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ABSTRACT

Nine volumes including this volume present the final report documentation
outlining the accomplishments for the "Cost Studies of the Multipurpose Large
Launch Vehicles" (MLLV), NASA/OART Contract NAS2-5056, This MLLV
cost volume presents the detailed costs for implementation and operation of
the elements of the Multipurpose Large Launch Vehicle family.

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 LOX/LH, propellant with either a multichamber/plug or toroidal/
aerospike engine system. The single-stage-to-orbit configuration will have a
pavload capability of approximately 500,000 pounds to a 100 nautical mile earth
orbit. With the addition of the strap-on SRM stages and/or LOX/LH, 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 detailed
cogt 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 AMLLV configurstions were determined to support the cost
analysis.

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

The Phase ITI activily counsisted of a detailed cost analysis of the smaller
Multipurpose 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 periormance, 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, Baseline MLLLV cost, is one of nine volumes documenting the
results of a twelve month study program "Cost Studies of Multipurpose Large
Launch Vehicles, ' NASA/OART Contract NAS2-5056. The objective of this
study was to define cost, cost sensitivities, and cost/size sensitivities 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:

a. The Advanced Multipurpose Large Launch Vehicles (AMLLV) as defined
under NASA/OART Contract NAS2-4079.

b. The Multipurpose Large Launch Vehicles (MLLV) as defined under this
contract and described in Document D5-13463-2, “"Half Size Vehicle
(MLLV) Conceptual Design. ™

The program documentation includes this "Baseline MLLV Cost Volume, "
Volums V plus a Summary Volume, a Design Volume, a Resources Volume,
Cost Volumes, Cost Implications Volume, Advanced Technology Implications
Volume, and Appendices Volumes, Individual designations for these volumss

are as follows:

Volume T

Volume TI

Volume I

Volume IV

Volume V

Volume VI

Volume V1I

Volume VIII

Volume IX

Summary

Half Size Vehicle (MLLV) Conceptual Design
Resource Implications

Baseline; AMLLV Costs

Baseline MLLV Costs

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

Advanced Technology Implications

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

Propulsion Data and Trajectories (Classified Appendices;

wi



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
from the Rocketdyne Division of the North American Rockwell Corporation.

These propulsion data were obtained from the propulsion contractors at no cost
to the contract. The material received encompassed not ouly the technical

data, but resources, cost, schadules and advanced technology information. This
support materially aided The Boeing Company in the preparation of a complete
and meaningful study and is gratefully acknowledged.

The study was administered under the direction of NASA/OART Mission

Analysis Division, Ames Research Center, Moifett Field, California under
the direction of the technical monitor, Mr., Edward W. Gomersall.
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1,0 INTRODUCTION AND SUMMARY

This Volume V, Baseline MLLV costs, is the fifth of nine volumes reporting

the results of the Contract "Cost Studies of Multipurpose Large Launch Vehicles, "
Contained in this volume are the results of the detailed cost. analysis of the
Multipurpose Large Launch Vehicle (MLLV) baseline vehicle family. This cost
analysis constitutes Phase ITI, Task 1 of the study program, Included in this
task, are the non-recurring and recurring costs for implementation and launch

of the baseline (MLLV) vehicle family.

Figure 1.0.0.0-1 displays the manner in which the costs are categorized. The
non-recurring costs are divided into two classifications; (1) "Get Ready Costs"
or A costs, which are identified as the costs associated with getting ready to
produce and operate the first production article (e.g., basic design, brick and
mortar facilities, tooling, fabrication and erection, ete.) and (2) "R&D Costs"
or B costs which are defined as all costs associated with the developmental
testing of hardware items (e.g., static test, dynamic test, flight test, etc.).
The recurring costs are identified as the "first unit' or C costs, which are
defined as all the costs associated with the production and launch of the first
flight vehicle,

The resource data were received from the effected working organizations in
terms of required manhours, materials, tooling, equipment and facilities.
Figure 1.0,0,0-2 displays these working organizations, their location relationships
and the type of input data submitted. This data was developed into cost
information by the addition of direct and overhead labor rates and factored items.
Direct cost increments were sequentially totalled with factored indirect
supporting costs, (Indirect and supporting costs include costs for quality control,
program management, planning, training, structures and other program
associated elements overhead and/or burdened costs and G&A). This data was
then subjected to a thorough review prior to inclusion in this document to insure
completeness, clarity and accuracy.

The depth of the cost reporting levels and supporting information necessitated
that this cost volume be divided into three books, This book (Book A) contains
the (Section 1.0) Introduction and Summary, (Section 2.0) Ground Rules and
Assumptions, and (Section 3.0) Get Ready or A Costs. The second book

(Book B) contains the (Section 4.0) Development Testing or B Costs, The
remaining book (Book C) contains the (Section 5.0) First Unit or C Costs,
Figure 1.0.0.0-3 shows the relafionship of the three books desecribed above to
their proper section of the Volume V documentation. Further, each of the
sections is subdivided into the areas of index, introduction, single stage vehicle
costs, etc., as shown in the right hand portion on this figure. Each of the
Book A through C costs are subdivided in the same manner to facilitate
understanding of the method of reporting the cost data and to provide comparahle
cost elements,
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1.0 (Continued)

With the A, B, and C costs shown in these three books of Volume V, the total
program costs for the selected baseline MLLV family are presented in a )
modular form which permit the determination of the cost of any desired phase,
element or category of the baseline MLLV family cost. This is illustrated in
Figure 1.0.0.0-4, With this detailed breakdown of costs, it is possible to
determine what impact these costs have on total program costs or it is
possible, through substitution, to insert revised or amended cost data in place
of the existing data.

An example of how the cost data can be used is illustrated by the "PIE" charts
contained on Figures 1,0.0,0-5 through 1.0.0.0-7 which display the "A",

"B'" and "C" costs by program element, for the MLLV single-stage-to-orbit
vehicle, These charts give a clear graphic picture of each major element

cost impact on the total program cost. For example, in Figure 1.0.0.0-7,

the MLLV single-stage~to-orbit first unit cost by element is shown. The
systems cost is 18, Opercent of the total vehicle cost. Further analysis of the
systems cost is shown in the lower left hand pie chart. The propellant/mechanical
systems are 59.1 percent of the systems cost. Examining this cost in more
detail shows that its major cost element is the contract end-item, which is

95,4 percent of the total cost. The contract end-item is then divided into its

cost by component as shown in the lower right hand pie chart, The major cost
element is the material cost, 62.8 percent., The material cost of the vehicle
system is, therefore, 62.8 x 95.4 X 59.1 = 35.4 percent of the systems cost

or 6,76 percent of the total vehicle cost. Similar comparisons of other

elements will permit identification of their costs as a percentage of the total
costs. With this data available, the desirability of a change (based on cost

only) can be readily analyzed. High cost elements can be identified and emphasis
can be placed upon these areas for further study,

Figure 1.0.0.0-8 through 1.0.0.0-10 display the "A", "B'" and "C" costs by

cost categories for the MLLV single stage to orbit vehicle, These charts display
the costs by categories such as tooling, engineering, quality control, etc.,
rather than by elements. These charts can be used to determine where cost
driving categories are and indicated areas where further study should be
undertzken to reduce costs.

Figures 1.0.0,0-11 through 1.0.0.0~13 summarize the complete "A", "B"

and "C" costs. These cost flow diagrams indicate the costs of components
and/or operations related to the various vehicle stages and identify the

applicable sections of this volume in which the detailed costs can be found.

The "B" cost flow diagram is repeated in Book "B' and the "C" cost flow diagram
is repeated in Book "C" to facilitate understanding of the method of presenting
the cost data,
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FIGURE 1.0.0.0-9 ‘I.VILLV ..SINGLE STAGE VEHICLE DEVELOPMENT TEST COST BY COST CATEGORIES



AN

TOTAL SINGLE STAGE VEHICLE
$372,428

o 1,

TEST 3.0

EQUIP, & FAC, 3.6%
TOOLING 1,8%

ENGINE INSTALL , 2%
LU L#

8DF OPS. 2.2
BELT 1,9

ENGINES
10.4

5.8% STRUCTURES

LAUNCH OPS,
85.7%

(DOLLARS IN THOUSANDS)

STRUCTURES LABOR
$16, 997

M¥G, & OPS,
81, 1%

ENGINES

FIGURE 1.0.0.0-10 MLLV SINGLE STAGE VEHICLE FIRST UNIT COST BY COST CATEGORIES



[---

SINGLE S§TAGE ENGINE MODULE
VEHICLE INJ. BTAGE
1,104, 638 $197, 740
3.1.0.0 3.2.0.0
- - r
STRUGTURES T FORWARD SRINT STRUCTURES
§232, 417 g21, 457 £53, 007
- 3.1.1.1
3.1.1.¢ LHZ TANK 3 1.0
SYSTEMS 115, 274 SYSTEMS FWD, 5KT.
$58, 023 1.1.1.2 126, 974 $13,618
2.1.2.0 LOX TANK 3.2.2.0 3.2.3.
T ENCINES $48,011 ENGINES LHg TANK
i 3.1.1.3 454, 805 $13, 396
TUNNELS ' 3.2.1.2
3.1.3.0 $9,781 3.2.9.0 T LOX TARK
OSE 3,1.1.4 GSE .$6,544
$58,556 THRUST STR. £7,399 3.2.1.8
£19, 871
TUNNELE
7 3.1.4.0 5115 1 3.2.4.0 $1,607
MFG. FAC. BASE PLUG MFG, FACILITY 3.2.1.4] i
155,138 $13, 925 $53,395 THRUST STR.
3.1.5.0 3.1.1.8 3.2.5.0 §16,828
LAUNCH STR. ASSY TAUNCH - 5.2.1.5
COMPLEX 1,156 COMPLEX FAC. STH.. ABSEMBLY
3.1.1.7] 32100 $891 :
3.1.6.0 3.2.6.0 3.2.1.8
PROP. MECH.
§31, 281 PROP & MECH,
NE;Z;;ASEJTY' 3.1.2.1 §5,725
' ELECTRICAL 4.2.2.1
3.1.6.1 $3, 928 FLECT.
ALT. DAD 39 3.1,2.2 &1, 337
$122, 400 INSTR. -
o 871 3.2.2.2
2.1.8.2¢ 30, :
—— BaloB 4.1.2.3 INRSTRU.
FLIGHT $7, 467
CONTROL 3.2.2.3
S3,708 4 o4 [F LIGILT CONTRO
5Y5. ASBY. $ 3 500
$9, 248 1.2.2.4
3.1.2.5 : S¥S, ASSEMBLY

§118, 705

MULTICHAMBER

¥

I -

| gen s

i 3.1.3.4f

{3

$ 6,935
3.2.%.5

FIIEL MODULE
$710

3.3.4.0

DELTA
 STRUCTURES
$710

3.3.1.0

FIGURE 1.0.0.0-11 MLLV VEHICLE FAMILY "GET READY" COST ("A' COST) SUMMARY

SAM STAGE SRM STAGE {8)
FIXED | QUANTITY
i YENSITIVE
$270, 5813 57, 860
s.2lo.0 3.5.0.0
A |
DELTA FWD. GSE
SKT. $165, 690
$19,729 ,
3.4.1.0 3.5.1,0
STRUCTURE FACILITY
$32, 745 1 $42, 170
3.4.2:0 3.5.2.0
“MOTOR
$a4,131
3.4.3.0
TAUNCH
COMPLEX FAC.
8162, 470
3.4.4.0
FAC.
$6,434
3.4.5.0
TBE
43,072
8:4.6.0
----- !
NOTES: ~ — - — JALTERNATE SYSTEMS.

DOLLARS;ARE IN THOUBANDS.
" NUMBERS.IN LOWER RIGITT CORNER
HESIGNATE APPLICABLE SECTION
NUI‘-EIBER FOR COST DETAILS,

®

14



VEY

SINGLE STAGE ENGINE MODULE
VEHICLE
$1,871,308 $308,103
4.1.0.0 4,2.0.0
STATIC LOAD TANK ASSY STATIC LOAD
$66, 420 $29, 098 $11,206
4.1.1.3
4.1.1.0 TIRUBT 5TR. 4.2.1,0
ENG. INSTAL, 56, 034 D'EV TEST
52 ] 4.1.1.2 $12, 000
TD. FWD. SKIRT|
i 4,1,2.0 $4, 076 ] 4.2.2.9
DTV TEST i 4,1.1.3 MFG, DEV.
§53,1.04 COMPONENTS $1, 701,
$4, 880
4,1,8.0 ! 4.1.1.4 4,2.3.0
MFG. DEV. AC. B&M EQIIP SYSTEMS TEST
59,523 21, 452 320, 000
4,1.1.5
4.1.4.0 4,2.4.0
SYSTEM TEST ENGINES
120, 000 §158, 471
4.1.5.0 4.2,5.0
ENGINES FAC. VEI,
25, 212
MULTICHAMBER $25,
L0 $325,4T8 4.2.6.0
AG. C/O VEH, p 4.1,6,1 ANUFACTURIN
T /o i_ TORQ]EZ'D%I.I.E Il MOCKUP
287, 536 286K - 120 i 793
Ll .. ]  B108,47L. | 193
4 4.1.7.0 i O_.A_.:.i-?r;z 4.2.7.0
MFG. VEIL. 1 1biF- 1200 PSI | 507
$5,116 _uh o sl el $7,215
I msigmar, T
4.1.8,0 I m*l; 2%9,? PSI |i 4,%.8.0
o !
BDF '1_ 195, 5.4 2 R&D FLTS,
$74,200 $70,505
i 4.1.9.0 4,2.9.0
A&D FLIGUTS
$731,826
4.1,10,0
WIND TUNNEL
$600
4.1.11.0

1.4.9,04

FUEL MODULE SRM STAGE
$58,015 $375,772
4,3,0.0 4.4,0.0
- STATIC LOAD
COMPONENTS STATIC LOAR COMPONENTS sa. 540 AT, FWD, 8KT,
$1, 578 $5, 295 [ $462 ’ $5, 250
2.1,
—— As;‘_ Ll 4.3,1.0 e As:_f'l'l 4.4.1.0 4.4,1.1
T - . COMPONENTS
53, 581 DTV TEST $2, 478 DTV $000
1.2.1.2 $7.181 _4.3.2.2 §18, 508 4.4.1.2
STAGE ASSY. STAGE ASSY. ‘
$6, 247 | 4.3.2.0 $2, 366 i 4,4.2.0
4,2.1.3 FAC, VENL. £.3,1.3 MFG. DEV,
$13,113 : $118
4.3,3.0 | 4.4.3.0
. . PFRT
SoF 6 MOTOR
32,288 $117,11 $69, 321
tado saanl 4.4,4.1
1 234 TAG. VEH OTHER PROGHA
2 R&D FLTH. s ‘219 . $14, T68
$28, 188 30, — 4442
4£.4,5,0 STRUCTURE
4,3.5.0 $33,037
) SDF 4.4.4.3
34,675
NOTE: UOUBLE THE
NUMBER IF CONFIGURATION | 4.4.6.0
TO BE FLIGHT TESTED HAS -2 R&D FLTS,
TWO FUEL MODULES $198,207
' 4.4.7.0
WIND TUNNEL
$400
4.4.5.0
STRUCTURAL | = —==m—
$3, 780 NOTESA— — = 4 ALTERNATE SYSTEMS.

DOLLARS ARE IN THOUBANDS,
NUMBERS IN LOWER RIGHT CORNER

DESIGNATE APPLICABLE BECTION

NUMBER FOR COST DETAILS,

FIGURE 1.0.0.0-12 DE‘:TELOPMENT TEST COST ("B" COST) SUMMARY

8
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Single Stage One Module . SRM STAGE SRM STAGE (8)
i S Pt o Quary
+§267,575 S s 24, 478
120 12,335 . $78, 08T
5.1.0,0 B9, o 12, 5.9.0.0 ‘ 9949 o0 5,5.0,0
Structures Forward Skirt Structurce Twd, Skt Structures Delta Fwd. Skt. Structures
$23, 444 $2, 353 $7, 891 4844 31,618 2, 950 $21,218
5,2.1.1
5.1.1.0 LH, Tank 5.2.1.0 —— 5.3.5.0 5-4.1i 5.5.1.0
Bystems §6, 742 Systems 5121 e Systems Launlnh :{amﬁ. Motar
$67,116 5. 87,485 "eae $2,411 §1,180 344, 308
LOX Tank LOX Tank
LOX Tank 5.4,2.0
5.1.2.0 $5,215 5.2.2.0 $1, 358 5.3.2.0 — 5.5.8,0
MULTICHAMBER| Englnes 5.1.1.3 Enginee %,2.1.3 Englnes Launch Ops. |~ Othor Stage
$50, B0O Tunnels 42,700 Funnels £2, 500 Tunnels $20,378 £11, 828
B 131 51,032 %561 _ §319 *$5, 305
U romoma—T— 5.1,3-0 5. 5.2.3.0 5.2.1.¢ 5.3.9.0 5.4.3.0 5.5.5.0
| asek 1200 PaL 1 Engire metsll, Thrust Str, Engine Inatall, Thrust Str. Engine Inatall, Sﬂ‘js ;"B;ezmbly Fac. Maint,
Pl . iulaie?d $265 $3,162 gen 81,175 567 , $735
| TOHOAL ¢ 5.1.1.8 5.2,1.5 5.9.1.5
} Lag - 1300 BT ! 5.1.4.0 Base lug 5.2.4.0 Str. Assembly 5.3.4.0 5.5.4.0
r i S 55 1L | Propellant 1 653(; Lk Propeliant 42,179 Propeliant Pr(;p. :;:[EG]J- Launch Contral
TOKODAL .1.1, 1 $3,219
- 1 $365 5.2.1,6 $365 ? *
1 1Mi§2:fggg P&l $3,287 Str. Assernbly 5.4.8.1
L 51.3.4) $2, 300 5.2.5.0 Prop. & Mech. 5.3.5.¢ Elect. Launch Pad
A m— L;ul?};;w- AP Launch Opa. )
9346 , :
$ Dron. & Meeh. 1,811 Electrical . :';- 53‘;2 Off Site Support
5.1.6.0 %38, 648 5.%,6.0 ¥1, 998 " .60 $11,320
. 6.1.2.1 Fae. & Transp. 5.2.2.7 o 5.4.2.3
SNF Qperations Elestrival 4 Ipstru. FIt. Control
$616% §15,176 $1,810 $1, 355 $124
2 5.2.7. 3.2.5.8 5.3.2.4
Lnch Operati [nstrumentation = Flt. Control
unc erations 8,108
$198,3539 5.1.2.3 3‘41‘35 554 Launch Control
*568,605 : s $122 WUMBERS TN LOWER RIGHT CORNE
5.1.8.0 Flight Centrol 5.9.4.1 2 B SR RIGHT CORNER
. 4,182 ik DESTGNATE APPLICABLE SECTION
Launch Maint. ‘1,94 Lﬂﬂg;*l?gzﬂtfol Launch Pad NUMRER FOR COST DETAILS.
- e 1 3 '
$8750 2.4, L *FIRST OPERATIONAL UNIT COST WHICH DIFFERS
5.1.9.0 Launch Control Launch Pad - SIGRIFICANTLY FROM THOSE OF FIRST R&D FLIGHT
.1.9, off Site Support UNTT
30,301 $2,660 $2,632 .
Facility & Transp. 5.1.8.1 5.2,6.2 !
$3, 912 Launch Pad Off Site Support 5.3.6.4
455,310 39,054
5.1.10.0 g ,
5.1.8.2 5.2.6.3
SERT Off Site Support
55301 $107,658
5.1.8.3 FIGURE 1 -
51110 | .0,0.0-13 MLLV BASELINE FAMILY FIRST UNIT (FIRST R&D FLIGHT) "C" COST FLOW DIAGRAM
w18
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1.0 (Continued)

In addition to the cost distributions shown by program and/or stage elements,
costs can be distributed by cost categories, i.e.: labor, material, tooling,
facilities and equipment, Tables 1.0.0.0-I through 1.0.0.0-IX show such
distributions for the single-stage~to-orbit vehicles, as three module injection

stage and eight SRM strap-on stages respectively for each of the three program
phases.

