tests

Total Consumption 740,000, 000 LBS
Oxygen 634,285,715 LBS
Hydrogen 105,714,285 LBS

Cost

" Oxygen $.015 X 634,285,715 LBS = $ 9,514,286
Hydrogen $.25 X 105,714,285 LBS = 26,428,571

Total $ 35,942,857

Table 4.2,8,2-V. MLLV MAIN STAGE ENGINE MODULE

DEVELOPMENT AND TEST COSTS

"B COSTS Component Engine PFRT Qual, Total
Engineering $ 31,0M $ 48.2M| $ 10.8M| $ 10.8M | $ 100,8M
Test 15,0M 17.6M 2, T™ 2.T™ 38, 0M
Equipment 2,7M 8.1M 10.8M
Tooling (Basic) 2,T™™ 5.4M 8.1M
Fabrication 15, 0M 59,6M 17.2M 17.2M 109, 0M

Subtotal $ 66.4M $ 138.9M | $30.7TM | $ 30.7M | $ 266.7TM

Note: Engine Module Vacuum Thrust = 408, 000 pounds,
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Table 4,2.8,2-VI, MLLV MAIN STAGE ENGINE PROPELLANT
CONSUMPTION - PFRT AND QUALIFICATION TESTS

Propellant Consumption Inc, Ancillary Fluids
Oxygen/Hydrogen Mix Ratio = 6:1
2,000 PFRT and Qualification Tests

Total Consumption 1,210,000, 000 LBS
Oxygen 1, 037,142,857 LBS
Hydrogen 172,857,143 LBS

Cost

Oxygen $.025 X 1,037, 142,857 LBS = $ 15,557,143
Hydrogen $.25 X 172,857, 143 L.BS 43,214,286

Total $ 58,771,429

Table 4,2,8.2-VII, MLLV INJECTION STAGE
DEVELOPMENT AND TEST COSTS

"B" COSTS | Component | Engine PFRT | Qual. | Total
Engineering $ 16.4M $ 25.6M $ 5.7TM| $ 5.7TM| $ 53.4M
Test ' 8. 0M 9.3M 1.4M 1.4M 20,1M
Equipment 1.4M 4,3M 5.TM
Tooling 1.4M 2.9M 4.3M
Fabrication 8., 0M 31.6M - 9.2M - 9,2M 58, 0OM

Subtotal - $ 35.2M $73.TM $ 16,3M| $ 16.3M | $ 141,5M
Note: Engine Vacuum Thrust - 125,000 pounds,
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Table 4.2.8,2-VIII, MLLV INJECTION STAGE PROPELLANT

CONSUMPTION - PFRT AND QUALIFICATION TESTS

Propellant Consumption Inc. Ancillary Fluids

Oxygen/Hydrogen Mix Ratio = 6:1
2,000 PFRT ard Qualification Tests

125K Thrust

Total Consumption

Oxygen
Hydrogen

Cost

Oxygen $.015 X 317,142,858 LBS
Hydrogen $.25 X 52,857, 142 LBS

Total

370, 000, 000 LLBS

317,142,858 LBS
52,857,142 LBS

= § 4,757,143
= _ 13,214,286

$ 17,971,429

Table 4.2.8.2-IX. MAIN AND INJECTION STAGE ENGINE MODULE

DEVELOPMENT COST SUMMARY

(MULTICHAMBER/PLUG)

AMLLV MLLV
1. Main Stage Engine Modules $378,800,000 $266,700, 000
Propellant 114, 142,857 58,771,429
2, Injection Stage Engine Modules 204,800,000 141,500, 000
Propellant | 35,942, 857 17,971,429
TOTALS $733,685,714 $484,942,858
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4.2.9 Solid Rocket Motor Stage (SRM's) Development Tests

This section defines the SRM development and PFRT test program. The SRM
stage attach structure will be manufactured at the Michoud stage manufacturing
facility. Three sets of this hardware will be shipped to the solid rocket motor

(SRM) manufacturing facility for final assembly and testing with other SRM stage
components.

4,2,9.1 Test Description

a.

Propellant Raw Material Tests

All raw materials used in the propellant formulation will be analyzed and
standards for acceptance established.

Components Tests

All of the following major components will be subjected to individual development
tests: - )

1. Forward and aft skirts
2. Attachment structure

3. Separation motors

4, Safe and arm mechanism
5. Ignition system

6. Destruct system

7. Electrical systems

8. Instrumentation systems

9. Thrust vector control system

- 10. Heat shield

11. Raceway
12, Environmental control ducts
13. Mountings and fairings

14. Attachment structure separation system
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4.2,9.1 (Continued)

Each of the above items will be subjected to additional functional test checks
to obtain performance and reliability data.

c. Solid Motor Stage Development Tests

Four 260-inch motors will be static tested during the development program.
These tests will verify the performance and structural integrity of the solid

motor; provide thermal,acoustical and vibration data; and provide reliability
data.

d. SRM Preliminary Flight Rating Tests (PFRT)

Six motors will be subjected to Preliminary Flight Rating Tests (PFRT)
testing., At least three of these tests will include a complete stage system
assembled to the motor (with exception of the nose cone) to provide additional
data beyond that obtained in the above component tests. These tests will
verify the final design and provide increased confidence level to the relia-
bility estimate.

SRM/Transportation Equipment Integration Test

The SRM/Transportation Equipment Integration Test will be performed to satisfy
the following objectives:

a. Demonstrate that the transportation dynamic loading criteria for the SRM
stage, as defined by the approved SRM stage design criteria, is not exceeded
while loaded in defined transportation equipment and while being subjected
to dynamic loading conditions which simulate actual land and sea dynamic
lcading conditions.

b. Demonstrate that the transportation equipment such as tie downs, transportation
harnesses and dollies, mounting provisions, shock absorbers and transportation
barge equipment survive and function in accordance with their approved design
criteria under systems operation, and while being subjected to controlled
maximum dynamic environment.

c. Denionstrate that the specification requi‘féments for the transportation
equipment are compatible with the specification requirements of the SRM stage.

An operationally configured inert propellant SRM stage will be positioned in its
operationally configured transportation equipment. Instrumentation will be cali-
brated and data acquisition system will be connected, calibrated, and end to end
checked. The test specimen inecluding Data Acquisition System will be transported
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4.2.9.1 (Continued)

by barge for a sea transportation test. Sufficient test runs will be accomplished
to evaluate all critical modes as defined by the contractor and concurred in by
the customer.