The distribution of costs to the cost categories was accomplished by reviewing each
individual entry in the back-up detailed cost sheets in the AMLLYV and MLLV
baseline costs contained in Volumes IV and V, respectively. Assignment of a
specific cost entry to a given cost cafegory was based on an individual judgement
of each entry, Some of these assignments required arbitrary assumptions which
would effect the total distributions shown, For example, manpower and vehicle
material as shown, relate only to that manpower and vehicle material to be
expended to design, test, build and operate the vehicle. Manpower required in
support of the other categories, i.e., tooling, material, facilities and equipment
is included in the cost of those items as applicable, For example, manpower for
tool design is shown as a tooling cost. Similarly, material required for tooling
is shown as a tooling cost. Material costs as assigned to the vehide material
category reflect all costs for purchases material (inclusive of purchased
assemblies and subsystems) to be used to design, test, manufacture and operate
the vehicle, SRM and liquid engines for this distribution were not considered
purchased assemblies (vehicle material) but were further broken down into the
manpower, material, tooling, fabrication and equipment by categories, All
systems and subsystems, on the other hand, were classified as vehicle material
exclusively.

The distribution of Phase A costs by cost category indicates that a significant
portion of the "Get Ready' costs will be attributable to Facilities and Equipment,
The next largest cost eategory will be tooling.

The costs for vehicle material will be negligible. Program management and
engineering design costs will represent approximately only 1.3 percent and 8. 9
percent respectively of the total Phase A costs.

The distribution of costs by categories for Phase B include not only the costs

for conducting the test, but also the costs required to provide the test specimens,
The manpower costs will represent the major portion (70%) of the liquid stage

B costs. As most of the SRM stage test components will be purchased, material
costs for the SRM will exceed the manpower costs,

The distribution of costs by category for the first operational unit (C cost) shows

that the costs for manpower will represent by far the majority of the liquid
stage production and launch costs. Manpower costs will be a smaller percentage

19
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PRECEDING PAGE BLANK

TABLE 1.0.0.0-I

NoT FLRED:

MLLV ~ MAIN STAGE

DOLLARS IN THOUSANDS

LABOR MAT'L TOOLING FAC, &
. EQUIP, TOTAL
COST ELEMENTS Mgm't & Vehicle Tooling Tooling Mig. & Tooling
Adm, Engr. Mise. Design Mat'l Set-Up Q&RA
STRUCTURES
Fud. skirt % 866 3 1,853 3 76 $ 3,295 3 1,799 $ 11,288 $ 2,281 $ - $ 21,457
LH> Tank 4,923 1,483 80 19,874 10,403 68,617 18,414 - 118, 274
LOX Tank 2,028 3,181 180 7,550 4,054 26,741 5,237 - . 48,911
Tunnels 393 1,277 52 1,328 713 4,699 919 - ; 9, 381
Thrust Structure 837 32,181 130 2,725 1,463 9,650 1,887 - c 19,873
Base Plug 598 5,304 217 1,352 727 4,790 937 - ! 13,925
Assembly 51 1,061 44 - - - - - ! 1,156
Structures Total 9,695 17,339 708 35,624 19, 159 125,785 24,665 - ; 232, 877
SYSTEAMS '
Prop, /Mech. 1,318 5,304 218 4,235 2,274 14,998 2,833 - 31,281
Electrical 173 3,181 131, 6 40 267 53 - 3,921
Instrumendéition 442 8,485 347 104 55 368 72 - 9,873
Flight Control 158 1,639 70 307 166 1,088 212 - 3, 700
Assembly 118 8,485 347 - - - - - 9, 248
Systems Total 2,503 27, 154 1,113 4,722 2,535 16,721 3,270 - 58,023
ENGINES - 26,400 - - 32,300 - - 59,605 118, 395
GSE 2,187 - - - 11,457 87,604 7,558 - 58,556
MFG. FACILITY - - - - - - - 155,188 155, 138
LAUNCH COMPLEX - - - - - - - 461,547 % 481,547
MAIN STAGE TOTALS %14, 341 $70,893 $1,822 $40, 546 $65,451 $180, 110 $35,293 $696, 380 $1, 104, 838
ATT, PAD 39 - $122,400
A" COST CATEGORIES 2 22

2f



TABLE 1.0.0.0-IT

MLLV ~ MAIN STAGE

DOLLARS IN THOUSANDS

23

ITEBTUR
TYPE OF TEST Mgmt. & Mg, & MATL TOOLING | BT o OTALS
g g TOTAL T
Adm. Engr. Ops. QERA & FAC,

.§TATIC LOAD TEST § 494 $ 3,477 8 7,218 $ 269 $ 1,634 $ - $ 21,452 $ 34,544 $ -
Specimens 1,098 2,844 15,535 3,087 7,889 1,201 282 31,878 66,420

ENG, INSTATLTATION TEST P - a5 7 3 _ - 52 _
Specimens - - - - - - - - 53

DYNAMIC TEST 520 3,496 6,538 1,225 1,815 - 15, 945 29, 644 -
Specimens 208 2,083 11,435 2,236 5,814 834 194 23,464 53,104

MANUFACTURING DEV. a5 - 6,57L 1,314 1,681 - - 9,923 -
Specimens - - - - - - - - 9,023

SUBSYSTEM & SYSTEM TEST _ — - - 120, 000 - - 120, 000 -
Specimens - - - - - - - - 120,000

ENGINE DEVELOPMENT - 100,800 38,000 - 61,389 8,100 8,132 216,471 -
Specimens - 5,212 60,310 - 35,506 7,972 - 109,000 325,471

FACILITY CHECKOUT - - 243,172 - 3,287 - - 248,459 -
Specimens 1,415 3,864 20,018 3,914 10,179 1,548 339 41,077 287,536

MANUFACTURING MOCK-UP 119 - 2,181 436 440 - - 3,176 -
Specimens - - - - - - - - 3,178

SYSTEMS BREADBOARD - - 17,240 - - - 56,000 73,200 -
Specimens - - - - - - - - 73,200

WIND TUNNEL - - 600 - - - - 600 -
Specimens - - - - - - - - 600

TWO R&D FLIGHTS 16,628 28,230 286,364 55,300 48,402 - 17,500 452,424 -
Specimens 9,622 24,923 136,162 26,621 59,235 10,531 2,808 279,402 731,826

"B 1S URTOTALS . TEST 18,120 136,003 607,880 58,551 238,756 8,100 118,079 $1,186,489 -

SPECIMENS 12,943 38,736 243,460 35,808 128,633 22,138 3,103 484,819 -
BT TOTAL $14,435 $360,743 774, 746 $39,059 $340, 787 $30,236 $121,302 g~ $1,671.308

npn
B" COST CATEGOR IES 8 2




TABLE 1.0.0.0-IIL

MLV — MATN STAGE

DOLLARS IN THOUSANDS

a5

LABOR MATERIAL TPOLING FAC.
| &
COST ELEMENTS Mgmt. & Miz. & . : EQUIP. TOTAL
Adm, Engr. jOps. Test Q&RA Mig. Logistics | Q&RA Lahor Mtl.
STRUCTURES .
Fwd. Skirt $ 93 j3 22 |3 1,4181% 70 § =291 | § 276 [g 23 $ 9 $ 108 5 17 § 25 |§ 2,358
LHy Taok 204 ate 2,916 144 588 1,963 269 19 253 35 52 6,742
LOX Tank 184 576 2,394 118 481 870 512 15 188 29 43 5,215
Tunnels 64 230 823 41 169 287 206 5 63 10 15 1,812
Thrust Str. 217 217 1,727 85 355 172 194 11 132 21 31 2,182
Base Plug 53 384 504 24 104 223 841 3 39 6 9 1,890
Assembly 107 1,318 586 29 121 4 158 3 45 7 11 2,390
i
Structure Totals 923 3,066 10,369 511 2,129 3,595 1,708 65 75}3 125 186 23,464
k.
SYSTEMS %
Prop. /pech. 631 1,124 9,847 486 2,020 28,575 808 62 781 119 176 39,649
Electrical 640 276 9,600 473 1,970 612 435 60 733 115 172 15,176
Iastrumentation 205 1,009 3,908 192 801 718 740 26 298 47 70 8,108
Flt. Control 81 179 1,108 54 225 2,249 158 & 85 13 20 4,182
Systems Totals 1,707 3,688 24,458 | 1,205 5,019 27,154 2,132 153 1,867 204 438 67,115
ENGINES* . - 2,400 24,840 | 3,300 - 16,560 - - - 3,700 - | s0,800
i i
ENGINE INSTL. - 39 - 576 58 124 . 5 - 3 44 7 ] 865
r
PROPELLANT - - - - - 3,287 - - i~ - - 3,287
|
I, U.* - - 5,608 - - 3,738 - - - - - 4,348
SDF OPS, - 1,727 4,449 - - - - - - - - £,169
LAUNCH ODS, 8,315 14,118 143,182 - 27,650 - - a7 i- - - | 193,359
N
LAUNCH MAINT, - - - - = - - - - = 8_ 750 2,750,
FAC, MAINT, & TRANSP, - - - - - - - - - - 2,972 3,792
SB&T - 5,301 - - - - - - = - -} 5,308
MAIN STAGE TOTAL $10,983 | $28,207 | $213,476 | $5.074 [ $34,922 | $54,539 $3.835 $318 $2,704 $4,128 $13,355 [$372,428
*MANUFACTURING COSTS TACTORED 60/40% INTO LABOR AND MATERIAL
L Falll
C" COST CATEGORIES = 26



TABLE 1.0.0.0-IV

MLLV = ENGINE MODULE + TWC FUEL MODULES

DOLLARS IN THOUSANDS

27

LABOR MAT'™L TOOLING EQUIP.
&
COST ELEMENT Mgmt, & Vehicle Tooling Tooling Mg, & Tooling FAC, TOTALS
Adm. Eng. Misc. Design Matf. Set-Tp Q&RA
STRUCTURES - ENG. MOD,
Fwd. Skirt 4 568 $ 1,061 $ 43 $2,070 $1,111 & 7,330 $1,433 $ - $ 13,816
LHZ Tank 566 2,121 B7 1,699 908 6,704 1,"311 - 13,306
LOX Tank 279 2,121 87 703 377 2,450 487 - 6,544
Tunnels 71 849 43 126 68 447 - 88 - 1,602
Thrust Struclurs 702 1,081 43 5,593 1,407 9,220 1,802 - 16,828
Asserably 39 849 43 - - - i - 931
Strugtures Total 2,225 . 8,062 346 7,181 3,871 26,181 5,121 - 53,007
STRUCTURES - FUEL MOD, 29 6855 26 - - - — - 710
SYSTEMS
Prop. & Mech. 2558 4,243 174 184 99 654 128 - 5,735
Electrical 144 2,548 104 83 110 292 58 - 3,337
Instrurnentation 330 7 8,364 261 75 104 276 . B4 - 7,467
Flight Control 149 1,697 70 282 151 963 1188 - 3,500
Assembly 31w G, 364 261 - - - 5 - 6,935
- 1
b
i
Systems Total 1,186 21,214 870 627 464 2,186 ‘428 - 268,974
ENGINES - 14,000 - - - 21,400 : 19,465 54, 865
GSE 270 - - - 1,403 4,788 "$38 - 7,399
MANUFACTURING FACILITY - - - - - - - 53,39 53,398
LAUNCH COMPLEX - - - - - - - 2,100 2,100
DNJECTION STG. TOTALS $3, 710 $43,931 §1,242 $7,818 $5,738 354,564 $6,487 274, 860 $198,450
HAIT
A" COST CATEGOREES 7 28




29

DOLLARS IN THOUSANMDS
TABLE 1.0.0.0-V MLLY - ENGINE MODULE + FUEL MCDULE
LABOR EQUIP, SUB-
TYPE OF TESTS Mgmt, & Mfg. & MTL. TOOLING & FAC, TOTALS TOTALS
Adm. Engr. Ops. QERA
STATIC TLOAD TEST - B/M $ 12 $ 719 $ 1,503 $ 56 g 181 $ - g - $ 2,541 g -
Specimens 322 793 4,544 888 1,658 383 , T 8,665 11,208
STATIC LOAD TEST - F/ML 16 102 256 10 46 - - 430 -
Specimens 877 830 5,329 1,041 1,943 449 o1 10, 160 10,590
DTV TEST - E/M 124 ERE] 1,663 251 468 - 350 4,719 ~
Specimens 293 722 4,133 808 1,507 348 70 7,881 32,000
DTV TEST - F/M - - - - - - -850 850 -
Specimen 498 1,228 7,084 1,375 2,565 592 120 13,412 14,262
MFG, DEVELOPMENT - B/M 75 - 1,386 271 - - - 1,701 -
Specimen - - - - - - - - 1,701
SYSTEMS TEST - B/M - - - - 20,000 - - 20,000 -
. Specimen - - - - - - - - 20,000
ENG, DEVELOPMENT - E/M - 53,400 78,100 - 17,971 4,300 5,800 150,471 -
Specimen . - - - - - - - - 159,471
FACILITY VEHD, - B/M - - 15,095 - 265 - - 15,460 -
Specimen 362 893 5,114 1,000 1,865 231 87 9,752 25,212
FACILITY VEH. - T/M - - 15,064 - 730 - - 15,784 -
Specimen 387 956 5,476 1,070 1,897 461 95 10,442 26,226
MFG. MOCE-UP - E/M 30 - 545 109 109 - - 793 -
Specimen - - - - - - - - 793
&Y8T, BREADBOARD - E/M - - 1,215 - - - 6,000 7,215 -
Specimen - - - - - - - - ] 7,315
SYST, BREADBOARD - F/M - - 1,076 - - - 3,500 4,576 -
Specimen - ) - - - - - - - - 4,578
TWO R&D FLIGHTS (2) EM 1,396 2,371 24,048 4,642 747 - - 33, 206%
Specimen - 1,384 3,416 19,561 3,823 7,135 1,647 - 333 37, 209tk 70,505
H
FM 591 1,002 10,174 1,965 1,467 - - 15, 200 -
Specimen 1,299 3,205 18,355 3,587 6,604 1,546 314 35, 000 50, 200
B SUB TOTATL: TEST 2,334 58,428 149,974 7,346 42,064 4,300 16,900 - -
SPECIMEN 4,022 12,143 69,546 13,5932 25,364 5,857 1,187 - -
YB' GRAND TQTALS $7,256 $70,5871 | $219,520 $20,938 $67,428 $10, 357 $18, 087 - $413,957
"B COST CATEGORES
B} 30




DOLLARS IN THOUSANDS

TABLE 1.0.0.0-VT ‘ MLLY - ENGINE MODULE +F/M .
LABOR MATERIA L TOOLIRG TAC.
: &
COST ELEMENTS Mgmt. & : Mg, & ) EQUIP, | TOTAL
Adm. Engr. Ops. Test Q&RA Mig. Logistics| Q&PA Labor Mil.
STRUCTURES
¥wed. Skirt $ 83 $ 26 $ 1,282 | $ 65 $ 262 $ 507 g 22 $ 8 $ 98 $ 14 $ 25 |$2,383
LH,, Tank 177 183 2,591 127 532 466 111 15 179 20 48 4,537
LOX Tank 135 183 1,949 97 308 159 171 12 150 22 35 3,511
Tunnels 47 127 625 32 128 29 113 1 EV 9 12 1,170
Thrust Str. 38 153 458 23 96 219 138 3 35 | 6 8 1,175
Asssmbly 178 362 2,375 162 494 13 327 13 248 | 32 56 4,260
i
f
sipucture Totals 858 1,084 9,280 506 1,910 1,383 940 52 TTE 113 185 | 15,846
SYSTEMS
Prop. & Mech. i55 333 2,148 105 444 2,570 205 14 164 27 38 6,203
Electrical 142 128 2,096 102 431 59 114 13 160 23 a7 3,305
Instrumentation 71 320 851 41 178 68 285 5 64 1 12 15 1,908
Flight Conirol ' 18 64 242 13 49 187 57 1 12 4 5 659
1
Systems Totale 386 845 5,337 261 1,100 2,884 751 33 40 66 95 12,165
ENGINES - 301 g, 160 452 - 349 - - 201 - - - 7,553
r
ENGINE INSTL. 7 - 141 8 26 2 - 1 i2 | - 3
PROPELLANT - - - - - 1,074 - _ - - - 1,074
LAUNCH OPS. 1,089 2,085 18, 245 - 3,588 - - 184 - - - 25,101
FACILITY & TRANSPORTATION - - - - - - “ - - - 1,310 1,810
TOTAL §2,140 | 54,305 $89,163 | $1,225 | $6,63¢ | $9.702 $1,601 1 $220 g1,205 | $179 $1,693  |264,247

"G COST CATEGORIES 3 3z
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DOLLARS IN THOUSANDS

33

TARLE 1.0.0.0-¥II MLLV - 8RM STAGE
i
LAEOR MAT'L TOOLING : FAC. &
EQUIP, TOTAL
COST ELEMENT Mgm't & Vehicle - Tooling Tooling wfg. & Tooling
Adm, Engr. Misc. Nesign Mat'l. Set-Up QERA
DELTA FWD SKIRT $ 828 $1,696 § .70 $2,976 % 1,560 $10,534 $2,060 ' $ - $ 19,729
STRUCTURE
Aft skirt 7 123 5 585 313 1,974 386 - 3,533
BRM Fittings 50 T4 3 193 103 653 127 - 1,202
Attach Structure 777 435 18 2,133 1,676 10,566 2,066 - 18,4671
Nose Cone 387 188 8 1,573 841 - 5,305 - 1,037 - 4,339
Total Structures 1,261 820 34 5,484 2,933 18,497 3,616 - 33,745
SRA MOTOR 3¢5 1,795 - 714 41,227 - - - 44,131
LAUNCH COMPLEX FACILITIES - - - - - - - 162,470 162,470
AMEG, FACILITY (FIXED) - - - - - - - 8,434 8,434
SRA GSE (FIXED) - - - - - - - 3,072 3,072
SRM TOTAL {FINED) 2,584 4,311 104 9,174 45,720 29,036 5,876 193,976 270,581
SEM QUANTITIVE SEXSITIVE
GSE - - - - - - - 15, 680 15,690
Facility - - - - - - - 42,170 42,170
TOTAL - - - - - - - 57,860 57,880
SRM GRAND TOTAL 52,5684 $4.811 $104 39,174 $45, 720 $99,036 $5,676 $231,836 $328,441
“A" COST CATEGORIES
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DOLLARS

IN THOUSANDS

z5

T2BLE 1.0.0.0-VIII MLLV -~ SRM
LABOR
Mgrat. & Mig. & EQUIP: SUB-
TYPE OF TESTS Adm. Engr. Ops., QERA MTL, TOOLING & FAC, TOTALS TOTALS

STATIC LOAD g 42 $ 300 $ 308 § 22 $ 533 $ - $ - . $ 1,300 $ -
Specimen 142 21 2,300 450 304 194 39 3,540 4,840

DYNAMIC TEST 31 211 404 61 294 - 12,750 13,751 -
Specimen 191 23 3,091 604 530 260 521 4,757 18,508

MANUFACTURING DEV. 13 - 4 15 16 - 118 -
Specimen - - = - - - - 118

PFRT 1,538 7,415 8,072 1,428 - 11,074 30,427 -
Specimen - - 6,565 1,928 78,196 - 86,689 117,116

wpU VEHICLE 23,100 - - - 23,100 -
Specimen 557 158 6,424 - - 7,119 30,219

SYSTEMS BREADBCARD - - 1,075 - 3,500 - - 4,575 -
Specimen - - - - - - - - 4,575

WIND TUNNEL - - - - 400 - - 400 -
Specimen - - - - - - - - 400

STRUCTURAL - - 388 - 216 - 285 - BGT -
Specimen 10¢ 218 1,654 344 483 75 28; 2,922 3,789

TWO R&D FLIGHTS: '"B" COSTS 1,595 3,081 34,004 6,652 582 176 66! 46,656 -
Specimen 1,635 3,632 30,123 6,817 104,796 1,054 1,594, 140,651 196,807

SUB-TOTALS: 'B' COSTS 3,619 11,017 68,710 8,178 5,341 176 24,158 - -
Speaimens 1,977 3,813 44,270 10,301 190,321 1,583 1,713 - $375, 772

rat GRAND TOTAL _$5,696 $34 930 $112, 980 518,479 $196, 162 $1,759 $25 866
npiti
B' COST CATEGORIES ¥ 36




TADIE 1.0.0.0-TX MLV ~ SRM _ A DOLLARS IN THOUSANDS

LABOR MATERIAL TOOLING °| FAC
& SUB-
EQUIP, | TOTAL TOTAL
COST ELEMENTS Megmt. & Mig. &
Adm, Engr, ops., Test Q&ERA nifg. Logisties Q&RA Labor Mil.

ERM - FIXED

Delta Fwd. Skirt 125 1% 65 | $ 1,539 § 90 $ 277 1% 200l ¢ 46 $12 $ 1401 % 23 $ 33 $ § 2,050
Launch Main, - - | - - - - - —~ = 1 1,150] | - 1,150
Lawnch Ops. -
Launch Conirol 138 235 2,364 - 480 - - 2 - - - 3,455 3,214
Launch Pad 251 426 4,324 - 835 - - 3 - - -| 8,314 5,889
Off site Support 487 526 g, 382 - 1,619 - - 6 - - -1 10,107 11,320

Taunch Ops. Sub-Total

876 1,487 | 15,080 - 2,014 - - 11 - - - 20,379 20,379
SRA FIXED TOTAL 1,001 1,699 16,328 34 5,285 200 46 23 140 23 1,183 - 24,478
187

SRM QUANTITY SENSTIVITY : UNIT |8 UNITS
STRUCTURES ‘

Attach, Structure 411 651 5,950 182 1,231 1,215] 302 38 455 72 . 108) " 10,594

Nose Cone 188 465 2,552 87 540 506] 217 14 196 29 44] 4,839

Aft skirt 123 370 1,645 87 350 341 174 7 196 2% - 29| 3,344

Fiitings 94 463 1,027 87 225 211 218 7 80 7 22| 2,447 -
7 §tr. Sub-Total T 819 1,949 11, 154 443 2,346 2,873 911 64 927 130 204| 21,218 21,218
MOTOR - - 4,965 - i,016 28,527 - - - - - - 44,308
OTHER STAGE - - - - -} 11,828 - - - - - - 11,828
FACILITY MAINT, ' - - - - - - - - - - 733 - 734
SR QTY. SENSTV. TOTAL 78,087
SRM GRAND TOTAL $1,818 | $5,50L | $82,848] $538 56,653 | $52,828) $957 $87 $1,067 % $153 $2,120 $102,564

& 38
BCM COST CATEGORLES
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1.0 (Continued)

of SRM stage costs becaﬁse of the high percentage of purchased propellant,
materials and stage components,

With the details provided in the three Cost Books comprising Volume V,

several program options exist such as the types of engines, launch facilities,
program size, etc. Figure 1,0.0.0-14 illustrates how costs can be identified
from the detail data to evaluate one of these options. Options one, two, three
and four show the costs of the MLLV multichamber/plug propulsion system, the
1200 psia toroidal/aerospike with the 286,000 pound thrust module {28 modules),
the 1200 psia toroidal/aerospike with the one million pounds thrust/module

(8 modules) and the 2000 psia toroidal/aerospike with the one million pounds
thrust/module (8 modules), respectively, The "A!", "B" and "C" cosis are
shown for the MLLV with the propulsion costs deleted. The total program costs
Incorporating each propulsion option are also shown. Similar comparisons

can be made for other program options. These will be discussed in Volume VI
of this final report. '

This Volume V, Baseline MLLV Costs primarily presents only the cost data,
Applications for these costs, for cost effectiveness analyses and cost sensitivity
studies, can be found in Volume VI (Cost Implications of Vehicle Size, Technology,
Configurations and Program Options).
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DOLLARS IN THOUSANDS

PROPULSION SYSTEM O] [QNS GET READY DEVELOPMENT | . PRODUCTION
. AV COST TEST "B" COST "G COST

Engme Option Number One -

Multichamber/Plug Propulsion System
. $ 118,395 $ 325,471 $ 50,8060

Engine Option Number Two

Toroidal/Aerospike Propulsion System
286K Lbs. Thrust/Module - 28 Modules
1200 PSIA Chamber Pressure 57,995 108,471 32,800

Engine Option Number Three

Toroidal/Aerospike Propulsion System
One Million Lbs. Thrust/Module ~ 8 Modules ’
1200 PSTA Chamber Pressure 62,295 169,671 23,200

Engine Option Number Four

Toroidal/Aerospike Propulsion System
One Million Lbs. Thrust Module - 8 Modules
2000 PSIA Chamber Pressure . 63, 195 195,271 23,500

Single Stage to Orbit Vehicle Cost
{Liess Propulsion System) | $ 986,241 $1,345,837* $321,628

Single Stage to Orbit with Multichamber/Plug
1,104,636 $1,671,308* $37z,428

Single Stage to Orbit with Torowdal /Aerospike
286K ILbs. Thrust Module .
28 Modules - 1200 PSIA 1,231,914 $1,454,308% $354,428

Single Stage to Orbit with Torowdal/Aerospike
One Million Lbs. Thrust/Module
8 Modules - 1200 PSIA 1,236,614 $1,516,5087 $344,828

Single Stage to Orbit wath Toroidal/Aerospike
One Million Lbs. Thrust/Module:
8 Modules - 2000 PSIA 1,239,114 $1,541,108* $345, 128

*Two R&D Flight Tests = $731,826. Costs are Included in "B" Costs

FIGURE 1.0.0.0-14 PROPULSION SYSTEM OPTIONS FOR THE MLLYV SINGLE STAGE
VEHICLE
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2.0 STUDY OBJECTIVES, GROUND RULES AND ASSUMPTIONS, PRICING
FACTORS AND LABOR RATES

2.1 STUDY OBJECTIVES

This study, "Cost Studies of Multipurpose Large Launch Vehicles", was directed
to define the economical aspects of future launch vehicle systerns, To accomplish
this objective, the half size vehicle (MLLV) family as defined in Volume II of this
final report was subjected to a detailed cost analysis. This cost analysis included
both the non-recurring and recurring costs for implementation and operation of
the baseline MLLV vehicle family, This volume reports the results of this cost
analysis. A similar analysis was conducted on the full size vehicle (AMLLV)
family as defined by the previously completed study, "Advanced Multipurpose
Large Launch Vehicle', Contract NAS2-4079 (Baseline AMLLYV). The full size
AMLLYV cost analysis is reported in Volume IV,

2.2 GROUND RULES AND ASSUMPTIONS

The following ground rules, guidelines, and assumptions were utilized in the cost
analysis of the baseline MLLYV vehicle family:

a. Production and launch rates are based on two vehicles per year.

b. Cost estimates were based on 1968 dollars without inflationary factors.

c. All cost values in this report are contractors cost values only and do not
include profit or fee,with the exception of the Solid Rocket Motors and liquid

engines.

d. The first unit has been defined as the first flight vehicle; effects of learning
curve(s) enter after that unit,

e. Where possible, the cost estimates were based on direct costs with burdens
added as a separate item.

f. The R&D flight vehicles consist of two vehicles.

g. The facility checkout vehicle includes structural hardware, transportation
and the complete launch cycle cost.

bh. Static firing of the vehicles will occur at the launch pad.
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2.2 (Continued)
i. Resource Inputs

Resource inputs for recurring and non-recurring items were received from
functional organizations within The Boeing Company and from propuision
contractors (Aerojet General, Pratt and Whitney, and Rocketdyne), Most
of the direct inputs were in terms of manhours; however, total dollar costs
were also received for several items; i.e., material, equipment, engines,
etc.

The Manufacturing Department atf the Michoud Assembly Facility and the
Huntsville Operations Deparfment provided manhours and material estimates
for the following items: 1) Fabrication, Major and Minor Assembly of the -
Sub-System Components, 2) Manufacturing Test manhours, 3) Raw and
Production Material, 4) Planning manhours, 5) Tool Design manhours,

6) Tool Fab.and Erection hours, 7) Manufacturing Development hours,

and 8) MGSE and Handling/Transportation Equipment hours and dollars.

The Huntsville Engineering Department provided basic engineering design

and sustaining engineering manhours. The Facilities Department at

Huntsville, BATC and Michoud provided costs of the brick and mortar

facilities for production, test and launch; fransportation and handling equipment;
capifal equipment and maintenance costs. The Test Organization at Huntsville
provided manhours and costs for conducting Developmental Testing, -Structural
Tests, Systems Development (SDF), Systems Test, Dynamic Tests,
Manufacturing Development and Wind Tunnel Tests,

The Engineering Department at BATC provided costs for Launch Operations and
Launch Vehicle Ground .Support Equipment (LVGSE) and Test Equipment.

The propulsion contractors provided costs for the solid rocket mofors,
toroidal/aerospike engine and the multichamber/plug engines. The liquid
engine data was supplemented with data received from the Propulsion Office
at NASA/MSFC.

The details associated with these direct inputs are displayed and summarized in
the "Resources Implications' Volume It of this report.

2.3 PRICING FACTORS
Once the data was received by the Cost Estimating Organization, elemental and
overall costs were developed; the direct cost elements were totaled with the

associated indirect and supporting costs. These direct and supporting costs
include but are not necessarily limited to: Quality Control, Program Management,
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2,3

{Continued)

Planning, Training, etc. These will be discussed, in defail, in the paragraphs
that follow.

The cost collection summary form is divided into four basic parts:

PartI

Part I

Part Tl

Parti IV

Program Managemenst,
The Contract End Item (CEI),
Facilities,

Logistics,

Throughout this cost analysis, this format has been used fo maintain consistency.
On occasion, the category of "other! is included as a cost element to collect
those elements which do not necessarily fit the established format. In those
instances, a footnote has been provided fo explain what items are included in the
category of "other'.

Part 1

Part II

Part I

Program Management, Program Planning and Reporting and Industrial

Relations

These elements were applied by the costing organization: The weighing
of such elements were based on historical Saturn V experience.

Engineering, Production, Tooling and Manufacturing Test

Included in the Engineering costs, either basic or sustaining, are
laboratory technicians support and the associated operating material
costs. Included in production costs are direct factory labor-for
fabrication and assembly of the system or subsystem components,
miscellaneous charges, tool and production planning, direct distributable
labor, training, quality inspection, manufacturing technicians, raw
material, and standards. Tooling cost, either basic or sustaining,
include direct factory labor, direct distributables, training, quality and
tooling material, Manufacturing test costs include the labor costs for
component testing, training, technicians, and quality assurance,

Facilifies

Included are the costs for the brick and mortar buildings, stands, pads,
etc., craft labor maintenance, transportation and handling labor, plant
engineering support, and facilities mainfenance costs.
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2.3 (Continued)

Part IV Logistics

Included are the logistics support and the cost of spares, maintenance
analysis and field support engineering labor costs.

The following in-depth explanation covers each ma jor cost element as to their
function and use:

PartI

a. Program Executive - Function: Program office and equipment management;
program assessment, problem identification, customer liaison; change board,
change status, follow-up and commitment.

This element is a level of effort; however, for this study, a factor was
developed from Saturn historical data. It was determined that this funetion
was 1.2% of the direct labor manhours in Parfs IT through IV with the
exception of launch operations which is ,95%.

b. Program Planning and Reporting (PP&R) - Function: Determination and
development of product activities for planning purposes. Monitors
performance and the processes of the management of the business.

PP&R is a pricing factor, developed from histroical actuals. That is submitted
(usually on an annual basis) to the NASA, negotiated, and used for forward
pricing purposes. PP&R labor hours are developed by applying 3% to the

total direct labor manhours in Parts II through IV below with the exception

of launch operations which is 2,4%,

Material (consisting of graphics and aids) is required to support this function.
A rate of 2¢ per PP&R manhour was used.

¢. Industrial Relations - Function: Health, safety and fraining operations.
Industrial Relations is a pricing factor, developed from historical data. That
is submitted (usually on an annual basis) to the NASA, negotiated, and used
for forward pricing purposes. Industrial Relations labor hours are developed
by applying .65% to the total direct manhour base in Parts II through IV below
with the exception of launch operations which is ,54%. For training aids and
supplies, a rate of 10¢ per industrial relations manhour was used,

Part 11
a. Engineering

1. Design Activity Functions



2.3

(Continued)

@
(b)
(©

(d)

(e)

Changes to the initial release of Class I documentation applicable
to the procurement, fabrication, assembly and test of the stage,

Liaison - Liaison with manufacturing, quality control, procurement,
vendors and testing functions are required to resolve discrepancies.

Failure Analysis - Investigations, analyses and studies of anomalies
and failures. '

Flight Test Evaluation - Provide data for flight performance
predictions, measurement and data acquisition requirements,
statistical analysis and flight performance evaluation.

Design Change Implementation of in-scope design changes resulfing
from remedial engineering and cost and producibility activities,

Test Functions:

(@)
(b)
(c)
(d)
()
£

Maintenance of test procedures
Test planning

Fixture and instrumentation
Conduct tests

Data reduction and evaluation

Preparation of test reports

Configuration. Management Functions:

(2)
(b)
(c)

Preparation and maintenance contract specification addenda
Interface control

Delivery support of the end item acceptance data package

Reliability Engineering Functions:

(2)

Continuing technical management and surveillance of the reliability
program
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C.

3

{Continued)

(b) Reliability design analyses of design changes
{c)  Reliability surveillance for design reviews
(d) Failure analyses

(e}  Reliability testing

(f) :Flight test evaluation

The engineering manhours for "a" through "d' above, both recurring and
non-recurring functions, were received as a direct input to the study.

Laboratory Technicians - Function: Shop support to engineering, qualification
and reliability testing in the form of test set-up, test specimens, special or
peculiar test equipment. These laboratory technicians support engineering,
and are a function thereof,

A review of the historical Saturn data indicated, that on a composite basis,
this effort was approximately 20% of the direct engineering manhours(Part T,
paragraph a above). Therefore, for the purpose of this study, the factor of
20% was applied to the MLLV engineering manhours to estimate labhoratory
technician manhours.

The materials required to support these technicians were priced at $2.10
per laboratory technician manhour.

Fabrication and Assembly - Function:

1. Fabrication ~ direct labor necessary to manufacture the individual detail
parts

2, Minor Assembly - direct labor necessary to join together the major sections,
installation of equipment and systems and assembly of major sub-assemblies,

The direct manhours to accomplish fabrication, minor and major assembly were a
direct input {o the study by the Boeing/Michoud Manufacturing Department.

d.