Tests shall demonstrate extent of compliance only. Redesign or retest requirements
shall be negotiated. Test data shall be limited to stress, strain, displacement,
acceleration, velocity, temperature, and humidity measurements. The quantities,
ranges, accuracies, etc., of these data shall be defined at a later date. However,
as a limiting factor, the Data Acquisition System shall be capable of recording 100
channels of data per run and shall have a capability of providing quick look data.

4,2,9.2 Resource Requirements

SRM Costs for Development Testing

The following Tables 4.2.9.2-I through 4.2.9.2-IV show the development costs for
the 260 inch SRM stages for the AMLLV and MLLV. These figures were compiled
by Aerojet-General and Boeing/Michoud. They cover the complete period of
develoyment and testing of the AMLLV/MLLV and SRM stages through the two
planned R&D test flights.

4,2.10  Flight Tests

Final qualification of a rocket boost system can only be realized when the booster

is used in a mode that duplicates the operational environments. When a boost system
is to be man-rated, some un-manned flights must precede the manned flights in order
to qualify the system. In the Saturn V program, two flights were considered adequate;
therefore, two successful flights of the maximum size vehicle (for any given AMLLV
or MLLV program) will be assumed adequate for the R&D program.

4,2,10.1 Test Description

Each R&D flight test includes the launch of a highly instrumented booster vehicle with
either a simulated or unmanned payload. Because of the extra instrumentation and
communication equipment required for sending data to the ground stations, the usable
payload is reduced. Use of these test vehicles to deliver unmanned payloads to orbit
can be considered as a program bonus if the risk of losing the payload is not critical.
This study does not consider the cost or value of this facet, but assumes the payload
is government fiirnished. '

Flight verification tests, unmanned, will demonstrate safe functioning and achieve-
ment of minimum performance.requirements of the components of a vehicle or space-
craft system, when exposed to unmanned operating conditions, to the extent that

the vehicle can be man-rated.
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TABLE 4.2.9.2-1 SRM DEVELOPMENT TESTING COST SUMMARY - AMLLV &
MLLV '

NON-RECURRING - DEVELOPMENT TESTING
AMLLYV (1) MLLV (1)
£
1. Dev./PFRT Program i
Motor $ 86,951,000 || $ 69,321,000
Stage 34,684,000 33,037,000
2. Other Program Costs 16,133,000 14,758,000
3. Mifg. Development for Attach Hdw. 126,000 118,000
TOTALS $137,894,000 || $117,234,000

(1) SRM Contractor's (Aerojet-General) Input
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TABLE 4.2.9.2-II SRM PREFLIGHT RATING TESTING - AMLLV & MLLV

NON-RECURRING

DEVELOPMENT TESTS

i DEV/PFRT
AMLLV (1) MLLV (1)
Motor Costs Quantity Cost Cost
. 1. Chamber 10 $26, 397,000 $20, 374,000
2. Nozzle:
2 Shell 10 12,650,000 5,446,000
- Ablataves & Exit 10 10,401,000 9,372,000
. Cone
% Actuators (2 Motors) 10 Sets 872,000 858,000
t APU (2 Motors) 10 Sets 1,543,000 1,509,000
a 3. Case Insiallation 10 1,628,000 1,605,000
- 4, Propellant and Liner
Materials 15, 345,000 11,966,000
- Igniter 12 434,000 357,000
b,
b Shipping 10 1,698,000 1,297,000
Manufacturing Labor
Process and Test 10 6,067,000 4,875,000
Inspection 10 1,779,000 1,428,000
Subtotal $78,814,000 $61,252, 000
Test Facilities 8,137,000 8,069,000
i Total Aerojet Development
i Motor Cost Less Fee $86,951,000 $69, 321,000

Rt i s 4

(1) AEROJET INPUT, OCTOBER 31, 1963
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TABLE 4.2.9.2-IIT SRM PFRT STAGE COMPONENTS - AMLLV & MLLV

NON-RECURRING - PFRT

*STAGE COMPONENTS

10

Structural Components

Heat Shield $2,070,000
Raceway (Tunnel) 620,000
Environmental Control Ducts 410,000
Mounting and Fairings 2,220,000

Electrical System
Instrumentation

Stage Separation Components
Initiation Components

Destruct Charges and Firing Components
Forward Attach Structure

Aft Attach Structure

Fittings

TOTAL STAGE COST

$ 5,300,000 $ 5,300,000

9,400,000 9,400,000

—

11,000,000 || 11,000,000
280, 000 280, 000
298,000 298,000

5,532,000 | 4,395,000
1,668,000 || 1,353,000

—14_2'0,,6’000 1,011,000

$34,684,000 Il $33,037, 000

*Costs are for three complete sets of stage components used in PFRT
Program by Aerojet
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TABLE 4.2.9.2-1V

OTHER PROGRAM COSTS

DEVELOPMENT TESTS

DEV/PFRT

SRM PFRT DEVELOPMENT COSTS - AMLLV AND MLLV

1. Labor

Subtotal

Test Facilities

2. Component Development

3. Special Test Equipment

TOTAL COSTS LESS FEE

Management & Administration
Engineering
Test Equipment Design

AMLLV (1)

MLLV (1)

$ 1,578,000
7,597,000
233, 000
4,982,000

1,100,000

$ 1,538,000
7,173,000
242,000
4,097,000

1,065,000

$15,490, 000

643,000

$16, 133,000

$14,115,000

643, 000

$14, 758,000

(1) AEROJET INPUT, OCTOBER 31, 1968
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4.2.10.1 (Continued)
The prime objectives of flight tests are:

a. Evaiuation of hardware characteristics and operational procedures which cannot
be adequately evaluated by ground testing.

b. Acquisition of flight data and correlation of these data with the results of
ground tests.

0

Flight verification of the launch vehicle and ground support equipment prior to
manned flight.

d. Flight verification of stage subsystems affecting crew safety prior to manned
flight.

e. Ground crew training.
Prerequisites that will be satisfied before launch of each R&D flight are:

a. Ground qualification, reliability demonstration and certification of flight
worthiness. This will include static test firing of each stage on the launch pad,
and refurbishment, prior to vehicle stacking for launch. (See Section 7.0,
Launch Operations Plan.)

b. Flight verification of critical equipment.

c. Each flight space vehicle will be as complete as practicable; i.e., no dummy
stage, modules or subsystems, with the exception of a simulated payload.

4.2.10.2 Resource Requirements

The flight test vehicle will consist of a main stage and a GFE simulated payload with
an instrument unit, plus injection stage module(s) and SRM stages where applicable,
The estimates for specimens, launch operations and propellants have been modular-
ized to facilitate costing of the various vehicle configurations for each of the AMLLV
and MLLV programs.

Individual stage (specimen) costs were obtained from the "C" category estimates
with allowances for the additional R&D instrumentation. '

Transportation of the test specimen elements, from factory to the launch site, is
included in the specimen cost.

Estimates were provided for specimen costs, engineering manhours, non-engineering
manhours, launch facility maintenance, and expendibles used for processing each

R&D flight test vehicle through a complete cycle. These estimates are shown in

Table 4.2,10,2-I for the AMLLV and Table 4.2.10.2-II for the MLLV. From these
inputs, total R&D flight test costs were developed and are shown in Tables 4.2,10.2-III
through 4.2.10.2-VI.
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TABLE 4.2.10.2-1 AMLLV FLIGHT TEST RESOURCE ESTIMA TES

ggl1

MAIN INJECTION INJECTION 12 SRM MAIN STAGE +
ITEM STAGE STAGE STAGE STRAP-ON IU + 3 MODULE
+ ENGINE FUEL | STAGE INJECTION +
1U MODULE MODULE 12 SRM'S
@ ENGINEERING
MANHOURS 1,249,000 m@ 102,000 m/h 32,000 m/h| 161,000 m/h 1,544,000 m /h|
@ NON-ENGINEERING
MANHOURS 19,121,000 m/hf 1,580,000 m/h| 504,000 m/h {2,368,000m/h 23,573, 000 m/hj
LAUNCH FACILITY {
MAINTENANCE/LAUNC!# $8,750, 000 -0- -0- $1,150, 000 $9,900, 000
* EXPENDIBLES $4,905, 000 $545, 000 $545, 000 -0- $6,540, 000
NOTE: These Launch Operations resource requirements for the R&D flight
. tests were developed from the operational flight launch operations
resource requirements provided by BATC. (See Section 7.0). The
former requirements reflect the increased launch cycle time (9 mos.),
and the increased instrumentation required for the R&D flight vehicles.
*Without Burden

s
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TABLE 4.2.10,2-II

MLLV FLIGHT TEST RESOURCE ESTIMATES

MAIN INJEC TION INJECTION SRM MAIN STAGE +
ITEM STAGE STAGE= STAGE = STRAP-ON IU + 3 MODULE
+ ENGINE TUEL STAGE INJECTION +
I1U MODULE MODULE (8) 8 SRM'S
@ ENGINEERING '
MANHOURS 1,195,000m/h| 101,000m/h 28,000 m/h 126, 000m/h 1,450, 000 m/h
@ NON-ENGINEERING
MANHOURS 18,296,000m/h|1,536,000m/h 43,000m/h | 1,928,000m/h | 22 191,000m/h
LAUNCH FACILITY
MAINTENANCE/LAUNCH $8,750,000 -0- -0- $1,150,000 $9, 900, 000
EXPENDIBLES 8¢ $2,452, 875 $272, 542 $272, 542 -0- $3,270,500
NOTE: These Launch Operations resource requirements for the R&D flight

¥ WITHOUT BURDEN

tests were developed from the operational flight launch operations
resource requirements provided by BATC. (See Section 7.0). The -
former requirements reflect the increased launch cycle time (9 mos.),
and the increased instrumentation required for the R&D flight vehicles.
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TABLE 4.2.10,2-1

SINGLE-STAGE-TO-ORBIT COSTS - R&D FLIGHTS

COST ELEMENTS AMLLYV MLLV
R&D FLIGHT #1 # 2 #1 # 2
Flight Stages $188,611,000 | $171,730,000 | $146,216,000 | $133,186,000
Propellants . 6,573,000 6,573,000 3,287,000 3,287,000
Instrument Unit (IU) 9, 346,000 9,346,000 9,346,000 9, 346,000
Instrumentation (R&D) 24,555,000 24,555,000 24,324,000 24,324,000
Payload GFE GFE GFE GFE
" Launch Maintenance 8,750, 000 8,750, 000 8,750,000 8,750,000
Launch Operations 174,324,000 | 174,324,000 165,856,000 | 165,856,000
SDF 6,169,000 6,169,000 6,169,000 6,169,000
Systems Evaluation & "
Integration (SE&I) 8,480,000 8,480,000 8,480,000 8,480,000
* TOTAL COSTS $426,808,000 | 409,927,000 $372,428,000| $359,398,000

* Includes Transportation,
Facility and Equipment
Maintenance Costs
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TABLE 4.2.10.2-1V

INJECTION STAG};S ERNGINE MODULE COSTS - R&D

-

{

FLIGHTS
COST ELEMENTS AMLLV MLLV
R&D FLIGHT #1 # 2 . #1 # 2
Flight Stages $24,210,000 | $22,298,000 $19,444,000 $17,855,000
Propella_nt 730,000 730,000 365,000 365,000
| Instrument Unit NC NC NC 'ﬂ NC
Instramentation (R&D) 5,988,000 5,988,000 5,775,000 5,775,000
Payload GFE GFE GFE GFE
Launch Operations 10,731,000 16,731,000 9,491,000 9,491,000
Systems Evaluation &
Integration (SE&I) *x = 972,000 972,000
. % TOTAL COSTS $41,659,v00 | $39,747,000 $36,047,000 | $34,458,000 }
* Includes Transportation,
Facility and Equipment
Maintenance Costs
** Tncluded in Launch Operations ($972, 000)

!
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TABLE 4.2.10,2-V

INJECTION STAGE FUEL MODULE COSTS - R&D FLIGHTS

COST ELEMENTS AMLLV MLLV
R&D FLIGHT #1 # 2 #1 # 2
Flight Stages $13,242,000 | $12,050,000 | $ 9,596,000 $ 8,732,000
Propellant 730, 000 730,000 365,000 365,000
Instrument Unit NC NC NC NC
Instrumentation (R&D) NC NC NC NC
Payload GFE GFE GFE GFE
Launch Operations 5,323,000 5,323,000 4,565,000 4,565,000
Systems Evaluation &
Integration (SE &I NC NC NC NC
* TOTAL COSTS $19, 295, 000 $18,103,000 | $14,526,000 | $13,662,000

~ * Includes Transportation,

Facility and Equipment
Maintenance Costs '

'yf"