Miscellaneous Charges - Functions:
1. Process control

2. Part numbering and stamping

46



2,3 (Continued)
3. Certification of welding and plating process
4, Cufter grinding
5. Other items not readily identifiable to hardware

It is reasonable to assume that in a normal production program, similar or related
functions of this nature would be required, Therefore, a review of Saturn history
indicated that this type of effort was approximately 7. 8% of the fabrication and
assembly manhours. This factor was applied fo the MLLV fabrication and
assembly manhours. :

e. Maintenance and Incorporation of In-Scope Changes - Function: Maintenance
and incorporation of in-scope changes to component and sub-system test
requirements for fabrication and/or rework of parts, drawers, etched cards,
ete,

This effort was determined to be 1.1% of fabrication and assembly manhours
on the Saturn V program and, therefore, that factor was applied to the MLLV
fabrication and assembly manhours.

f.  Tool and Production Planning -~ Function:

1. Sustaining planning for: Procurement; Fabrication; Assembly and
Installation.,

2, Translation of engineering designs and specifications; into work plans and
task descriptions.. .

3. PERT support: By maintaining PERT nefworks; update to PERT
documentation and PERT status of the manufacturing operations.

it was determined, from historical Saturn data, that tool and production planning
was approximately 28% of the production and tool sustaining manhours. This
percentage was applied to the MLLV production (Part II, Paragraphs 3 through 5)
and tool sustaining manhours (Part II, Paragraph 12) to determine the tool and
production planning manhours,

g. Direct Distributable - Function: Production order control - dispatch clerks,
parts control clerks, production order control clerks, production controllers,
factory clerks, production confrol records (PCR), design accounting, PCR
clerks, paris listers, fool room attendants, tool procurement, coordinators,
blueprint control clerks, shipping, craters, and packaging engineers; chemical
and LOX cleaning,
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2.3

(Continued)
Direct distributable was estimated on the basis of historical Saturn data at
approximately 32% of total production manhours. The MLLV direct distributed
manhours may be determined by applying 32% of the production manhours
(Part 1I, Paragraphs 3 through 5).
Training - Function: Train and orient new and/or existing personnel. Based
on historical experience, it was determined that training manhours were a
function of the manhours for Part II, Paragraphs 3, 4, 5, 6, 7 and 12. By applying
a factor of 1.1% to the MLILV manufacturing base training manhours may be
estimated. -
Quality - Function:
1. Source control
2. Reliability data collection and analysis
3. Quality program documentation
4. Inspection stamp control
5, Reliability audits
6. Design review
7. Quality audits
8. Fabrication and assembly inspection
9 Functional fest and stage test inspection
10. Configuration accountability and product delivery
11l. Procurement planning
12. Laboratory material analysis
13. Process control
14. Contamination control
15. Non-destructive testing
16. Equipment quality analysis
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2.3 (Continued)
17. Discrepancy control area
18. Measurement control

Normally, quality support is a direct input; however, for the purpose of this study
quality was factored into the total manhours (Part I, Paragraphs 2 through?7 and
12) associated with the contract end item (CEI) hardware. A factor of 20% was
applied to the MLLV CEI hardware manhours to develop the quality support. In
addition, §, 30 per quality manhour was used to estimate the material required to
support this function,

j- Manufacturing Technology — Function: Conduct process development programs
to assure reliable manufacture of stage hardware and mechanical support
equipment.

Manufacturing technology is a pricing factor, developed from historical data,
that is submitted (usually on an annual basis) to the NASA, negotiated, and
used for forward pricing purposes. The current factor is 1.9%. The MLLV
manufacturing technician manhours may be determined by applying this factor
to all direct manhours (Part I, Paragraphs 8 through 8). Material costs,

to support this function, were based on $1 75 per manufacturing technology
manhour,

k. Raw Material and Standards - Includes the raw material, standards, purchased
parts, equipment, major sub-systems, technical services and maintenance
repair and operating (MRO) supplies and services associated with the production
of the Contract End Item (CEI).

Estimates for material costs were received from the Boeing/ Mmhoud
Operations Department in terms of dollar estimates.

1. Tool Sustaining - Function:
1. Support previously fabricated basic tooling
2, Repair and maintenance of major tools
3. Manufacturing changes
4, Vendor deficiencies

5. Lost and worn fools
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2.3 (Continued)
Tool sustaining is a pricing factor, developed from historical data. That is
submitted (usually on an annual basis) to the NASA, negotiated, and used for
formal pricing purposes. Tool sustaining manhour for the MLLV are
determined by applying 8% to Part Ii, Paragraphs 3, 4, and & above.

m. Manufacturing Test - Function:
1. Maintain test procedures

2. Planning the testing of stage components

3. Testing stage and mechanical support equipment systems, sub-systems
and components

The manufacturing test manhours were received from the Boeing/Michoud
Operations Department as a direct input to the study.

Part IO

Tacilities Labor - Function:

a, Equipment management

b. GIS equipment management
¢. Engineering support

For this study, it was estimated that this type of facilities labor would be 3% of
direct fabrication and assembly manhours (Part Ij, Paragraph 3).

Part IV

Logistics - Function:

a. Logistics engineering for maintenance analysis

b. Technical manuals

¢c. TField support engineering

The logistics manhours were a direct input from Boeing/Michoud Engineering

Department. Logistics hardware, or spares, were estimated at $56 per engineering
hour,
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2.4 LABOR RATES

The labor rates used for this cost analyses are intended to be
typical of the Aerospace industry. The development of these
rates were based on a composite of the skill mixes (i.e.,
various levels and grades of supervision, engineers, technician,
hourly and general salary type individuals). The rates are
based on 1968 dollars without inflationary factors. The rates
for program effort (exclusive of launch operations) were sub-
mitted to.the Program Office at NASA-MSFC and verbal con=<
currence was received that they were within the industry
average. (The launch operations rates were a Boeing best
estimate based on 1968 actuals.)

Two types of labor rates were developed: (1) engineering,
and (2) manufacturing., The various cost elements used in
this study were classified into either of these two categories
as follows:
a. The engineering rates are applicable to:
1. Engineering

2. Logistics

3. Program Management

4, Program Planning and Reporting
5. Manufacturing Technicians
b. The manufacturing rates are applicable to:

1. Laboratory Technicians
2. Quality

3. Direct Distributable
4. Tool Sustaining

5. Production

6. Industrial Relations
7. Training

8. FPacilities
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2.4 (Continued)

In actual practice, each of the above cost elements would
have a separate composite labor rate; however, for the pur-
pose of this study and to keep the number of rates and/or
calculations to a minimum, the above grouping was effected.

As a relatively significant difference in rates was found
between those of the launch complex and those of other sites,
a separate set of labor rates were developed and applied to
activities conducted at the launch complex.

The resulting rates used for the cost analyses including
applicable fringe benefits, other burdens and G&A are as
follows:

Program Exclusive of Launch Operations Engineering Manufacturing

Base Labor Rate - S 6,43 $4.26
Fringe Benefits 1.51 1.00
Subtotal ‘ $ 7.94 $5.26
Other Burden & G&A 3.87 ' 4,46
Total . 811,81 $9.72
Launch Operations Engineering Manufacturing
Base Labor Rate $6.00 $54.92
Fringe Benefits .1.38 _1.13
Subtotal $7.38 $6.05
Other Burden & G&A 2,20 _l.78
Total . $9.58 $7.83
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NOTE:

This is the first book (Book A) of the three books which comprise
Volume V, Baseline MLLV Cosi, of the final documentation for
"Cost Studies of Multipurpose Large Launch Vehicles.!" This
Book A contains Section 3.0, MLLV Get Ready "A" Cost. Book

B contains Section 4.0, MLLV Development Test "BY Costs.

Book C contains Section 5,0, MLLYV First Unit '"C " Cost. The
pages in this volume-are numbered sequentially in Book A through
Book C.
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- FRECEDING PAGE BLANK NOT FLMED,

3.0 GET READY OR "A" COSTS

This section contains a detailed breakdown of the non-recurring - get ready or

A costs, These are all of the costs associated with "Getting Ready" to produce
and operate the first production article (e.g., basic design, Brick and Mortar
Facilities, Tooling, Fabrication and Erection, etc.), The Resource Data was
received from the affected working organizations in terms of the required
manhours, materials, tooling, equipment and facilities. On this basis, elemental
and overall costs were developed. The direct cost increments were sequentially
totaled with factored indirect and supporting costs based on current and historical
data, These indirect and supporting costs include the costs for guality control,
program management, planning, fraining, structures, other program associated
elements, overhead and/or burden costs and G&A. These costs are also
expressed in terms of manhours and material dollars to the component level for
each of the selected vehicles.

The preceding Figure 1,0,0.0-11 illustrates the Get Ready Cost flow diagram.
Costs shown for the single stage vehicle include all of the costs as necessary

to get ready to build the vehicle, GSE, manufacturing facility and launch complex.
The costs shown for the injection stage single module (engine module) includes
similay costs. Where the same manufacturing facility and launch facility will be
used by both the main (single stage) and the injection stage modules, costs were
apportioned between the stage components. Similarly, costs of the injection stage
fuel module, solid motor fixed cost and the solid motor quality sensitive cosis

are subdivided and contain proportional costs for launch facility, manufacturing
faeility, efc.

Each of these major headings are then further subdivided into its major cost
items., The costs are included in the same box. The applicable paragraph
number where back-up data has been presented is also shown in the box.

The lower level stage and system costs were developed, priced and summarized

into the four major parts and their sub-division as defined in the previous
Section 2,3,

55



THIS PAGE INTENTIONALLY LEFT BLANK

56



ERECEDING PAGE BLANK NOT FLMED.

3.1 SINGLE STAGE VEHICLE

The total Get Ready or M"A" costs for the Single Stage MLLYV vehicle are displayed
in Table 3.1.0.0-I. These costs include the costs associated with designing the
hardware structures, systems, liquid engines, Ground Support Equipment (GSE),
the production facility and the Launch Complex Facility. Figure 3.1.0.0-1
displays these costs and the appropriate sub-paragraph number for each item
included in the Single Stage Vehicle.
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SINGLE STAGE
VEHICLE

$1,104,636
3.1.0.0

STRUCTURES
$232, 977

FORWARD SKIRT
$21,457
3.1.1.1
LHy; TANK
$118, 274
3.1.1.2
LOX TANK
$48, 911
3.1.1.3
"~ TUNNELS
$9, 381
3.1.1.4
“PHRUST STR.
$19, 873
| 3.1.1.5
BASE PLUG
$13, 925
3.1.1.6

STR. ASSY
$1,156

3.1.1.7

3.1.1.0
SYSTEMS
$58, 023

3.1.2.0
ENGINES

3.1.3.0

GSE
$58,556

| 3.1.4.0
MFG, FAC.
$155,138

3.1.5.0

LAUNCH
COMPLEX

3.1.6.0

PROP, MECH.
$31, 281
3.1.2.1
ELECTRICAL
$3, 921
3.1.2.2
INSTR.
$9, 873
3.1.2.3

FLIGHT
CONTROL
3,700
33, 3.1.2.4
SYS. ASSY.
$9,248

3.1.2.5)

NEW FACILITY
$481, 547

~ 3.1.6.1
ALT. PAD 39 I
$122, 400

f
i
I
b — 3.1-62f

MULTICHAMBER
$118, 395

{ -
[- 3.1.3.1) NoTEs:
|

266K - 1300 bo1 | DOLLARS ARE IN THOUSANDS.
L $57,9% . o 2 NUMBERS IN LOWER RIGHT CORNER
I “ “SCROMAL - T DESIGNATE APPLICABLE SECTION
It 1200 PsI ! NUMBER FOR COST DETAILS.
95
>3.1.3.3
TOROIDAL !
1M# - 2000 PsI |
$65, 195

|
Cl -I
-

|
e 32134
GURE 3.1.0.0-1 MLLV SINGLE STAGE TO ORBIT VEHICLE GET READY, "A"™ COSTS

—— S

58


http:3.1.2.41
http:3.1.0.0D

65

TABLE 3.1.0.0-I

SINGLE STAGE

MLLV COST SUMMARY A@s[Jcd (I THOUSANDS)
PROGRAM MGMT. {CONT. END ITEM JFACILITIES LOGISTICS TOTAL
ELEMENT OF COST PART I PART II mPART TIT mPART AR S, :
M/H $ M/H R R M/H $
PROGRAM EXECUTIVE 306] 3,631 306 3,631
PRCGRAM PLAN.& REFT. 70l 9.084 770 7,084
INDUSTRIAL RELATIONS 168| 1,616 168 1,616
ENGINEERING 6,054 | 97,890 6,054 97,890
LAE TECHNICIANS 1,212 |11,766 1,212 11,766
TOOLING 13,677 |165,252 13,677 165,252
PRODUCTION 8,000 8,000
MANUFACTURING TEST 6| 6,206 648 6,295
MANUFACTURING TECH. k| 4,072 34y 4,072
Q& RA 3,757 ] 36,509 3,757 36,509
FACILITIES
DIRECT DIST 3,628 | 35,250 3,628 35,250
TRAINING 198 1,921 198 1,921
TOTAL DIRECT LABOR| 1,244(14,331 | 29,518 366,956 30,762 381,287
MATERIAL 30 26,065 26,095
LOGISTIC HARDWARE
BURDEN 11 8,863 i 8,874
TOTAL MATERI AL 41 34,928 34,969
TOTAL OTHER 676780 11,600 688,380
TOTAL COST 14,372 401,884 67673(3‘ 11,500 1,104,636

* SBEE ENGINES
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3,11 Structures

The Get Ready cost for the structural components of the single stage vehicle
are displayed in Figure 3.1, 1.0-1, The cost details of the structural components
are contained in appropriate subparagraphs, as indicated.

Table 3.1.1.0-1 is a total cost summary of these structures.

These costs are comprised of Basic (or Non-Recurring) Engineering Costs which
are required to produce the basic tooling, fabrication and assembly of tooling,
and basic article design, including all engineering such as manufacturing liaison
and coordination required to produce the first article. These costs are non-
recurring in that they are experienced once during the production cycle.
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STRUCTURES "|FORWARD SKIRT
$232, 977

$21, 457

3.1.1.0 3.1.1.1
LHy; TANK
$118, 274
3,1.1.2
-LOX TANK
$48,911
3.1.1.3
TUNNELS
$9, 381
3.1.1.4
THRUST STR.
$19, 873

3.1,1.5
BASE PLUG

$13, 925

3.1.1.6
STR. ASSY

$1,156
3.1.1,7

NOTES:
DOLLARS ARE IN THOUSANDS.
NUMBERS IN LOWER RIGHT CORNER
DESIGNATE APPLICABLE SECTION
NUMBER FOR COST DETAILS.

FIGURE 3.1.1.0-1 MLLV MAIN STAGE STRUCTURES COSTS GET READY, "A" COSTS
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TABLE 3.1.1.0-I STRUCTURES - S/5

€9

MLLV COST SUMMARY Al@eOc (I% THOUSANDS)
PROGRAM MGMT. [CONT. END ITEM [FACILLTIES LOGISTICS mOTAL
ELEMENT OF COST PART I PART IT PART IIL | PART IV | oo
M/H sl wm s IS s |58 M/3 :
PROGRAM EXECUTLVE 207 | 2,458 ) 207 2,458
PROGRAM PLAN.& REPT. 521 | 6,146 521 6,146
INDUSTRIAL RELATIONS| 114 |1.004 114 1,094
ENGINEERING N 1,790 | 761 3,790 Ly, 761
LAB TECHNIGIANS 759 | 7,367 759 7,367
TOOLING 19,560 {92,935 9,560 92,935
PRODUCTION
MANUFACTURING TEST Ls53 Iy, 401 153 4,501
MANUFAGTURING TECH. : 211 | 2,847 241 2,847
Q& RA . : 2,587 | 25,133 2,587 25,133
FACILITIES - '
DIRECT DIST 2,536 | 24,641 2,536 Rk, 641
TRAINING 139 1,342 139 1,342
TOTAL DIRECT LABOR| gno | 9,698 120,065 |203,427 20,907 213,125
MATERTAL 21 14,792 14,813
LOGISTIC HARDWARE
BURDEN 8 5,031 5,039
TOTAL MATERIAL 29 19,823 19,852
TOTAL OTHER R
TOTAL CO3T 9,727 . 223,250 232,977




3.1.1.1 Forward Skirt - Standard
' " (Lightweight Skirt)
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TABLE 3.1.1.1-I

FORWARD SKIRT - SINGLE STAGE

MLLV COST SUMMARY Al@edce (I# THOUSAMDS)
PROGRAM MGMT. [CONT. END ITEM [FACILITIES LOGISTICS FOTAL
ELEMENT OF COST PART I PART II PART IT1 | PART 1V | oo :
M/H RN H/H 5
PROGRAM EXECUTIVE 18 218 18 218
PRCGRAM PLAN.& REPT. 46 548 L6 548
INDUSTRIAL RELATIONS| 10 97" 10 .97
ENGINEERING w5 | 4,069 345 4,069
LAB TECHNICIANS 69 670 69 670
TOOLING 884 | 8,595 884 8,595
PRODUCTION
MANUFACTURING TEST u2 407 42 407
MANUFACTURING TECH. 22 264 22 264
Q& RA 239 | 2,689 239 2,689
FACILITIES
DIRECT DIST 234 | 1,899 234 1,899
TRAINING 13 128 13 124
TOTAL DIRECT LABOR 7l §_63 1.560 |18,716 1,634 19,579
MATERIAL > 1,377 1,379
LOGISTIC HARDWARE
BURDEN 1 498 499
TOTAL MATERTAL A 1.87¢ 1,878
TOTAL OTHER
TOTAL COST 8656 20,591 21,457




MLLV

PART T

FORWARD .SKTRT - S/s
ASSEMELY OR SYSTEM

TABLE 3.1.1.1-II

(In Thousands).