TABLE 4.2.10.2-VI SOLID ROCKET MOTOR (SRM) STRAP-ON COSTS - R&D FLIGHTS

0€T

COST ELEMENTS AMLLV MLLV

R&D FLIGHT #1 # 2 #1 # 2
Flight Stages (1) $138,633,000[(1) $126,389,000i(2) 3 78,687,000(2) $ 71,464,000
Delta - Forward Skirt 4,630, 000 4,630, 000 2,950,000 2,950,000
Instrument Unit NC 'NC NC NC
Instrumentation (R&D) 16,704,000 16,704, 000 i1, 136,000 11,136,000
Payload GFE GFE GFE GFE
Launch Opefrations 8,209, 000 8, 209,000 8,092, 000 8,092,000
Launch Maintenance 1,150,000 1,150, 000 *k *k
Systems Evaluation &
Integration (SE&I) 1,150,000 1,150,000 1,150,000 1,150,000

* TOTAL COSTS $180,808,000| $168,534,000] $113,473,000{ $106,850,000

* Includes Transportation

Facility and Equipment

Maintenance Costs
(1) Cost for 12 SRM stages. (2) Cost for 8 SRM stages.
** Included in Instrumentation ($1, 150, 000)
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4.2.11 Ground Support Equipment (GSE) and Launch Vehicle Ground Support
Equipment (LVGSE) Test

This section defines the specific ground tests which must be performed on all
GSE/LVGSE equipment. These tests are grouped under five major test phases:

Acceptance Phase (nonrecurring);

Operational Development Phase (nonrecurring);

System Integration Phase (nonrecurring);

LVGSE Pre-Launch Checkout Phase (nonrecurring and recurring);
LVGSE Post-Launch Checkout Phase (recurring).

O Qo0 TP

These major test phases and the specific ground tests applicable to each phase are
descrikcd in subsequent paragraphs. The tests are generally applicable to GSE
W at the manufacturing test facilities, and to LVGSE at the launch site.

= 4.2.11.1 Test Description

Acceptance Phase - The GSE/LVGSE Acceptance Phase will encompass all testing
performed on equipment prior to delivery to the procuring agency. Implementation
- of these tests will be the responsibility of the hardware contractor as specified in

" subsidiary test plans or contract specifications. The procuring agency will estab-
lish contractually the prerogative to select (on a random or planned basis) hardware
- produced by the contractor, and subject it to independent verification and inspection
B tests. The various tests that may be performed during this phase will include,

but not be limited to, the following:

a. Structural Tests - Qualification tests to determine the ability of equipment to
withstand predicted or measured static and dynamic forces to be encountered

§-m in operational use, assembly, storage, transportation, and handling;

"

. b. Environmental Tests - Production acceptance tests on equipment performed
o under environmental rigors other than ambient for the prime purpose of
' verifying the quality of ground equipment;

c. Quality Assurance Tests - Any planned and systematic pattern of testing,
including in-process tests, to provide adequate confidence that the equipment
will perform in actual operations;

d. Qualification Tests - Any tests of GSE/LVGSE parts, components, subassemblies
and subsystems which are performed to demonstrate that the design is inherently
¢ capable of meeting established requirements;
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4.2.11.1 (Continued)

e. Reliability Tests - Any tests of GSE/LVGSE parts, components, subassemblies and
subsystems performed to demonstrate that the hardware will perform its

required functions under designated conditions and time for a specified opera-
ting period;

1

f. Electromagnetic Interference Tests - Any tests of equipment performed to
determine the presence of unwanted electrical or magnetic fields;

g. Functional Tests - Any tests of equipment performed to demonstrate that the "
item operates as specified; _g

h. Development Tests - Any tests of equipment performed to ascertain design ;
feasibility and suitability. These tests are conducted under simulated or actual }

environmental conditions;

i. Acceptance Tests - Any tests performed on equipment prior to delivery to %
ascertain conformance to contractual specifications. Successful completion
of these tests will serve as the basis for acceptance of the contract end item o
by the NASA procuring agency.

Operational Development Phase - This phase of testing covers those operational
development tests that will be conducted on the GSE/LVGSE at the various contrac-
tor/NASA facilities. These facilities encompass the System Development Bread-

board Facility, Swing Arm Umbilical Test Facility and the various facilities that 73
utilize the computer systems for programming and control.

The System Development Breadboard Facility (SDBF) will be used to verify the 7
MLLYV Automation Plan, and the adequacy of the LVGSE during test operations.
All LVGSE allocated to SDBF that is common to that delivered to the Launch
Complex will be representative quality hardware that has met all specified test 7
requirements.

The Swing Arm Test Facility will be used to verify the adequacy of the launcher
swing arms and tail service mast operations. This includes verification of the
coupling, decoupling, and retraction of the umbilical carriers. Requirements for
testing umbilical carriers following installation will be specified in subsidiary
test plans. NASA will have the prime responsibility for implementation of all test
activities at this facility.

Computer systems will be utilized throughout the AMLLV/MLLV test program to
insure effective testing through automation. Computer systems requirements for

'test activities will be specified in subsidiary test plans.

System Integration Phase - This phase of testing will encompass the installation,
checkout, integration, and qualification of all GSE at the manufacturing and test
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4.2,11.1 (Continued)

- complexes and of LVGSE installed at the Launch Complex. These tests will be
conducted for the purpose of checking out, grooming, calibrating, and assessing
the performance of the overall GSE/LVGSE systems. LVGSE contractors will

- provide NASA with technical support as prescribed. It is planned that certain
of these tests will require the utilization of the facility checkout vehicle and
simulators. The tests to be performed in this phase will be divided into four
categories as follows:

a. GSE/LVGSE Checkout Tests - These test will ensure that each functional
- GSE/LVGSE subsystem is adequately checked out and groomed;

b. GSE/LVGSE Operability Tests - These tests will ensure that each functional
- GSE/LVGSE subsystem meets the AMLLV/MLLV program requirements as
they relate to operability and performance. In general, these tests are
conducted to determine adequacy of individual subsystems to support overall
- GSE/LVGSE systems testing. Final calibration of each subsystem will occur
E at this time. The LVGSE tests will be directed by NASA with technical
support from contractors as required;

¢c. GSE/LVGSE System Functional Transmission Tests - These tests will

. determine inter and intra GSE/LVGSE subsystem compatibility as it pertains
e to physical and functional interfaces. In general, these tests will utilize

E simulated inputs to evaluate each command, monitored or recorded function
from source to final recipient;

d. GSE/LVGSE System Qualification and Performance Tests - These tests will
determine overall GSE/LVGSE system performance and compatibility with the

A facility (F) vehicle as they relate to physical, functional, electrical and

* mechanical interfaces. In general, these tests will be conducted with the

) faciiity vchicle and simulators. Upon successful completion of these tests,

the GSE/LVGSE will be considered ready to support AMLLV/MLLYV operations

N ' at the manufacturing test facilities or Launch Complex.

LVGSE Pre-launch Checkout Phase - This phase of testing will cover the operational
tests that are performed on the LVGSE after the equipment has been installed and
has successfully completed the preceding test phases. The implementation of these
& tests will be the prime responsibility of NASA with support from contractors as

| required.

B These tests will be conducted for the purpose of verifying the compatibility and

b capability of the LVGSE for operational use with operational flight vehicles. It is
intended that these tests will be performed on the facility (F) vehicle. The tests

P to be performed during this phase will be divided into four elements as follows:
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4.2.11.1 (Continued)

a.

Launch Vehicle GSE Functional Tests - These tests will be performed on
operational LVGSE to verify that the equipment is ready for interfacing with
the first launch vehicle. These tests and test documentation will be the prime
responsibility of NASA. Contractor technical support for these tests will be
determined by NASA;

LVGSE Compatibility Tests - These tests will be performed primarily to
verify the compatibility of LVGSE with the ground and first launch vehicle.
These tests will provide assurance that the LVGSE is operationally compatible
prior to checkout of the launch vehicle. These tests will be the prime respon-
sibility of NASA;

LVGSE Special Tests - These tests will be performed to encompass those areas
in which certain unique application of LVGSE is involved. In general, these
tests will be conducted for special evaluation of LVGSE. These tests will be
the responsibility of NASA;

Pre-Use Checkout and Verification - As a minimum, the following ground
support equipment checkout requirements must be fulfilled:

1, Ground support equipment at the instailation site will be checked out
initially through self-verification or other appropriate means prior to
connection with each item of space vehicle hardware. After connection
of ground support equipment to space vehicle items, a systems compa-
tibility check will be made prior to beginning the checkout of the space
vehicle items,

2. Subsequent pre-use checkouts will be performed prior to each launch
to verify the readiness of the ground support equipment,

3. Final verification tests of the ground support equipment will be performed
- during subsequent flights of unmanned or manned space vehicles.

LVGSE Post-Launch Checkout Phase - This phase of testing will cover those
operations to be performed on the: LVGSE after the vehicle has been launched,

‘and to prepare the LVGSE to support the next launching. This will include refur-

bishment and modification operations, LVGSE verification tests, and pre-use tests.
Testing will be performed to verify functional integrity of the LVGSE that was
refurbished, modified, or replaced. This phase will be the responsibility of NASA
with the support of contractors as required. '

Functional tests will be conducted on the LVGSE following refurbishment, modifi-
cation, or introduction of new equipment. These tests will be conducted to verify

134

., ‘
N4

LM.,;;MJ‘

14

L R Lo




IR

4,2.11.1 (Continued)

functional integrity of the LVGSE. NASA will have prime responsibility for func-
tional tests and will be supported by contractors as required.

Verification tests are system tests that are required to assure compatibility of
modified or newly introduced LVGSE within the launch complex. NASA will have
the prime responsibility for verification tests and will be supported by contractors
as required.

4,2,11.2 Resource Requirements

Resource requirements for ground support equipment (GSE) at the manufacturing
and test facilities, and launch vehicle ground support equipment (LVGSE) at the
static firing and launch facility are generally covered in the test plans for these
complexes. In other cases the test costs, in particular those for acceptance testing,
are included in the hardware procurement costs and are not identifiable. The
foregoing test plan was prepared to guide the orderly development of ground

support equipment, and to assist in costing this ground support equipment at the
various areas of usage.

4

135




4.3 MANUFACTURING AND OPERATION TESTS (RECURRING TESTS)

This section of the test plan describes the recurring tests applicable to the AMLLV
and MLLV launch vehicle families (see prior Table 4.1.1.0-I). Figure 4.3.0.0-1
depicts the flow of these tests and shows the number of the applicable sections where
the tests are discussed in detail. Acceptance tests shown are applicable to all
elements of the vehicle families, i.e., the main stage, injection stage and the
strap-on stages, and to their respective components and subassemblies. Resource
requirements for these tests are not shown in this section as these tests are an
integral part of the manufacturing process, and the rescurce requirements are
included in the resource requirements for the manufacturing plan in the following
Section 5.0. The main and injection stage static firing test resource requirements
over and above those required for launch of the vehicle are shown. The resource
requirements for the SRM stage sub-systems and systems test are discussed.

The resource requirements for the pre-launch test and checkout are discussed

in the subsequent launch plan in Section 7.0.

E
s
|
e
E
E
]

4.3.1 General Acceptance Tests

Acceptance tests are conducted on all hardware to determine conformance to design
or specifications as a basis for acceptance. Acceptance tests shall be performed
on each production article defined by Contract End Item (CEI) specification. The
test requirements shall be defined in the CEI and a data package shall be completed
by certified quality control inspection, and shall accompany each delivered article.
The data package shall include acceptance test data with approval shown by quality
control (QC) inspection stamp, and a complete drawing and documentation package.

First Article Inspection (FAI) shall be conducted on the first delivered production
article. The FAI data package shall be essentially the same as for acceptance tests.
The test shall be conducted by a NASA team assisted, as required, by contractor
personnel. Where applicable, completion of FAI shall constitute certification of
flight worthiness and manrating. Acceptance tests shall be performed under the
surveillance of the applicable NASA Centers or their authorized representatives.
The tests which fall under the category of General Acceptance Tests are as follows:

a. Receiving Tests
b. In Process Tests
1) Screening Tests

2) Ambient Tests

3) Environmental Tests
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FIGURE 4.3.0.0-1 MANUFACTURING AND OPERATIONS TESTS FUNCTIONAL FLOW




4.3.1 (Continued)

4) Quality Verification Tests

c. Post Manufacturing Test

A general description of these tests and the basis for these tests is presented in
the following paragraphs.

Receiving tests are non-destructive, functional tests performed for the purpose
of acceptance on piece parts, components, or assemblies on receipt by a manu-
facturer or a using agency. These tests shall be performed on 100 percent of
the functional (operating) items. A receiving test run under other than ambient
conditions may also be considered an acceptance environmental test.

In process tests are production tests conducted for the purpose of acceptance and
include all tests performed at intermediate points between receiving tests and start
of final manufacturing checkout. Principal tests in this category are screening
tests, ambient tests, and environmental tests. Description of these tests are
shown below:

a. Screening tests are production tests conducted for the prirpose of acceptance
and are tests employing non-destructive environmental, electricai, or mechani-

cal tests to identify anomalous items. The NASA Center shall establish detailed
screening test requirements.

b. Ambient tests are production tests conducted for the purpose of acceptaince under
ambient environmental conditions such as pressure, temperature, etc., normal
for the test location. The NASA Centers shall establish the detailed ambient
test requirements. ’

c. Environmental tests are production tests conducted for the purpose of acceptance
under environmental rigors other than ambient for the prime purpose of verify-
ing the quality of the flight hardware or ground equipment. The NASA Centers
shall establish the detailed acceptance environmental test requirements.
Environmental test levels may be lower than mission environments, provided
the NASA Centers determine that such a lower level will reveal all critical
quality defects.