Element of Cost Manhours Manbhours Dollars

Dipect Labor
Engineering 345
Logistics
Laboratory Technician 69
Production
Tooling 88l
Manufacturing Test
Q&RA 228
Facilities
Manufacturing Technician 21

Total Direct Labor 1,547
N pe — 1

Program Executive 18 218
Program Planning & Reporting L6 548
Industrial Relations . -10 97
Total Labor - BPart I 7h - 863

Material
Program Planning & Reporting 1
Industrial Relations 1
Material Subtotal 2
Material & Administrative Burden 1
Total Material 3
TOTAL COST - PART I 866
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TABLE 3.1.1.1-III FORWARD SKIRT - S/S

MLLV PART II COST SUMMARY - LB} B[ c[]  (IN THOUSANDS)
7
M/H $ M/H $ M/H $ M/H $ ¥/H $
ENGINEERING 105 | 1,240 240 | 2,894 345 1,069
LAB TECHNICIANS 21 204 48 476 69 670
TOOLING 884 | 8,800 , 88k 8,595
PRODUCTION
MANUFACTURING TEST o 12 407 b2 Lo
MANUFACTURING TECH. 21 257 1 13 20 261
Q&RA i 408 224} 2,222] 11 109 239 2,689
|DIRECT DIST 221 | 1,810 13 130 234 1,899
TRAINING . 12 121 1 6 13 124
TOTAL DIRECT LABOR 130 1,852 , 1,362 16,580 68 664 1,560 18,716
MATERTAL .
LAB. TECHNICIANS Iy 101 145
TOCLING ' 1,110 1,110
PRODUCTION ,
MFG. TECHNICIANS 37 2 39
Q&RA ‘ 13 67 3 83
SUBTOTAL 57 1,315 5 1,377
MAT, & ADM, BURDEN 19 Y77 2 498
TOTAL MATERTAL 76 1,792 7 1,875
TOTAL PART IT COST 1,928 18,372 671 20,591




MLLV
NON-RECURRING COSTS

pART TT FORWARD SKIRT-- S/

ASSEMBLY OR SYSTEM

DESIGN ENGINEERING

TABLE 3.1.1.1—Iv
LLEMENT OF COST

BAGIC DESIGN
1. Luboratory Technicians
oithlotal

Je Q&RA

TOTAL ENGINEERING LABOR

MATERIAL
3. Laboratory Technicians
., Q&RA
Subtotal
%« Material and Adm. Burden

TOTAL MATERTAL

TOTAL ENGINEERING COST

68

MANHOURS

105,000

21,000

126,000

It,200

130,200

DOLLARS

1,240,000
204,120
L,k 120
1408 , 240

1,852,360

4l , 100
12,600

56,700
19,278
75,978

1,928,338



MLLV
NON-RECURRING COSTS

FORWARD SKIRT
PART IIB ASSEMBLY OR SYSTEM

TOOLING
TABLE 3.1.1.1-V
COLUMN X
ELEMENT OF COST MANHOURS
TOOL, DESIGN
l. TIab. Tech.
TOTAL ENGE.

Fab. & Assembly 634,397
Misc. Charges 49,483
Maintain & Add
In Scope Changes 6,978
SUBTOTAL (A) 690,858
2. Tool and Production Planning 193,440
SUBTOTAL (B) ' 884,298
3. Direct Distributable 221,0
SUBTOTAL (C) 1,}0533?3
4. Training k22159 -
SUBTOTAL (D) 1,117,532
5- Q& RA R 223’ 506
6. Manufacturing Tech. 21,233
TOTAL PRODUCTION LABOR  1»362,271
MATERIAL
7. Tooling
8. ZLah., Tech.
9- %m
10. Marufacturing Tech.
MATERIAL SUBTOTAL (E)
11. Material & Adm. Burden

Fabrication and Erection

TOTAL MATERIAL

TOTAL TOOLING COST

69

COLUMN IX

MANHOURS

239,549
47,910

287,459

COLUMN IIT
DOLLARS

2,894,142

476,394

3,370,536

6,315,165
492,036

69,389
6,876,595
1,923,484

8,800,074
1,809,528

10,609,602
120,904

10,730,506

2,222,449
256.530

13,209,485

1,110,195
100,611
67,052
37,158
1,315,016

k77,105
1,792,121

17,992,535



MLLV

PART ITB
MANUFACTURING
MANUFACTURING TEST

FORWARD SKIRT - 5/S

ASSEMBLY OR SYSTEM
15T UNIT COST

TABLE 3.1.1.1-VI

Element of Cost

Component Test
Component Test Planning
(1) Subtotal (4)
(2) Direct Distributable
Subtotal (B)
(3) Training
Subtotal (C)
(4) Mfg. Tech.
Subtotal (D)
(5) Q&RA
Total Mfg. Test Labor
Material
(6) Q&RA
(7) Mfg. Tech.
Subtotal (E)
(8} Material & Adm. Burden
Total Malerial

Total Mfg. Test Cost

70

Manhours

31,720
10,150
41,870
13,399

55,269
608

55,877
1,062
56,939
1,175

68,104

Dollars

308,318
98,662
406,980
130,233
537,213
5,909
543,122
222537

555,659
108,624

664,283

3,353
1,858
5,211
_1.772
G983
671,266



3.1.1.2 LH, Tank
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TABLE 3,1,1,2-I LH, TANK - 5/5
MLLV COST SUMMARY Al B0 cO (IN THOUSANDS)
PROGRAM MGMT. |CONT., END ITEM [FACILITIEY LOGISTLICS TOTAL
ELEMENT OF COST PART I PART IT PART I‘II PART IV OTHER
W | 08 | wE | s B [E s M/H §
PROGRAM EXECUTIVE 105|120 105 1,24l
PROGRAM PLAN. & REPT. 263 3,110 263 3,110
INDUSTRIAL RELATIONS| 57 550 57 554
ENGINEERING 1,514 | 17,876 1,514 17,876
LAB TECHNICIANS 303 | 2,942 303 2,942
TOOLING 5,200 | 50,544 5,200 50,544
PRODUCTION
MANUFACTURING TEST 2u6 | 2,393 246 2,393
MANUFACTURING TECH. 131 ) 1,548 131 1,549
Q& RA 1,384 | 13,453 1,384 13,453
FACILITIES
DIRECT DIST 1,379 113,402 1,379 13,402
TRAINING 76 730 76 730
TOTAL DIRECT LABOR| 45 14,908 |10,233 [Lo2,888 10,657 107,796
MATERTAL 11 7,809 7,820
LOGISTIC HARDWARE
BURDEN I 2,654 2,658
TOTAL MATERIAL 15 10,463 10,478
TOTAL OTHER
TOTAL COST 4,923 113,351 118,274




MLLV

PART T

LH_ TANK - S/S
AssEﬁELY OR SYSTEM

TABLE 3.1.1.2-TT

(In Thousands)

Element of Cost ’ ﬂanhgurg Manhours Dollars
Direct Labor
Engineering 1,514
Logistics
Laboratory Technician 303
Production
Tooling 5,200
Manufacturing Test 246
Q&RA 1,384
Facilities
Manufacturing Technician 131
Total Direct Lazbor 8,778
T ———
Program Executive 105 1,248
Program Planning & Reporting _ 263 3,110
. L
Industrial Relations . o7 55
Total Labor ~ Part I k25 - 4,908
Material
Program Planning & Reporting 5
Industrial Relations 6
Material Subtotal 11
Material & Administrative Burden b
Total Material 15
TOTAL COST -~ PART T 4,923
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TABLE 3.1.1.2-III LH_ TANK - S/s

MLLV PART II COST SUMMARY ? tEl s5J23 (IN THOUSANDS)
ELENENT OF COST ENGINAERING PropUCTION | DESIGN & FAB. | MANGLGIORINC TOTAL
M/H $ M/H $ M/H $ M/H 5 M/H $

ENGINEERING 105 |1,240 1,409 | 16,636 1,514 17,876
LAB TECHNICIANS 21. 204 ' 282 2,738 303 2,942
TOOLING 5,200 | 50,544 5,200 50,544
PRODUCTICN

MANUFACTURING TEST , 2u6 | 2,393 246 2,393
MANUFACTURING TECH. 125 1,475 6 773 131 1,548
Q&RA Ly 39 1,314 | 12,7751 66 639 1,384 13,453
|DIRECT DIST 1,300 12,6361 79 766 1,379 13,402
TRAINING 72 695 I 35 76 730
TOTAL DIRECT LABCR | 130 1,483 9,702 97,4991 LOL 3,906 10,233 102,888
MATERIAL

LAB. TECHNICIANS ° Ly 592 636
TOOLING 6,528 6,528
PRODUCTION

MFG. TECHNICIANS : 219 11 230
Q&RA 1 394 20 415
SUBTOTAL L , 7.733 31 7,809
MAT, & ADM. BURDEN 15 2,629 10 2,654
TOTAL MATERIAL 60 10,362 A 10,463
TOTAL PART IX COST 1,543 107,861 3,947 113,351




MLLV

NON-RECURRING COSTS
LH_ TANK - S/S
PART IT _2

ASSEMBLY OR SYSTEM

DESIGN ENGINEERING

- l . l . 2 - Iv
BLEMENT OF COST TABLE 3

BALIC DESIGHN
1. Laboratory Technicians
Subtotal

2. Q&RA

TOTAL ENGINEERING LABOR

MATERIAL

3. Laboratory Technicians

It., Q&RA
Subtotal
5. Material and Adm. Burden

TOTAL MATERIAL

TOTAL ENGINEERING COST

75

(I THOUSANDS)

MANHOURS DOLLARS
105 1,240
21 204
126 1, bl
L 39
130 1,483
Wl
1
45
15
60
1,543



MLLV
NON-RECURRING COSTS
LH,, TANK - S/S

PART IIB ASSEMBLY OR SYSTEM
TOOLING

TABLE 3.1.1,2-V

COLUMN I
ELEMENT OF GOST MANHOURS
TOOL, DESIGN
1. Llab. Tech.
TOTAL ENGR.
Fabrication and Erection

Fab. & Assembly 3,730,512

Misc, Charges 290,980
Maintain & Add

In Scope Changes 41,036

SUBTOTAL (A) 4,062,528

Tool and Production Planningt»137,508

2.
SUBTOTAL (B) 5,200,036
3. Direct Distributable 1,300,009
SUBTOTAL (C) 6,500,045
.. 71,500
4. Training —_—
SUBTOTAL (D) 6,571,548
5, ORRA 1,314,309
6. Marufacturing Tech. 124,859
TOTAL. PRODUCTION LAROR  ©,010,718
MATERIAL
7. Tooling
8, Lab. Tech.
9- %m
10, Manufacturing Tech.
MATERTIAL SUBTOTAL (E)
11, Material & Adm. Burden

TOTAL MATERIAL

TOTAL TOOLING COST

76

COLUMN IT

MANHOURS

1,408,642
281,728

1,690,370

COLUMN ITI

DOLLARS

16,636,062

2,738,400
19,374,462

36,260,577
2,828,325

398,866

39,487,768

11,056,575

50,544,343

12,636,086

63,180,429
694,981

63,875,411
12,775,082

1,k74,588
78,125,081

6,528,396
591,629
394,292

218,503
7,732,820

2,629,159

10,361,979
107,861,522



MLIV

PART IIB
MANUFACTURING
MANUFACTURING TEST

LH_ TANE - TOOLING - S/S

ASSEMBLY OR SYSTEM
15T ONIT COST

TABLE 3-1:1. 2-VI

Element of Cost

Component Test
Component Test Planning
(1) Subtotal (A)

(2) Direct Distributable
Subtotal (B)

(3) Training
Subtotal (C)

(4) Mfg, Tech.
Subtotal (D)

(5) Q&RA
Total Mfg. Test Labor

Material

(6) QsRA

(7) Mfg. Tech.
Subtotal (E)

(8) Material & Adm. Burden
Total Malerial

Total Mifg. Test Cost

77

Manhours

186,526

59,686
246,214

78,789

325,003
357
328,578
62w
334,821
65,716
400,537

Dullais

1,813,033
580,170
2,393,203
765,820
3,159,027
34,749
3,193,776
_ 7,729
3,267,505

638,755

3,906,260

19,715
10,925
30,640
10,417
41,057
3,947,317



3.1.1.3  TLOX Tank
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TABLE 3.1.1.3-I

LOX TANK - S/S

MLLV COST SUMMARY ABsdcO (IN THOUSANDS)
PROGRAM MGMT. |GONT. END ITEM [FACILITIES LOGISTICS
FLEMENT OF COST PART I PART IT quRT 11T EFART iy ] QS
M/H $ M/H 35 8 IS $ M/H $
PROGRAM EXECUTIVE 43 513 L3 513
PROGRAM PLAN. & REPT. 109 |1,281 109 1,281
INDUSTRIAL RELATTONS ol 298 ol 228
ENGINEERING ool | 9,140 77k 9,140
LAB TECHNICIANS 155 1,504 155 1,504
TOOLING 2.026 | 19,697 2,026 19,697
PRODUCTION .
MANUFACTURING TEST 96 933 96 933
MANUFACTURING TECH. 2] 6ol 51 60l
Q& RA 547 5,314 sh7 5,314
FACILITIES
DIRECT DIST 598 | 5,222 538 5,222
TRAINING 29 285 29 285
TOTAL DIRECT LABCR| 176 {2,022 |4,216 |42,699 4,392 4,721
MATERIAL b 3,122 3,126
LOGISTIC HARDWARE
BURDEN 5 1,062 1,064
TOTAL MATERIAL 6 4,18k 4,190
TOTAL OTHER
TOTAL COST 2,028 16,883 48,911




MLLV

PART T

LOX TANK - S/S
ASSEMBLY OR SYSTEM
TABLE 3-]—.1- 3—II

(In Thousands)

Element of Cost Manhours Manhours Dollars
Direct Labor
Engineering T
Logistics
Laboratory Technician 155
Production
Tooling 2,026
Manufacturing Test - 96
Q&RA 547
Facilities
Manufacturing Technician 51
Total Direct Labor 3,619
p———
Program Executive . 43 513
Program Planning & Reporting 109 1,25L
Industrial Relations . 24 228
Total Labor - Part I 176 2,022
Material
Program Planning & Reporting 2
Industrial Relations 2
Material Subtotal b
Material & Administrative Burden 2
Total Material 6
TOTAL COST - PART T 2,028
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TABLE 3.1.1.3-III LOX TANK - S/S

{IN THOUSANDS)

T8

MLLV PART II COST SUMMARY . _ A} sdc
ELEVENT OF COST ENGINRERING ProDUCTION | DESERN & FAB. | MANUTRCTORING TOTAL
M/H $ M/H $ M/H $ M/H $ M/H $
ENGINEERING 225 |2,657 549 | 6,483 774 9,140
LAB TECHNICIANS L5 137 110 | 1,067 155 1,504
TOOLING 2,026 19,697 2,026 19,697
PRODUCTION
MANUFACTURING TEST 96 933 96 933
MANUFACTURING TECH. 19 595 2 29 51 604
Q&RA 9 87 512 4,978 26 249 547 5,34
|DIRECT DIST 507 | 4,924 31 298 538 52222
TRAINING 28 271 1 14 29 285
TOTAL DIRECT LABOR | 279 3,182 3,781 137,995 156 1,522 4,216 42,699
IMATERTAL
LAB. TECHNICIANS ol 231 325
TOOLING 2,544 2,51l
PRODUCTION
MFG. TECHNICIANS 85 4 89
Q&RA 3 154 8 165
SUBTOTAL 97 3,013 12 3,122
MAT. & ADM. BURDEN 33 1,025 4 1,062
TOTAL MATERTAL 130 4,038 16 L, 184
= B S = ]
TOTAL PART II COST
: 3,312 42,033 1,538 46,883




MLLV
NON~-RECURRING COSTS.