In order to guarantee that production items continue to reflect the same quality of
workmanship and conformance with design specification that prototype items por-
trayed, quality verification tests shall be conducted. Selected production items
shall be disassembled and inspected in detail for conformance with specification,
acceptable workmanship and for potential failure hazards. The findings shall be
formally documented and transmitted to the customer.

138

timaentas €

[TE LTy

pmidiia s

s N
sramimrie b

e b et




s Y

3

i

e

oy
Vol o

-y
o

prrmEsEy

e

¥t

FOCH

i
ks

F Db, 3
(RN |

4.3.1 (Continued)

Post-manufacturing checkout tests are performed for the purpose of acceptance after
final assembly at a manufacturer's plant to assure as a minimum that hardware:

a. Was manufactured in accordance with design documents, drawings and
specifications,

b. Will function in accordance with design specifications and intent,

cC. Will mate physically and functionally with other flight and ground support
equipment items.

The successful completion of manufacturing checkout is a prerequisite to assembly
into a higher hardware generation level at another contractor's plant or NASA
installation,and for shipment to an acceptance static firing or installation site. The
requirements of post-manufacturing checkout are similar to those of prelaunch checkout.
In fact, the redundant systems with on-board capability can be used directly for
post-manufacturing checkout by supplying a properly programmed computer,

4.3.2 Main Stage and Injection Stage Static Firing Tests

Static firing tests of stages and modules for acceptance testing are performed

1) for the purpose of verifying propulsion and control systems integrated performance,
and 2) for verifying the capability of all systems to function under the environments
generated by the engines operating at full thrust (or variable thrust where applicable)

The need to captive test fire stages is presently justified by the need to develop and
quaiify the stage/engine combination and the need to develcp confidence in the accurate
repeatability of the manufacturing and quality assurance methods. The objective

of acceptance static firing as stated above, infers that when confidence is estab-~
lished, the tests may be discontinued.

Acceptance test static firing of the main stage and injection stage will be accomplished
in the launch stand. The launch facility will be required to withstand the environment
imposed by the firing and will include a sonic buffer zone to the nearest populated
area. The activity normally accomplished by a launch crew will be very similar to
that done by a static test crew. The launch facility was therefore planned to accommo-
date both the main stage and the injection stage for static firing and refurbishment -
activities.

A separate acceptance static firing test facility could not be justified as :

a. Acceptance static firing of the completed stage could be discontizned
after the first few vehicles are flown,
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4.3.2 (Continued)

b. A separate test facility would be expensive not only due to the cost of
test stands, but also due to the size of buffer zone required.

c. With the low production rate, a separate test facility would be occupied
only half time.

Acceptance firing of stages could be eliminated and replaced by acceptance firing
of individual engines or segments of plug nozzles. Test firing of engines is neces-
sary to demonstrate that they operate within specified performance (thrust and Isp)-

In addition a cold flow test of the stage will be needed to demonstrate equipment operation

within specified requirements.

In addition to the expense of land purchase for a separate static firing facility,
extensive costs would be incurred for the construction of stands and data acquisition
facilities, propellant storage and transport, and transportation and handling stages
to and through the test facility.

With the lc.v production rate, not more than two stages would pass through the
facility each year. Each S-IC stage (at this time) is at MTF for two months for
static firing acceptance testing. Studies conducted by KSC indicated that ten (10)
weeks would be required for the same test on the AMLLYV core. The studies further
indicate that both the core and injection stages can be static fired, refurbished,
vehicle stacked, checked out and launched in less than a 30 week period. All this
can be accomplished in the launch complex.

4.3.2.1 Static Firing Test Plan

The static firing test activities include the pre-firing test and checkout, the static
firing tests, the test and checkout prior to refurbishment, refurbishment and a
detailed post-firing checkout. Each liquid propulsive flight stage or module will
be subjected to at least one captive firing to verify flight readiness.

Upon receipt at the static firing facility, a stage or module to be tested will undergo
an inspection to determine if the configuration is adequate and if any damage has been
incurred during transportation from the manufacturing facility. The extent of this
inspection shall be determined by the cognizant NASA Center, but as a minimum will
be as rigorous as that inspection which the item will receive in premating checkout.
Pre-static firing checkolit procedures, equipment and test countdown will duplicate,
as nearly as practicable, those to be utilized during actual launch.

The flight sequence of events, such as engine, throttling, cut-off and staging will be
simulated in the static firing tests. The static firing test measuring program will
include all measurements which are to be monitored during actual launch and flight.
Since the vehicle flight instrumentation system will be one of the items undergoing
test, test measurements will be acquired not only by facility instrumentation systems
but by the on-board test and checkout system as well.
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4.3.2.1 (Continued)

At the completion of static firing test and prior to maintenance, the tested stage or
module shall be thoroughly checked out for structural, electrical, and functional
integrity to assure that no system degradation has resulted from the static firing test.

After checkout in accordance with the above paragraph and after maintenance and
refurbishment, the tested stage or module will be subjected to a post-static firing
checkout which will be equivalent to the post manufacturing checkout. Post-static
firing checkouts of stages and modules will be the final acceptance tests performed
for the purpose of verifying that the hardware is suitable for launching.

The static test procedures and activities, because of their integral part of the
launch activity, are discussed in further detail in the Launch Plan in Section 7.0.
The static firing time lines for the main stages and injection stages are shown in
Figures 4.3.2.1-1 and 4.3.2,1-2 respectively (see Table 7.3.3.0-I in Section

. .0, Launch Plan, for code number breakdown). There will be no acceptance static
firing tests for the solid rocket motor stages.

4.3.2.2 Resource Requirements

Use of the launch facility for the static test program means that much of the tooling,
equipment and facilities provided for the vehicle launch can be used for the static
tests. Use of the launch facility does not, however, negate the requirement for
manpower and materials to conduct the tests. Some additional equipment and tooling
also will be required such as the positioning and holddown adapters to hold the
stages during test. After static test, the launch facility will require refurbishment
prior to launch. Refurbishment and post test checkout is also required for the stage
or module prior to assembly into the flight configuration.

Six months (26 weeks) is ground ruled for the complete launch cycle, but the time
lines for the early flights allow 32 weeks, which can be shortened by paralleling
certain operations which are now sequential. The overall time for static firing and
refurbishment as illustrated by the combined main stage (M/S) and injection stage
(1/S) time lines (Figures 4.3.2.1-1 and -2) is 22 weeks; 69% of the total launch
cycle of 32 weeks. Since other launch complex activities are in progress during
this time period, only a percentage of the total launch complex manpower is
chargeable to this operation. This was estimated to be an average of 48%.

Applying appropriate percentages to the manpower requirements per launch cycle
contained in the Launch Plan, Table 7.3.1.0-I, the following Table 4.3.2,2-1

was derived. Fuel requirements shown for the injection stage are for the 3 module
version, and should be reduced by 1/3 for each wafer removed.
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MAINSTAGE (C/S) STATIC FIRING SILO REFURBISHMENT

FUNCTION NUMBER AND NAME WEEKS (ALL TIMES BASED ON AROUND-THE-CLOCK OPERATIONS — 168 HRS/WEEK)
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

NOTE : NUMBER SHOWN TO RIGHT OF TIMELINE
IS TIME IN HOURS TO PERFORM FUNCTION

INSTALL STATIC TEST

COMPONENTS ﬂsaé
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Figure 4.3.2,1-1. MAIN (CORE) STAGE STATIC FIRING & REFURBISHMENT (TIME LINE)
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FUNCTION

INJECTION STAGE (1/5) STATIC FIRING SILO REFURBISHMENT

WEEKS (ALL TIMES BASED ON AROUND-THE~CLOCK OPERATIONS —~ 168 HRS/WEEK

7

8 9 10 , 11,

12

13 14

15 16 17

18 _, 19 , 20 , 21 , 22 23
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TRANSFER FLIGHT
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COMPONENTS
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PREPARE & TRANS. I/S TO
LAUNCH SiLO

REFURBISH PAD FACILITY

168

—— 148 |
I

#336

mm 16

- 24

/S STATIC FIRING
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1

e 36
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* 192

L" SILO REFURBISHMENT
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TO PERFORM FUNCTION

8
L 1/S POST STATIC FIRING REFURBISHMENT —»-

Figure 4.3.2.1-2 INJECTION STAGE STATIC FIRING & REFURBISHMENT (TIME LINE)
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TABLE 4.3.2,2-1 STATIC FIRING MANPOWER AND FUEL COSTS -

AMLLV AND MLLV

AMLLV MLLV
Main Stage (M/S)
Manpower $27,249, 937 $25,711,234
Fuel $ 1,221,275 $ 610,637
Subtotal M/S $28,471,212 $26, 321,871
Injection Stage (I/S)
Maripower $28,590, 380 $27,150,667
Fuel $ 154,550 $ 77,275
Subtotal 1/S $28,744, 930 $27,227,942
M/S & 1/S Total Manpower $55,840, 317 $52,861,901
M/S & 1/S Total Fuel $ 1,375,825 $ 687,912
Total AMLLV & MLLV $57,216, 142 $53,549,813
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4.3.2.2 (Continued)

The manhours required for static firing an injection stage with one, two or three
modules will not vary significantly. Each stage to be static fired will arrive at the
launch complex completely assembled and checked out prior to leaving the manu-
facturing facility. Handling and firing time would be the same, with a little longer
required to fuel up added I/S modules. Checkout time would vary according to the
number of engines, with the possibility also of some increase in refurbishment time
for the greater number of engines.

Table 4.3.2.2-1 tabulates the manhours and fuel costs for the M/S and I/S for both
the AMLLYV and half size MLLV for static firing, refurbishment and checkout. It is
indicative of the resources in time and money to be saved once the need for static
firing each flight stage has been eliminated. The goal of two launches per year will
be met more readily, with an annual saving of well over $50, 000, 000,

4,3.3 SRM Stage Subsystem/System Tests

In-plant tests of completed subsystems and/or major components will include:

a. Stage Sequencing System Test

Verify operation of stage sequence and control distributor function relays
by sending programmed coded signals from the computer.

b. Stage Instrumentation System Channel Identification Test

Verify operation of stage telemetry system to assure that each channel has
only the azsigned function.

c. Range Safety System Test
Verify generation of arming, engine cutoff, and SRM destruct signals by
transmitting open or closed loop RF commands to the stage range safety
command receivers.,

d. Simulation Flight Test

Verify operational readiness and mutual compatibility of stage and SRM
systems for launch and flight.

e. Commanded Premature SRM Separation System Test
Verify the presence of separation, and destruct signals only when the proper

combinations of malfunction signals (as generated by the computer) are received
from the computer.
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4.3.3 (Continued) A I

f. Stage Electrical Connections Test

,
LpEm——t |

Perform quality/acceptance tests to prove proper separation of electrical
connectors occurs on SRM staging. )

1

g. Separation System Test

Verify the presence of an acceptable SRM separation firing signal when the
separation firing system is actuated.

h. Stage Power Systems Test

Commed

Verify the presence of stage DC power at SRM connection points when the
proper signals are generated.

i. 260-Inch Case Pressure Test

Perform a hydro test of the solid motor case to prove capability to withstand
pressures encountered during launch and flight operations.

Il |

j. Solid Motor Thrust Vector Control (TVC) System Test

Perform a test of the TVC system to determine electrical and hydraulic system

functional operation. Calibrate the TVC deflection angle and response rate
to the input signals. ’

P

These tests will also be repeated at the receiving and inspection dock at KSC to

assure functionality (after transportation) prior to assembly of the solid stage to }
the core vehicle. i

4.3.4 Pre-Launch Checkout of Space Vehicles

The primary objective of the pre-launch checkout is to determine that the assembled
space vehicl: is ready for launch. NASA shall publish a pre-launch checkout plan
for each space vehicle. , Approximate inputs to the plan will be provided by subor-
dinate contractors. The plan shall include as 2 minimum:

a. Pre-launch checkout operations to be conducted on stages, modules, and the
space vehicle to verify readiness for launch.

b. Overall sequence and schedule for accomplishing space vehicle checkout operations.

c. NASA and contractor responsibilities and relationships and contractor controls.
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4.3.4 (Continued)

d. Working level test documentation and records requirements.

i

4,3.4.1 Prelaunch Test and Checkout Plan
The prelaunch checkout will include the following as a minimum:
a. Visual inspections to assure satisfactory physical condition.

b. TFunctional checkout and compatibility verification of all subsystems within the
space vehicle not confined within a stage or module. Includes verification of
instrumentation calibrations.

c. Electromagnetic interference test: First operational vehicle.

d. Simulated flight.