PART IT LOX TANK - S/S

ASSEMBLY OR SYSTEM
DESIGN ENGINEERING

BLEMENT_OF_COST TABLE 3.1.1.3-Tv

BALIC DESTGN
1. Laboralory Technicians
Snbtotal

S WERA

TOTAL ENGINEERING LABOR

MATERTAL
3. Laboratory Technicians
., Q&RA
Subtotal
%« Miberial and Adm. Burden

TOTAL MATERIAL

TOTAL ENGINEERING COST

82

MANHOURS

225,000

45,000

9,000

279,000

DOLLARS

2,657,250
437,400

87,480

3,182,130

9%,500
2,700

97,200

33,048

. 130,248

3,312,378



MLLV

NON-~RECURRING COSTS
LOX TANK -~ S/S

PART IIB ASSEMBLY OR SYSTEM

TOOLING
TABL .1.3-
E3.1.1.3 VooLuMy T COLUMN II COLUMN III
ELEMENT OF COST MANHOURS  MANHOURS DOLLARS
TOOIL, DESIGN 548,945 6,483,040
1. Iab. Tech. 109,789 1,067,149
TOTAL ENGR. 658,734 7,550,189
Fabricat.ipn and Erection

Fab. & Assembly 1,453,774 14,130,683
Misc. Charges 113,394 © 1,102,193

Maintain & Add
In Scope Changes 15,992 155,437
SUBTOTAL (A) 1,583,160 15,388,313
2. Tool and Production Planning 443,285 4,308,727
SUBTOTAL (R) 2,026 5 19,697,040
3. Direct Distributable _ 506,611 4,924,260
SUBTOTAL (C) 2,533,056 24,621,300
L. Training __.%7_@.@’ _._.270,834
SUBTOTAL (D) 2,560,919 24,892,134
5, ORRA 512,184 ,978,427
6. Manufacturing Tech. __ 48,657 __ S7h,6uh
TOTAL PRODUCTION LAEOR 3,121,760 30,445,205

MATERTAL

7. Tooling 2,544,105
8. 1Llab. Tech. 230,557
9, (kRA 153,655
10. Manufacturing Tech. 85,150
MATERIAL SUBTOTAL (E) 3,013,467
11, Material & Adm. Burden 1,0218;,812
TOTAL MATERIAL _%,035,04
TOTAL TOOLING COST 42,033,440
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MLLV

PART IIB
MANUFACTURING
MANUFACTURING TEST

LOX TANK - TOOLING - S/S

ASSEMBLY OR SYSTEM
15T UNIT COST

TABLE 3,1.1.3-VX

Element of Cost ‘ Manhours
Component Test 72,6?9
Component Test Planning - 23,260

(1) Subtotal (A) 95,949
(2) Direcl Distributable 30,704
Subtotal (B) 126,653
(3) Training ) 1,393
Subtotal (C) : 128,046
(%) Mfg. Tech. 2,433
Subtotal (D) 130,479
(5) Q&RA 25,609
Total Mfg. Test Labor 156,088
Material
(6) Q&RA

(7) Mfg. Tech.
Subtotal (E)

(8) Material & Adm. Burden
Total Malerial

Total Mfg. Test Cost

84

Dol lars

706,537

226,001

932,628

298, 441

1,231,069

13,541

1,244,610

28,731

1,273,341

248,921

1,522,262

7,683

4,257

11,940

1,060
16,000

1,538,262



3.1.1.4 Tunnels
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TABLE 3.1.1.4-1I TUNMELS - S/S

MLLV COST SUMMARY Al sJcO (IN THOUSANDS)
FROGRAM MGMT. |CONT. END ITEM [FACILITIES LOGISTICS TOT AL,
ELEMENT OF COST PART I PART I | 00 00 DART IV | orumw
M/H $ M/H R M/H 3
PROGRAM EXECUTIVE 8 99 8 99
PROGRAM PLAN. & REPT. o 249 21 249
INDUSTRIAL RELATIONS 5 Ll 5 Ll
ENGINEERING 186 | 2,203 186 2,203
LAB TECHNICIANS 7 | 363 37 363
TOOLING ac6 | o ugo 356 3,462
PRODUCTION
MANUFACTURING TEST 17 164 17 164
MANUFACTURING TECH. 9 106 9 106
Q& RA 99 958 99 958
FACILITIES
DIRECT DIST 9l 918 ol 918
TRAINING 5 19 5 49
TOTAL DIRECT LAEG 34 392 803 | 8,223 837 8,615
MATERTAL 1 571 572
LOGISTIC HARDWARE
BURDEN 104 - 194
TOTAL MATERTAL 1 65 ‘ ' 766
TGTAL OTHER
TOTAL COST 393 8,988 9,381




MLLV

PART I

TUNNELS - S/S
ASSEMBLY OR SYSTEM
TABLE 3.1.1.4_II

(In Thousands)

Element of Cost Manhours Manhours Dollars
Direct Labor
Engineering 186
Logistics
Laboratory Technician 37
Production
Tooling 356
Manufacturing Test 17
Q&RA .99
Facilities
Manufacturing Technician 9
Total Direct Labor 704
Program Executive . 8" 99
Program Planning & Reporting 21 249
Industrial Relations 5 e
Total Labor - Part T 34 392
Material
Program Planning & Reporting ]
Industrial Relations
Material Subtotal
Material & Administrative Burden
Total Material 1
TOTAL COST - PART I 393
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TUNNELS - S/S

MLLV PART II COST SUMMARY tE}sdc[]  (IN THOUSANDS)
TR A I
CLEMENT OF COST rﬁ_@NG%%%%%%NG propuctToN | DRSO & TAB- Mgﬁfggggualmc TOTAL
M/H $ M/H $ M/H $ M/H 3 M/H $
ENGINEERING 90 11,063 96 1,140 186 2,203
LAB TECHNICIANS 18 175 19 188 37 363
TOOLING 356 | 3,462 356 3,462
PRODUCTI ON
MANUFACTURING TEST 17 164 17 164
MANUFACTURING TECH. 9 101 5 9 106
Q&RA 4 39 30 875 5 by 99 958
iDIRECT DIST 89 865 5 53 ol 918
TRAINIKG 5 iy 2 5 Lg
TOTAL DIRECT LABOR | 7172 11,277 664 | 6,678 | 27 268 803 8,223
MATERIAL

LAB., TECHNICIANS 38 Iy} 79
TOOLING Iy Ly
PRODUCTION

MFG. TECHNICIANS 15 1 16
Q&RA 1 27 1 29
SUBTCTAL 39 530 2 57L
MAT. & ADM., BURDEN 13 180 1 194
TOTAL MATERIAL 52 710 3 765
TOTAL PART II COST 1,329 7,388 271 8,988




MLLY
NON-RECURRING COSTS
PART IT TUNNELS - S/S
ASSEMBLY OR SYSTEM
DESIGN ENGINEERING
TABLE 3.1.1.4-IV

BLEMENT OF COST MANHOURS DOLLARS
BASIC DESIGN 90 1,063
1. Laboralory Technicians 18 175
Subtotal 108 1,238
2. Q&RA b 39
TOTAL ENGINEERING LABOR 112 1,277
MATERIAL
3. Laboratory Technicilans s . 38
. Q&RA - —r
Subtotal 39
. . . 13
5. Material and Adm. Burden
TOTAL MATERIAL 52
TOTAL ENGINEERING COST 1,329
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MLLV

NON-RECURRING COSTS
TUNNELS - S/S

PART IIB ASSEMBLY OR SYSTEM

TOOLING

TABLE 3.1.1.4-V

ELEMENT OF COST

TOCI. DESIGN
1. Lab. Tech.
TOTAL, ENGR.

Fabrication and Erection

Fab. & Assembly

Misc. Charges

Maintain & Add
In Scope Changes

SUBTOTAL (&)

CULUMN T

MANHOURS

255,528
19,931

2,811
278,270
,916

2. Tool and Production PlanningTW

SUBTOTAL (B)

3. Direct Distributable
SUBTOTAL (C)

4. Training
SUBTOTAL (D)

5. O&%RA

6. Manufacturing Tech.

TOTAL PRODUCTION LABOR

MATERTAL
7. Tooling
8. TLab. Tech.
g, O&RA

10. Manufacturing Tech.
MATERIAL SUBTOTAL (E)

11. Material & Adm. Burden
TOTAL MATERIAL

TOTAL TOOLING COST

356,186
89,046

Mg

450,130

90,026
8,552

548,708

90

COLUMN II

MANHOURS _

96,488
19,298

115,786

COLUMN IIX

DOLLARS

1,139,523

187,573
1,327,096

2,483,732
. 193,730

27,321
2,704,783
757,339
3,462,122
865,530
R
4,375,256
875,051

101,004

5,351,311

Lhy7 174
40,526
27,007
14,966

529,673

180,089
709,762

7,388,160



MLLV

PART IIB
MANUFACTURING
MANUFACTURING TEST

TUNNELS - TOOLING - $/S

ASSEMBLY CR SYSTEM
15T UNIT COST

TABLE 3.1.1.4_VI

Flement of Cost

Component Test
Component Test Planning
(1) Subtotal (A4)
(2) Direcl Distributable
Subtotal (B)
(3) Training
Subtotal (C)
(4) Mfg. Tech.
Subtotal (D)
(5) Q&RA
Total Mfg. Test Labor
Material
(6) Q&RA
(7) Mfg., Tech.
Suli.otal (E)
{(8) Material & Adm. Burden
Total Matlerial

Total Mfg. Test Cost

91

Manhours

12,776

4,088

16,864

5,397
22,261

245
22,506

428

22,934
i,501

27,435

Dotdurs
124,183
39,738
163,921
52,45
216,375
2,97
218,754
5,050
223,804
0,751
267,555

1,350
_m8
2,098
T
282

270,367



3.1.1.5 Thrust Structure
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TABLE 3.1.1.5-I THRUST STRUCTURE - S/S
MLLV COST SUMMARY AR c] (I¥ THOUSAXDS)
PROGRAM MGMT. [CONT. END ITEM {FACILITIEY LOGISTICS TOTAL
ELEMENT OF COST PART T PART II ﬂfART IIT I:PART AN p—
¥/H $ M/H RS M/H $
PROGRAM EXECUTIVE 18 211 | 18 211
PROGRAM PLAN. & REPT. 45 529 ! Ls 529
INDUSTRIAL RELATIONZ| 10 9l 10 94
ENGINEERING 423 | 4,997 u23 4,997
LAB TECHNICIANS 85 822 85 822
TOOLING 731 | 7,108 731 7,108
PRODUCTION
MANUFACTURING TECH. 19 217 19 217
Q& RA 203 | 1,974 203 1,974
FACILITIES
DIRECT DIST 104 | 1,885 194 1,885
TRAINLNG 11 | 103 11 103
TOTAL DIRECT LAES 73 834 |1,701 7,443 1,174 © 18,277
MATERIAL 2 1,188 1,180
LLOGISTIC HARDWARE
BURDEN o5 L06
TOTAL MATERIAL 3 1,593 1,596
TOTAL OTHER
TOTAL COST 837 19,036 19,873




MLLV

PART I

THRUST STRUCTURE - S/S
ASSEMBLY OR SYSTEM

TABLE 3.1.1.5-1T

(In Thousands)
Element of Cogt Manhours Manhours Dollars

Direct Labor

Engineering H23
Logistics
Laboratory Technician 8
Production
Tooling .73
Manufacturing Test 35
QSRA 203
Facilities
Manufacturing Technician 19
Total Direct Labor 1,496
Program Executive 18 2Ll
Program Planning & Reporting "5 529
Industrial Relations 10 ok
Totathabor - Part T 73 ) 8?4
Material
Program Planning & Reporting 1
Industrial Relations 1
Material Subtotal
Material & Administrative Burden L
Total Material 3
TOTAL GOST - PART I 837
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TABLE 3.1.1.5-IIT THRUST STRUCTURE ~ 8/S

MLLV PART II COST SUMMARY s 302 (IN THOUSANDS)
LEMENT OF COST ENGINEERING propucTION | DESTEN & FAB. | MAN-Dof TG TOTAL
M/H $ M/H $ M/H $ ¥/H 3 M/ $
ENGINEERING 225 12,657 | 198 | 2,340 h23 4,997
LAB TECHNICIANS Ls 437 40 385 85 822
TOOLING 731 7,108 731 7,108
PRODUCTION
MANUFACTURING TEST , 35 337 35 337
MANUFACTURING TECH. 18 207 1 10 19 217
Q&RA 9 87 185 | 1,797 9 90 203 1,974
{DIRECT DIST 183 1,777 11 108 194 1,885
TRAINING 10 08 1 5 11 103
TOTAL DIRECT LABOR | 279 |3,182 1,365 |13,712 56 549 1,700 17,443
MATERIAL
LAB. TECHNICIANS 9l 83 177
TOOLING 918 918
PRODUCTION
MFG. TECHNICIANS 30 1 31
QaRA 3 55 3 61
SUBTOTAL 97 1,087 I 1,188
MAT, & ADM. BURDEN 33 370 2 405
TOTAL MATERIAL 130 : 1,457 6 1,593
TOTAL PART II COST 3,312 15,169 555 19,036




MLLV
NON-RECURRING COSTS

PART IT _THRUST STRUCTURE - S/S
ASSEMBLY OR SYSTEM

DESIGN ENGINEERING
TABLE 3,1.1.5-1IV

BLEMENT OF COST MANHOURS DOLLARS
BAGEC DESLGN 225,000 2,657,250
1. Laboratory Technicians 45,000 437,400
Subtotal
O QaRA 9,000 87,480
POTAL ENGINEERING LABOR 279,000 3,182,130
MATERIAL
2. Laboratory Technicians 94,500
. Q&RA - 2,700
Subtotal 975200
5. Material and Adm. Burden 33,048
TOTAL MATERTAL 130,248
TOTAL ENGINEERING COST 3,312,378
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MLLV
NON-RECURRING COSTS

THRUST STRUCTURE - S/S
PART IIB ASSEMBLY OR SYSTEM

TOOLING
TABLE 3.1.1,5-v
COLUMN I COLUMN 11
ELEMENT QF COST ‘MANHOQURS MANHOUBS
TOOL DESIGN 198,109
1. Lab. Tech. 39,622
TOTAL ENGR.

Fabrication and Erection

Fab. & Assembly 520,651
Misc. Charges 40,923
Maintain & Add

In Scope Changes 55771
SUBTOTAL (4) 571,345

2. Tool and Production Planning 159,977

‘SUBTCTAL (B) 731,322
3. Direct Distributable 182,830
SUBTOTAL (C) 914,152
4. Training 10,05
SUBTOTAL {D) 924,208
5. C&RA 184,841
6. Manufacturing Tech. 17,560
TOTAL PRODUCTION LABOR 1,126,609
MATERTAL
7. Tooling
8. Lab. Tech.
9. (%RA

lO: Manufacturing Tech.
MATERTAL SUBTOTAL (E)

11. Material & Adm. Burden
TOTAL MATERIAL

TOTAL TOOLING COST

97

237,731

COLUMN IIX
DOLIARS

2,339,667
385,124
2,724,791

5,099,608
397,759

56,095
1,554,972
1,554,972

7,108,442

1,777,110

8,885,553
97,740

8,983,293
157963658‘

207,382
10,987,333

918,139
83,206

55,452
30,730

1,087,527
369,759

1,457,286
15,169,410



MLIV

PART IIB
MANUFACTURTNG
MANUFACTURING TEST

THRUST STRUCTURE - TOOLING - S/S

ASSEMBLY OR SYSTEM
15T UNIT COST

TABLE 3.1-1-5-VI

Flement of Cost

Component Test
Component Test Planning
(1) Subtotal (4)
(2} Dirucel Distributable
'Subtotal (B)
(3) Training
Subtotal (C)

(4) Mfg. Tech.

Subtotal (D)
(5) Q&RA

Total Mfg. Test Labor
Material
(6) Q&RA

(7)Y Mfp. Tech.
Subtotal (E)

{8} Material & Adm. Burden
Total Malerial

Total Mfg. Test Cost

98

Manhours

26,233
8,395
34,628
11,081

h5,709
203
46,212

878

7,090

Dot tare
25,985
81,595
336,580
107,705
iy, 285
4,886
49, 171
10,369

459,540

89,834

549,370

2,773
4,310
L5
575
555,14



3,1.1.6 Base Plug
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BASE PLUG - SINGLE STAGE
TABLE 3.1.1.6-I

00T

MLLV COST SUMMARY AlXIedc (IN THOUSAXDS)
PROGRAM MGMT. |CONT. END ITEM [FACILITIES LOGISTICS TOTAL
ELEMENT OF COST PART I PART IT PART IT1 | PART IV | joore
¥/H $ M/H e M/H $

PROGRAM EXECHTIVE 13 151 - - 13 151
PROGRAM PLAN. & REPT. 32 378 - - _ 32 378
INDUSTRIAL RELATIONS v 67 - - 7 67
ENGINEERING v - -1 473 | 5,590 - 473 5,590
LAB TECHNICIANS - - 95 920 95 920
TOOLING -t -l 363 | 3,529 363 35529
PRODUCTION - - - _ - -
MANUFACTURING TEST _ _ 17 167 17 167
MANUFACTURING TECH. - - .9 108 9 108
Q& RA . -4 112 [ 1,083 112 1,083
FACTLITIES _ I - ' - -
DIRECT DIST - -1 9| o3 ‘ 97 935
TRAINING _ _ P 5 5 51
TOTAL DIRECT LAECR 5 5061 1,171 [12.983 1.22 12,979
MATERIAL 2 T 704 706
LOGISTIC HARDWARE _ R -
BURDEN , - 240 240
TOTAL MATERIAL 2 Qlyly oL
TOTAL OTHER - - -
TOTAL COST 598 13,327 $13,925




MLLY

PART T

BASE PLUG - S/S
ASSEMBLY OR SYSTEM

TABLE 3,1.1.6-1II

Element of Cost Manhours
Direct Labor
Engineering 473
Logistics
Laboratory Technician 95
Production
Tooling 363
Manufacturing Test 17
Q&RA . 112
Facilities
Manufacturing Technician 9
Total Direct Labor 1,069

Program Executive
Program Planning & Reporting

Industrial Relations

Total Labor - Part I

Material

Program Planning & Reporting
Industrial Relations

Material Subtotal
Material & Administrative Burden

Total Material

TOTAL COST - PART I

101

(IN THOUSANDS)

Egnhourqg_ Dollars
13 151
32 378
7 67
52 $596
2
$598



Z0T

BASE PLUG - SINGLE STAGE

MLLV PART TT COST SUMMARY =z (N THOUSANDS;
SNTEACTTRTNS A
PLEVENT OF COST RNGINERRING PRODUCTION ?quggifﬁgm?' ‘"i;?ﬁéf'““' _ TOTAL
M/H $ M/H $ M/H $ ¥id : ¥od 3
ENGINEERING 375 | 4,429 98 | 1,161 " 473 5,590
LAB TECHNICIANS 75 729 20 191 95 920
TOOLING ' 363 | 3,529 363 3,529
PRODUCTLON
MANUFACTURING TEST , 17 167 17 167
MANUFACTURING TECH. 9 103 5 21 . 108
Q&RA 15 146 92 892 5 Ls 112 1,083
IDIRECT DIST 91 882 6 53 97 935
TRATNING =« 43 2 5 51
TOTAL DIRECT LABOR w65 | 5,301 677 | 6,806 28 273 1,170 12,383
MATERIAL
LAB. TECHNICIANS 157 Al 198
TOOLING 156 456
PRODUCTION "
MFG. TECHNICIANS ’ 15 1 16
Q&RA ' 5 18 1 34
SUBTOTAL 162 540 2 700
MAT. & ADM., BURDEN I 184 1 240
TOTAL MATERIAL 217 72k 3 9k
TOTAL PART II COST $5,5021 $7,530 $276 $13,327




MLLY
NON-RECURRING COSTS
PART II BASE PLUG - 5/S

ASSEMBLY OR SYSTEM

DESIGN ENGINEERING

3.1.1.6-IV
ELEMENT OF COST TABLE

BAGIC DESTGN
l. Laboratory Technickans
vublotal

S QERA

TOTAL ENGINEERING LABOR

MATERIAL

3. Laboratory Technicians

I, Q&RA

Subtotal

-

Malerial and Adm. Burden

TOTAL MATERIAL

TOTAL ENGINEERING COST

103

MANHOURS

375,000
75,000

15,000

465,000

DOLLARS

$i,128,750

729,000

145,800

$5,303,550

157,500

k4, 500

162, 500

55,250
217,250

$5,520,800



MLLV

“NON--RECURRING COSTS

BASE PLUG - S/S

PART 1IB ASSEMBLY OR SYSTEM

TOOLING

TABLE 3.1.1.6-V

COLUMN I
ELIMENT QF COST MANHQURS
TOOIL- DESIGN
1. Lab. Tech.
TOTAL ENGR.
Fabrication and Erection
Fab. & Assembly 260,442
‘Misc. Charges - 20,314
Maintain & Add
In Scope Changes 2,865
SUBTOTAL (A) 283,621
2. Tool and Production Planning 79,414
SUBTOTAL (B) 363,035
3. Direct Distributable __90,759
SUBTOTAL (C) 453,794
4. Training 2,992
SURTOTAL (D) 458,786
5. O&RA 91,757
6. Manufacturing Tech. 8,717
TOTAL PRODUCTION LAROR' 559,260
MATERIAL
7. Tooling
8. Lab. Tech.
Q. f&RA
10. Manufacturing Tech.
MATERIAL SUBTOTAL (E)
11. Material & Adm. Burden