As this activity is integral with the Launch Plan, it is discussed in more detail in
Section 7.0,

4,3.4.2 Resources Implications

The following paragraphs describe the resource requirements for the prelaunch test
and checkout of the vehicle.

Launch Facilities and Equipment - Test

The launch complex will require equipment which can be broken down into two major
categories as follows:

a. Facility ground support equipment - GSE
b. Stage peculiar ground support equipment - LVGSE
Equipment falling under categories "a! and "b" was priced based on lists provided by BATC.

The following is a summary of the type of equipment required for prelaunch test and
checkout activities. ‘

Tacility Ground Support Equipment (GSE)

a. Propellant, tanking computer.

b. Wideband transmission system.
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4.3.4.2 (Continued)

c. Operational TV system.

d. Abort advisory.

e. Operational intercom system.

f. Photo optical system.

g. Launch data system.

h. Facility systems control and display.
i. Hazardous gas detection system.

j. Facility command and control computer.
k. Instrumentation data display system.
1. Facility monitoring system.

m. Central instrumentation T/M system.
n. Count clock.

0. Ground equipment test set.

Stage-Peculiar Ground Support Equipment (LVGSE)

a. Testand checkout computer,

b. Terminal countdo;wvn sequencer.

c. Launch vehicle control and djsplay.

d. Launch vehicle command and control computer.
e. Launch vehicle monitoring system.

Required Test GSE - SRM Stage

The ground support equipment required to support the processing of the SRM at the
launch site is listed below.
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4,3,4.2 (Continued)

a. Electronic checkout van.

b. Hydraulic power servicing unit.

c. Motor leakage pressurization unit.
d. Leak detection unit, helium type.
e. Pneumatic power supply cart.

f. Nozzle/TVC alignment kit.

g. Maintenance stands.

Manpower and Material Costing

Because the testing at launch site will include static firing of powered stages, and
test and checkout of the assembled vehicle in the launch mode, all ground support
equipment will be required along with the special test support equipment. This also
includes transportation and handling equipment. See Section 7.0, Launch Plan, for
manpower and material costs.
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5.0 MANUFACTURING PLAN

- This manufacturing plan presents the fabrication and assembly methods for the main

' stage, injection stage and solid-rocket motor stages of the AMLLV and MLLYV vehicle
configurations. The plans are, where practical, an extrapolation of fabrication tech-
- niques developed for the Saturn V/S-IC booster stage. By making use of the plans,
processes and tooling concepts for this stage, program costs for the fabrication of the

flight stages will be minimized. Differing manufacturing techniques are incorporated
into the plan where advantageous.

This plan was written for the MLLV family. The similarity of the MLLV and AMLLV
- . makes it possible to apply the same plan to the AMLLV family. Where differences do
exist, the AMLLYV data is shown enclosed in brackets following the MLLV data. In

some instances, where the data is complex, a separate subparagraph has been pre-
o pared.

The manufacturing plans include a description of each stage, a detailed fabrication and
r assembly plan for each stage, and the resources required to fabricate the stage.

The main stage, injection stage and SRM stages of the MLLV are described in detail in
g{‘ Volume II of this final report on contract NAS2-5056, "Cost Studies of the Multipurpose
i Large Launch Vehicle." The main stage, injection stage and SRM stages of the AMLLV
are described in detail in Boeing Documert D5-13421-2, Volume II of the final report
on contract NAS2-4079, "Study of Advanced Multipurpose Large Launch Vehicles".
Brief descriptions of these main stages are presented below:

The main stages of the MLLV and the AMLLV will be all aluminum structures using

the technology developed on the Saturn V/S-IC. The MLLV main stage will be 56.7

feet in diameter and 138 feet tall. The AMLLYV main stage will be 71.7 feet in diameter
and 158 feet tall. Both structures will consist of the following major subassemblies:

&

4

a. Forward skirt;
e b. LOX tank;
%‘ c.  LHg tank;
| d.  Aft skirt;
I e. Centerbody plug;
i f. Subsystems such as the propulsion/mechanical, electrical/electronic, etc.
7 The forward skirt will be an aluminum (7075-T6) mechanically fastened, skin-siringer-
Ki frame structure. It will be composed of skin panel subassemblies, an intermediate
) ring frame, a deep ring frame to react holddown loads and a forward interface angle-
ia ring for forward attachment to the payload or to the injection stage.
The LOX and LHg propellant tank will be welded aluminum structurcs, emploving welded
1 T-stiffeners in the cylindrical sections. They will be composed of upper and lower

i elliptical bulkheads welded from bulge formed gores and an insulated honeycomb semi-
elliptical common buikhead. 'LHs will be contained between the common bulkhead and
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5,0 (Continued)

the lower bulkhead, and LLOX above. An anti-vortex cruciform baffle will be loca-

ted inside the common bulkhead. Cantilever ring baffle assemblies will extend inward
from the common fitting of the common bulkhead and the junction ring fitting of the
lower bulkhead.

Twenty-four LOX tunnels will feed through the LHy tank from a LOX duct manifold
fitting in the center of the common bulkhead and will penetrate the LH, tank lower
bulkhead near the side wall in the vicenity of each engine. These tunnels will be

tied together inside the LHy tank and braced with high strength tension rods attached
to collars which surround each tunnel. LH, feed lines will emanate from a fitting

in the bottom center of the lower bulkhead and will extend radially inside the

LH, tank penetrating it near each engine. (If the toroidal/aerospike propulsion system
is used only eight feed lines are required.)

The aft skirt section will be a mechanically fastened assembly consisting of skin panel
subassemblies, thrust posts, intermediaiz ring segments, thrust ring segments, inner
splice plates, centerbody-plug post-attach fittings, and oxidizer fuel pressurization
manifolds with their respective attach fittings. Each of the skin panel subassemblies
will be a single preformed (7075-T6) aluminum sheet. Twenty hat sections extending
the full length of the panel will be mechanically fastened to each skin panel. Each hat
section will be reinforced with outer splice plates at the upper end of the skin panel to
provide additional strength at the lower bulkhead Y-ring attach points. An inner splice
plate will also be used in final assembly to provide an interface surface between the
rear of the lower bulkhead Y-ring and the skin panel inner surface. The intermediate
ring will be assembled in the final assembly fixtrs using the preformed segments.
Each segment will be mechanically fastened to the inner side of the thrust posts. The
lower thrust ring assembly will form the base of the aft skiri structure when its ring
segments are positioned and joined