TOTAL MATERIAL

TOTAL TOCLING COST

104

COLUMN IT
MANHOURS

_194656

COLUMN III
DOLLARS

98,280 $1,160,687
191,056

117,936 $1,351,713

2,531,496
197,456

27,846

2,756,798

771.903
3,528,701

882,175
b,410,876
48,519
b,859,395
891,879

102,947
"§5,454,221

455,774
hi,228

. 27,527
15,253

539,832

183,543
723,375

$7.529.339



MLLV

PART IIB
MANUFACTURING
MANUFACTURING TEST

BASE PLUG - TOOLING S/S
ASSEMBLY OR SYSTEM
TABLE 3.1.1,6-VI

Element of Cost

Component Test
Component Test Planning
(1) Subtotal (A)
(2) Diroect Distributable
Subtotal (B)
(3) Training
Subtotal (C)
(4) Mfg. Tech.
Subtotal (D)
(5) Q&RA
Total Mfg. Test Labor
Material
(6) QaRA
(7) Mfg. Tech.
Sublotal (E)
(8) Material & Adm. Burden
Total Malerial

Total Mfg, Test Cost

105

Manhours

13,022

4,167

Dulluys
$126,574
40,503
167,077
53,464
220,541
2,h25
222,966
__ 5,147
228,113
L ,592
_$272,705
1,376
763
2,139
727
2,866

$275,571



3.1.1.7 Structure Assembly
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TABLE 3.1.1.7-1 STRUCTURE ASSEMBLY - S/S

LOT

MLLV COST SUMMARY Al@sdc( (I¥ THOU3AXDS)
PROGRAM MGMT. [CONT. END ITEM {FACILITIES L,0GISTICS ) TOTAL i
ELEMENT OF COST PART I PART 1T PART 11T | PART IV | ~pppp —
/H $ M/H s = s |5 s M/H 3

PROGRAM EXECUTIVE 1 13 _ 1 13

PROGRAM PLAN. & REPT. 1 32 3 32

INDUSTRIAL RELATIONZ| 1 6 ) 1 6

ENGINEERING 75 | 886 75 886

LAB TECHNICIANS 15 1116 15 146

TOOLING

PRODUCTI.ON

MANUFACTURING TEST

MANUFACTURING TECH.

Q& RA 3 29 3 29

FACILITIES

DIRECT DIST

TRAINING

TOTAL DIRECT LABCR| 5 51 93 1,061 98 1,112

MATERIAL 33 33

L.OGISTIC HARDWARE _

BURDEN 11 ' 131
TOTAL MATERI (L Ly i 7 1l
TOTAL OTHER '

TOTAL COST 51 1,105 1,156




MLLV

PART 1T

STRUCTURE ASSEMBLY - S/S
ASSEMBLY OR SYSTEM

TABLE 3.1-‘1-. 7_II

(In Thousands)
Element of Cost Manhours Manhours Dollars

Direct Labor

Engineering 75
Logistics

Laboratory Teéhnician 15
Production

Tooling

Manufacturing Test
Q&RA . 3
Facilities

Manufacturing Technician

Total Direct Labor 93
Program Executive 1 13
Program Planning & Reporting 3 32
Industrial Relations 1 6
Total Labor - Part I 5 51

Material

Program Planning & Reporting
Industrial Relations

Material Subtotal
Material & Administrative Burden

Total Material
POTAL COST - PART I 51
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TABLE 3,1.1.7-III STRUCTURE ASSEMBLY - S/5

MLLV PART II COST SUMMARY ~E] =z D o (IN THOUSANDS)

TTRACTIRT NG
FLENENT OF GOST ENGIARERING propucIoN | DESTON & FAB. | MAR-FALfoRilG TOTAL
M/H $ M/H $ M/H $ M/H 3 M/H $
ENGINEERING 75 886 75 886
LAB TECHNIGIANS 15 146 15 146
TOOLING
PRODUCTION
MANUFACTURING TEST
MANUFACTURING TECH.
Q&RA 3 29 3 29
{DIRECT DIST
TRATINING
TOTAL DIRECT LABOR 93 1,061 93 1,061
MATERIAL '
LAB. TECHNICIANS 32 32
TOOLING
PRODUCTION
MFG. TECHNICIANS
Q&RA 1 1
- SUBTOTAL . 33 33
MAT. & ADM. BURDEN 1L 11
TOTAL MATERTAL Ll Iy
TOTAL PART II COST 1,105 1,105




MLLV

NON-RECURRING COSTS
PART I1 STRUCTURES ASSEMBLY - S/S

ASSEMBLY OR SYSTEM

DESIGN ENGINEERING
TABLE 3.1.1.,7-IV

LLIEMENT QF COST 5

BAGTC DESTGN
1. Laboralory Technicians
Hublobal

Je QERA
TOTAL ENGINEERING LABOR

MATERIAL
3. Laboratory Technicians
h. Q&RA
Subtotal
G: Material and Adm. Burden

x

TOTAL MATERTAL

TOTAL ENGINEERING COST

110

MANHOURS

75

B

90
3

93

(IN THOUSAWDS)
DOLLARS

886
146
1,032

29

1,061

32

33
11
Ly

1,105



3.1.2 Systems

The Get Ready Costs for the system components of the single stage vehicle are
displayed in Figure 3,1,2,0-1, The details for each individual system
component are contained in the appropriate subparagraph, as indicated in the
figure.

Table 3.1.2.0-1 is a total Get Ready Cost of all of the systems.

These costs consist of basic (or non-recurring) engineering required to produce
the basic tooling, fabrication and assembly of tooling, and basic article design
including all engineering, such as, manufacturing liaison and coordination
required to produce the first article. These costs are non-recurring in that.
they are experienced once during the production cycle.
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SYSTEMS PROP, MECII,
$58, 023 $31, 281

31,21
ELECTRICAL
$3, 921

3.1.2.2

' 3.1.2.0

INSTR.
$9, 873
3.1.2.3

FLIGHT
CONTROIL

$3, 700

7 3.1.2.4

SYS. ASSY.
$9, 248

3.1.2.5

NOTES:
DOLLARS ARE IN THOUSANDS.
NUMBERS IN LOWER RIGHT CORNER
DESIGNATE APPLICABLE SECTION
NUMBER FOR COST DETAILS.

FIGURE 3,.1.2.0~1 MLLV MAIN STAGE SYSTEMS COSTS GET READY, "A'" COSTS
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TABLE 3.1.2.0-I

SYSTEMS - SINGLE STAGE

MLLV COST SUMMARY alkds]c (IN PHOUSANDS)
\ PROGRAM MGMT. [CONT. END ITEM fFACILITIES LOGISTICS TOTAL
FLEMENT OF COST PART I PART IT PART IIT | PART IV HER -
we | | wE | s G5 s [F] s u/H :

PROGRAM EXECUTIVE 53 633 53 633
PROGRAM PLAN. & REPT. 135 11,587 135 1,587
INDUSTRIAL RELATIONS| 29 282 ‘ 29 282
ENGINEERING 2,264 |26 729 2,264 26,729
LAB TECHNICIANS 453 | 4,399 453 4,399
TOOLING 1,267 |12,317 1,267 12,317
PRODUCTION
MANUFACTURING TEST 60 583 60 583
MANUFACTURING TECH. 32 377 32 377
Q& RA 412 I4,018 412 4,018
FACILITIES ‘

DIRECT DIST 337 | 3,265 337 | 3,265
TRATNTNG 18 179 18 179
TOTAL DIRECT LAEGR 217 |2,502 {4,843 [51,867 5,060 54,369
MATERIAL 5 2,723 2,728

LOGISTIC HARDWARE
BURDEN 1 925 926
TOTAL MATERIAL 6 3,648 3,654
TOTAL OTHER
TOTAL COST 2,508 55,515 58,023
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3.1.2.1 Propulsion/Mechanical System
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TABLE 3.1.2.1-I

PROPULSION ANWD MECHANICAL - SINGLE STAGE

MLLV COST SUMMARY ‘ ARl c3 (IN THOUSANDS)
PROGRAM MGMT. | CONT. END LITEM |FACILITIEY LOGISTICS TOTAL
ELEVENT OF COST PART I PART TT PART IIT| PART IV | oo
/4 P M/H ISRE = . M/H $
PROGRAM EXEGUTIVE o8 333 ' 28 333
PROGRAM PLAN. & REPT. oy 83l 71 834
INDUSTRIAL RELATIONS| 14 148 15 148
ENGINEERING 683 | 8,065 683 8,065
LAB TECHNICIANS 137 { 1,328 137 1,328
TOOLLNG 1,137 111,048 1,137 11,048
PRODUGTION
MANUFACTURING TEST =l 5215 54 523
MANUFACTURING TECH. 28 138 28 338
Q& RA 316 | 3.079 316 3,079
FACILITIES
DIRECT DIST 301 | 2,929 301 2,929
TRAINING 17 1606 17 160
TOTAL DIRECT LAEGR| 11) |  a7e 2.673_| 27470 2,787 28,785
MATERTAL 3 1,860 1,863
LOGISTIC HARDWARE
BURDEN 1 632 633
TOTAL MATERIAL i 2,492 2,492
TOTAL OTHER
TOTAL COST 1,319 29,962 31,281




MLLV

PART T

PROPULSION AND MEGHANICAL - S/S
ASSEMBLY OR SYSTEM

TABLE 3.1.2.1-II

. (In Thousands)
Element of Cost Manhours Manhours : " Dollars

Direct Labor

Engineering 683
Logistics
Laboratory Technician 137
Production
Tooling 1,137
Manufacturing Test 54
. Q&RA 316
Facilities
Manufacturing Technician 28
Total Direct Labor 2,355
Program Executive . 28 333
Program Planning & Reporting 71 834
148
Industrial Relations 15
Total Labor - Part I 114 . 1,315
Material
Program Planning & Reporting
Industrial Relations 2
Material Subtotal 3
Material & Administrative Burden 1
Total Material b
TOTAL COST - PART I 1,319
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TABLE 3.1.2.1-IIT
MLLV PART TI COST SUMMARY

PROPULSION AND MECHANICAL - S/S
~k1 =0z  (IN THOUSANDS;

8TT

DESICN DESIGN & FAB. | MARUFASTURING TCTA
PLEMENT OF GOST ENGTNEERING PRODUCTION TOOLING -=r _ CTAL :
M/H $ M/H $ ¥/E 3 MH $
ENGINEERING 375 | 4,429 308 | 3,636 683 8,065
LAB TECHNICIANS 75 729 62 599 137 1,328
TOOLING 1,137 [11,048 1,137 11,048
PRODUCTI ON
MANUFACTURING TEST 54 523 54 523
MANUFACTURING TECH. 27 322 1 16 28 338
Q&RA 15 146 287 | 2,793 14 140 316 3,079
{DIREGT DIST 284 | 2,762 17 167 301 2,929
TRAINING 16 152 1 8 17 160
TOTAL DIRECT LABOR { 1465 | 5,304 2,120 121,312 88 854 2,673 27,470
MATERTAL
LAB. TECHNICIANS 158 129 287
TOOLING 1,427 1,427
PRODUCTION
MFG. TECHNICIANS 48 3 51
Q&RA 5 86 L 95
SUBTOTAL 163 1,690 7 1,860
MAT, & ADM. BURDEN 55 595 2 632
TOTAL MATERTAL 218 2,265 9 2,492
TOTAL PART IT COST 5,522 23,577 863 29,962




MLLV
NON-RECURRING COSTS

PART [I PROPULSION AND MECHANICAL SYSTEM - S/S
ASSEMBLY OR SYSTEM
DESIGN ENGINEERING
TABLE 3.1.2.1-1V

BLEMENT OF COST MANHOURS DOLLARS
BASIC DESIGN 375 4,429
t.  Laboratory Technicians 75 729
Subtotal 450 5,158
Do QXRA 15 146
TOTAL ENGINEERING LABOR 165 5,304

MATERTAL

3. Laboratory Techniclans - 158

. Q&RA —_— 5
Subtotal 163
5. Malerial and Adm. Burden 55
TOTAL MATERTAL 218
TOTAL ENGINEERING COST 5,522
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MLLV
NON-RECURRING COSTS

PROPULSION AND MECHANICAL SYSTEM - S/S

PART IIB ASSEMBLY OR SYSTEM

TOOLING
TABLE 3.1.2.1-V
COLUMN I  COLUMN II
VLEMENT OF COST MANHOURS  MANHOURS
TOOL DESIGN 307,913
1. Lab. Tech. _6L,583
TOTAL ENGR. 369,196

Fabrication and Erection

Fab. & Assembly 815,446
Misc. Charges 63,605
Maintain & Add

In Scope Changes ____§1220
SUBTOTAL (&) 888,021

2. Tool and Production Planning 248,646
SUBTOTAL (B) 1,136,667
3. Direct Distributable __E§51}§?
SUBTOTAL (C) 1,420,834
4, Training ___l2A§§9
SUBTOTAL (D) 1,436,463
5. G&RA 287,292
6. Manufacturing Tech. 27,293
TOTAL PRODUCTION LABOR 1,751,048
MATERIAL
7. Tooling
8, Lab. Tech.
9. {‘&B’A
10. Manufacturing Tech.
MATERIAL SUBTOTAL (E)
11. Material & Adm. Burden

TOTAL MATERIAL

TOTAL TOOLING COST

120

COLUMN ITI
DOLLARS

3,636,453
598,583
4,235,036

7,926,135
618,238

87,187

8,631,560

_2,116,836
11,048,396

2,762,008

13,810,494
151,915

13,962,409
2,792,481

322,327

17,077,217

1,427,030
129,32l
86,188

47,763
1,690,305

578,70k
2,265,009

23,577,262



MLLV

PART ITB
MANUFACTURING
MANUFACTURING TEST

PROPULSION AND MECHANICAL - TOOLING - S/S

ASSEMBLY OR SYSTEM
15T UNIT COST

TABLE 3.1- 2.1"'VI

Element of Cost Manhours Dol iy
Component Test ' Lo ,772 396,304
Component Test Planning 13,047 126,817

(1) Subtotal (4) 53,819 523,121
(2) Direst Distributable 17.222 167,398
Subtotal (B) 71,041 690,519
(3) Training . 781 7,595
Subtotal (C) 71,822 698,114
(4) Mfg. Tech. 1,365 16,116
Subtotal (D) 73,187 714,230
(5) QaRA 14,364 139,622
Total Mfg. Test Labor 87,551 853,852

Material
(6) Q&RA 4,309
(7) Mfg. Tech. 2,388
Subtotal (E) 6,697
(8) Matecinal & Adm. Burden 2,277
Total Malerial 8,974
Total Mfg. Test Cost 862,826
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3.1.2,2 Electrical System
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TABLE 3.1.2.2~T ELECTRICAL - SINGLE STAGE

£ZT

MLLV COST SUMMARY Alds]cq (I¥ THOUSADS)
PROGRAM MGMT. |CONT. END ITEM [FACILITIEST.0GISTICS TOTAL
ELEMENT OF COST PART I PART IT PART IITI | PART IV OTHER
wE L s | owE | s S s [5]s M/H 3
PROGRAM EXECUTIVE I iyl Iy Ll
PROGRAM PLAN. & REPT. 9 110 9 110
INDUSTRIAL RELATIONS 2 19 2 19
ENGINEERING 230 2,722 231 2,722
LAB TECHNICIANS 46 448 46 448
TOOLING 20 197 20 197
PRODUCTION
MANUFACTURING TEST 9 1 9
MANUFACTURING TECH. 6 1 6
Q& RA 14 140 14 140
FACILITIES
DIRECT DIST 6 52 6 52
TRAINING 3 3
TOTAL DIRECT LARCR 15 173 319 3,577 334 3,750
MATERTAL 128 128
LOGISTIC HARDWARE
BURDEN 43 )
TOTAL MATERT AL, 171 171
TOTAL OTHER
TOTAIF. COST 173 3,748 3,921




MLLV

PART I

ELECTRICAL - S/S
ASSEMBLY OR SYSTRM

TABLE 3.1.2.2-IT
(In Thous:znds)

Element of Cgst Manhours Manhours Dollars

*

Direct Labor

Enpineering 231

Logislics

Laboratory Technician 46
Production

Tooling 20
Manufacturing Test
Q&RA 1
Facilit;es

Manmafacturing Technician 1

Total Direct Labor 313

Program Executive

Program Planning & Reporting 9 110

Industrial Relations 2 19

. Total Labor - Part T l5. 173

Material

Program Planning & Reporting
Industrial Relations

Mate;ial Subtotal
Materisl é Administrative Burden

Total Material

‘TOTAL COST - PART I 173
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TABLE 3.1.2,2-IIX ELECTRICAL - SINGLE STAGE

MLLV PART II COST SUMMARY

Set

DESIGH N DESIGN & FAB. | Mol fis-.n_vs et
ELEMENT OF COST ENGINEERING PRODUCTICH TOOLING -Tit LTAL
M/H $ M/H M/H 3 3 = 3

ENGINEERING 225 | 2,657 6 65 231 2,722
LAB TECHNICIANS 45 u37 1 11 56 Li8
TOOLING 20 197 20 197
PRODUCTI ON

MANUFACTURING TEST 9 1 9
MANUFACTURING TECH. 1 5 1 5
Q&RA 9 87 5 50 3 14 140
iDIRECT DIST 5 49 3 6 52
TRAINING 3 3

TOTAL DIRECT LABOR | o9 [ 5981 38 281 15 319 3,577
MATERIAL

LAB. TECHNICIANS 95 2 97
TOOLING - 25 25
PRODUCTION

MFG. TECHNICIANS 1 1
Q&RA 3 2 5

SUBTOTAL 98 20 128
MAT. & ADM. BURDEN 33 10 13
TOTAL MATERTAL 131 10 171
TOTAL PART II COST 3,312 L2 15 3,748




MLLV
NON~-REGURRING COSTS

PART I1 ELECTRICAL SYSTEM - S/S
ASSEMBLY OR SYSTEM
DESIGN ENGINEERING

BLIMENT OF COST TABLE 3.1.2.2-1IV MANHOURS
A5 1C DESLGN 225
1. Labortory Technicians 45
Oubtolal 270
2. QERA G
TOTAL ENGINEERING LABOR 279
MATERTAL

2. Laboratory Technicians
t,  Q&RA
Subtotal

5. Material and Adm. Burden

TOTAL MATERTAL

TOTAL ENGINMEERING GOST

126

(IN THOUSANDS)
DOLLARS

2,657
7
3,094

87

3,181

95

98
33
131

3,312



MLLY
NON-RECURRING COSTS

ELECTRICAL SYSTEM - S/S
PART IIB ASSEMBLY OR SYSTEM

TOOLING
"TABLE 3.1.2.2-V
COLUMN I  COLUMN II
ELEMENT OF GOST MANHOURS  MANHOURS
TOOL. DESIGN 5,492
1. Lab. Tech. 1,098
TOTAL ENGR.

Fabrication and Erection

Fab. & Assembly 14,545
Misc. Charges 1,135
" Maintain & Add
In Scope Changes ___jfﬁl_
SUBTOTAL (A) 15,840

2. Tool amd Production Plamning *.435

SUBTOTAL (B) 20,275
3. Direct Distributable _5,069

SUBTOTAL (C) 25,344
4, Training ___222__

SUBTOTAL (D) 25,623
5. D0&RA _ 5,124

6. Mamafacturing Tech. bs7

TOTAL PRODUCTION LABOR 31,234

MATERIAL
7. Tooling
8, Lah., Tech.
9- %m

10. Manufacturing Tech.
MATERIAL SUBTOTAL (E)

11l. Material & Adm, Burden
TOTAL MATERIAL

TOTAL TOCLING COST

i27

6,590

COLUMN IIT
DOLLARS

64,861
10,676

75,537

141,377
11,027

1,554

153,958

13,108

197,066

59,267

246,333
2,709

249,042

49,808
5,749

304,599

25,455
2,306
1,537

852

30,150

10,251

40,401
420,537



MLLV

PART IIBR
MANUFACTURING
MANUFACTURING TEST

ELECTRICAL SYSTEMS - TOOLING - S/S

ASSEMBLY OR SYSTEM
13T UNIT COST

TABLE 3.1.2.2-VI

Element_of Cost Manhours
Component Test 727
Component Test Planging 233

(1) Subtotal (A) 960
(2) Direcl Distributable _ 307
Subtotal (E) 1,267
(3) Training 14
Subtotal (C) 1,281
() Mfg. Tech. 2L
Subtotal (D) 1,305
(5) Q&RA 256
i Total Mfg. Test Labor }iéél
Material o
(6) Q&RA
(7) Mfg. Tech.
Subtotal (E)
(8) Matlerial & Adm. Burden

Total Malerial

Total Mfg. Test Cost
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3.1.2.8 Instrumentation System
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TABLE 3.1.2.3-I ' INSTRUMENTATION - SINGLE STAGE

MLLY COST SUMMARY s edc] (IN THOUSANDS)
PROGRAM MGMT. JCONT. END LTEM [FACILITLEY LOGISTICS TOTAL
ELEMENT OF COST PART I PART II PART III | PART IV OTHER
we | o8 | we | s B¢ 15 /H $
PROGRAM EXECUTIVE 9 111 9 BT
PROGRAM PLAN. & REPT. o4 280 2k 280
INDUSTRIAL RELATIONS| = . 50 ‘ 5 50
ENGINEERING 68 |7,175 608 2,175
LAB TECHNICIANS 122 1,181 | Co122 1,181
TOOLING 28 27 28 271
PRODUGTION
MANUFACTURING TEST 3 13 1 13
MANUFACTURING TECH. 1 8 R 8
Q& R A % | 305 3L 305
FACILITIES
DIRECT DIST 8 72 ' 8 72
TRAINING s L
TOTAL DIRECT LAEOR 38 1 799 9,029 837 9,470
MATERTAL 1 300 ' 301
LOGISTIC HARDWARE
BURDEN 102 102
TOTAL MATERIAL 1 402 403
TOTAL OTHER -
TOTAL COST bh2 9,431 9,873




MLLV

PART L

INSTRUMENTATION - S/S

ASSEMBLY OR SYSTEM

TABLE 3.1.2.3

Element of Cost

Direct Labor

. Engineering
. Logistics
—Laboratory Technician
Production
Tooling
Manufacturing Test
Q&RA
Facilities

Manufacturing Technician

Total Direct Labor

Program Executive
Program Plamning & Reporting

Industrial Relations

Total Labor - Part I

Material

Program Planning & Reporting
Industrial Relations

Material Subtotal
Material & Administrative Burden

Total Materaal

TOTAL COST - PART I

-TT

Manhours ﬂgnhoqrs

(In Thousands)
Dollar:

111

280

50

608

L22
28
1
31
1
791

9

2l

5

38

. bbd

131

42



CET

TABLE 3.1.2.3-IIT INSTRUMENTATION - SINGLE STAGE

MLLV PART II COST SUMMARY i@ =0:{Q (IN THOUSANDS)
BT T ErTel
BLEMENT OF COST | ENGINRERING PRODUCTION | DESFEH £ FAB. | MANCECTTRING TOTAL
M/H $ M/H $ © M/H $ M/H 3 M/H $

ENGINEERING 600 7,086 8 89 608 7,175
LAB TECHNICIANS 120 1,166 2 15 122 1,181
TCOLING 28 271 28 271
PRODUCTI ON

MANUFACTURING TEST . 1 13 1 13
MANUFACTURTNG TECH. 1 8 1 8
Q&RA o 233 7 68 b 31 305
|DIRECT DIST i 68 1 b 8 72
TRATINING I B
TOTAL DIRECT LABOR | 744  |8,485 52 523 2 21 798 9,029
MATERIAL

LAB. TECHNICIANS 252 3 255
TOOLING 35 35
PRODUCTION '

MFG. TECHNICIANS 1 : 1
Q&RA v 2 9
SUBTOTAL _ 259 ‘ bl 300
MAT. & ADM. BURDEN 88 14 102
TOTAL MATERIAL 307 55 4 402
TOTAL PART II COST 8,832 578 2L 9,431




MLLV
NON-RECURRING COSTS

PART IT INSTRUMENTATION SYSTEM - S/S

ASSEMBLY OR SYSTEM
DESIGN ENGINEERING

ELEMENT OF cost  TAPRE 3.1.2.3-1V

BAGIC DESIGN
1. Laboralory Technicians
LHubtotal
D WERA
TOTAL ENGINEERING LABOR
MATERIAL
3. Laboratory Technicians
h, Q&RA
Subtotal

5. Malerial and Adm. Burden

TOTAL MATERTAL

TOTAL ENGINEERING COST
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MANHOURS

£00
12
720

2k

fi I

(IN THOUSANDS)
DOLLARS

7,086
1,166
8,252

233

8,485

252

259
88

T

8,832



MLLV

NON-RECURRING COSTS
INSTRUMENTATION SYSTEM -"S/S

PART IIB ASSEMBLY OR SYSTEM

TOOLING
TABLE 3.1.2.3-V

ELEMENT OF COST
Y

TOCL DESIGN
1. 1ab. Tech.
TOTAL ENGR.

Fabrication and Erection

Fab. & Assembly
"Misc. Charges
Maintain & Add

In Scope Changes

SUBTOTAL (A)

2. Tool and Production Planning 6,098

SUBTOTAL (B)

3. Direct Distributable
SUBTOTAL (C)

4. Training
SUBTOTAL (D)

5. O&BRA

6. Manufacturing Tech.
TOTAL PRODUCTION LABOR

MATERTAL
7. Tooling
8. Lab. Tech.
9. 0O&RA

10. Manufacturing Tech,
MATERIAL SUBTOTAL (E)

11. Material & Adm, Burden
TOTAL. MATERIAL

TOTAL. TOOLING COST

COLUMN IX

COLUMN I COLUMN III
MANHOURS MANHOURS DOLLARS
7s552 89,189
1,510 14,681
9,062 103,870
20,000 194,400
1,560 15,163
— 220 . _ 2,138
21,780 211,701
59,276
27,878 270,977
6,970 67,745
34,848 336,722
383 _ 3,726
35,231 342,448
7,046 68,489
669 7,904
42,946 418,841
35,000
3,171
2,113
1,171
b1 ,455
14,095
55,550
578,261
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MLLV

PART IIB
MANUFACTURING
MANUFACTURING TEST

INSTRUMENTATTON SYSTEM - TOOLING - S/S

ASSEMBLY OR SYSTEM
15T UNIT COST

TABLE 3.1.2,3-VI

Llement of Cost Manhours Doitars
Component Test 1,000 ' 9,720
Component Test Planning 220 3}110

(1) Subtotal (4) 1,320 ‘ 12,830
(2) Direcl Distributable h22 1,106
Subtotal (B) 1,742 16,936
(3 Training 19 186
Subilotal (C) ' 1,761 17,122
(4#) Mfg. Tech. 33 . 394
Subtotal (D) 1,794 17,516
(5) Q&RA 352 3,424
Total Mfg. Test Labor 2,146 20,940

Material
(6) Q&RA : 106
(7) Mfg. Tech. 58
Subtotal (E) 164
(8) Matcrial & Adm. Burden 56
Total Material 220
Total MFfg. Test Cost 21,160
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3.1.2,4 Flight Control System
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FLIGHT CONTROL -~ SINGLE STAGE
TABLE 3,1.2.4-1

LET

MLLV COST SUMMARY Afgds]cO (I1 THOUSA DS)
PROGRAM MGMT. | CONT. END ITEM |FACILITIEY LOGISTICS TOTAL
ELEMENT OF COST PART 1 PART 11 ST L PART IV ) orumn
M/H $ M/H $ I 8 g s M/H 3
PROGRAM EXECUTIVE 3 40 3 40
PROGRAM PLAN. & REPT. 9 100 9 100
INDUSTRIAL RELATIONZ 2 18 2 18
ENGINEERING 1h2 1,681 142 1,681
LAB TECHNICIANS 28 276 28 276
TOOLING 82 801 82 801
PRODUCTION .
MANUFACTURING TEST T 38 n 38
MANUFACTURING TECH. 2 25 2 25
Q& RA 27 261 27 261
FACILITIES _ _
DIRECT DIST 22 212 22 212
TRAINING 1 12 1 12
TOTAL DIRECT LABSR| 1y 158 308 [3,306 ‘ | 322 3, 460
MATERIAL 176 : 176
LOGISTIC HARDWARE
BURDEN 60 60
TOTAL MATERILL 236 236
TGTAL OTHER
(“(“H
TOTAL COST 158 3. 542 3,700




MLLV

PART T

FLIGHT GONTROL - S/S°
ASSEMBLY OR SYSTEM

TABLE 3.1.2.4-11 ' (In Thousands)
Element of Cost Manhours Manhours Dollars
Dipeect Labor
Engineering 142
Logistics
Laboratory Technician - 28
Production ‘
Tooling 82
Manufacturing Test b
Q&RA : 27
Facilitkies
Manufacturing Technician 2
Total Direct Labor - 285
Program Executive 3 Lo
Program Plaming & Reporting 9 }00
Industrial Relations . 2 . 18
Total Labor - Part I 14 - 158

Material

Program Planning & Reporting
Industrizl Relations

Material Subtotal
Material & Administrative Burden

Total Material

TOTAL COST - PART T 158
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TABLE 3.1.2.4-III FLIGHT CONTROL - SINGLE STAGE

MLLV PART IT COST SUMMARY _ 2@ =0 (Iv THOUSANDS)
FLEVENT OF COST ENGINBERTNG propuction | DESTCN & FAB. | HARALILGNG (TOTAL
M/H $ ME | | $ M/H $ ¥/H 3 ¥/H
ENGINEERING 120 | 1,417 | 22 2604 142 1,581
LAB TECHNICIANS 2L 233 n 43 28 276
TOOLING 82 801 82 801
PRODUCTI ON
MANUFACTURING TEST : L 38 4 38
MANUFACTURING TECH. > ol 1 2 25
Q&ERA 5 49 21 202 1 10 27 261
{DIRECT DIST 21 200 1 12 22 212
TRAINING 1 11 1 1 12
TOTAL DIRECT LABOR 149 1,699 154 1,545 6 62 309 3,306
MATERTAL ]
LAB. TECHNICIANS 50 9 59
TOCLING . 105 105
PRODUCTI ON '
MFG. TECHNICIANS 3 3
Q&RA 2 6 1 9
SUBTOTAL, 52 123 1 176
MAT. & ADM, BURDEN 18 42 60
TOTAL MATERIAL 70 165 1 236
TOTAL PART II COST 1,769 1,710 63 3,542




‘MLLV
NON~-RECURRING COSTS

PART II °© FLIGHT CONTROL SYSTEM - S/S

ASSEMBLY OR SYSTEM
DESIGN ENGINEERING

BLIMENT OF COST TABLE 3.1.2.4-1IV MANHOURS DOLLARS
BASIC DESIGN 120 1,417
t. Laboralory Technicians 24 1233
Subtotal 1hh 1,650 .
D, QNRA : 5 59
TOTAL ENGINEERING LABOR 149 1,699
MATERTAL
3. Laboratory Technicians : . . 50
. Q&RA —_— . 2
Subtotal . 52
5. Material and-Adm. Burden 18
TOTAL MATERTAL 70
TOTAL ENGINEERING COST 1,769
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MLLV
NON-RECURRING COSTS

FLIGHT CONTROL SYSTEM - S/S
PART IIB ASSEMBLY OR SYSTEM

TOOLING
TABLE 3.1.2.4-V
CULUMN T COLUMN IT COLUMN IIX
ELEMENT OF COST MANHOURS MANHOURS DOLLARS
TOOI, DESIGN 22,316 263,552
1. Lab. Tech. b,h63 43,382
TOTAL ENGR. 26,779 306,934

Fabrication and Erection

Fab. & Assembly 59,099 578 M2
Misc. Charges L4,610 Ll , 806
Maintain & Add

In Scope Changes 650 6,318
SUBTOTAL (4) 64,359 625,566
2. Tool and Production Planning 18,020 175,158
SUBTOTAL (B) 82,379 800,724

3. Direct Distributable - 20,595 _ 200,180
SUBTOTAL (C) 102,974 1.,000,904

L. Training L1 _ 11,010
SUBTOTAL (D) 104,107 1,011,914
5. G&RA 20,821 202,383
6. Mamfacturing Tech. 1,978 23,360
TOTAL PRODUCTION LABOR 126,906 1,237,657

MATERIAL

7. Tooling 104,423
8. Lab. Tech. 993?’2
9. (RRA 6,246
10. Manufacturing Tech. 3,462
MATERIAL SUBTOTAL (E)} 123,503
11. Material & Adm. Burden bl1,991
TOTAL MATERTAL 165,49k
TOTAL TOOLING COST 1,710,085
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MLLV

PART ITB
MANUFACTURING
MANUFACTURING TEST

FLIGHT CONTROL SYSTEM - TOOLING -~ S/S

ASSEMBLY OR SYSTEM
18T UNIT COST

TABLE 3.1.2.4-VI

Element of Cost Manhours Dollars
Component Test 2,955 28,723
Component Test Planning __9h6 2,101

(1) Subtotal (4) 3,901 37,914
(2) Direct Distributable 1,248 - 12,132
Subtotal (B) 5,149 50,046
(3) Training ___57. ___550
Subtotal (C) 5,206 50,596
(4) Mfg. Tech. 99 _1,168
Subtotal (D) 5,305 51,764
(5) Q&RA 1,04 10,119
Total Mfg. Test Labor g&%ﬁé 61,883

Material
(6) Q&RA 3l2
(7) Mfg. Tech. __:EZE
Subtotal (E) 485
(8) Material & Adm. Burden 165
Total Material 650
Total Mfg. Test Cost ; 62,533
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3.1.2.5 System Assembly
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TABLE 3.1.2.5-I SYSTEMS ASSEMBLY -~ SINGLE STAGE

MLLV COST SUMMARY A s]c (I¥ THOUSANDS)
PROGRAM MGMT. [CONT. END ITEM JFACILLITLIES LOGLSTICS TOTAL
ELEMENT OF COST PART T PART II PART ITI | PART IV | oo
M/H ol we | s B s 5 s M/H $

PROGRAM EXECUTIVE 9 105 9 105

PROGRAM PLAN. & REPT. 22 263 22 263

INDUSTRIAL RELATIONS 5 % _ 5 Ly

ENGINEERING 600 {7,086 600 7,086

LAB TECHNICIANS 120 1,166 120 1,166

TOOLING

PRODUCTION

MANUFACTURING TEST

MANUFACTURING TECH.

Q& RA 24 233 24 233

FACILITIES )

DIRECT DIST

TRAINING ,

TOTAL DIRECT LIECR| a4 b1s 7ul | 8,485 780 8,900
MATERIAL 1 259 260
LOGISTIC HARDWARE ,

BURDEN 88 88
TOTAL MATERIAL 1 347 343
TOTAL OTHER ‘

POTAL COST u16 8,832 9,248




MLLV

PART I

Systems Assembly - S/S
ASSEMBLY OR SYSTEM

TABLE 3.1.2,5-1T

(In Thousands}
Element of Cost Manhours Manhours Dollars

Direct Labor

Engineering 600
Logistiics

Laboratory Technician 120
Production

Tooling

Manufacturing Test

Q&RA _ 24
Facilities

Manufacturing Technician

Total Direct Labor 7hl
Program Executive 9 105
Program Planning & Reporting 22 263
Industrial Relations 5 Ly
Total Labor - Part T 36 W15

Material

Program Planning & Reporting
Industrial Relations 1

Material Subtotal
Material & Administrative Burden

Total Material 1

TOTAL COST - PART I b6
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SYSTEMS ASSEMBLY -~ SINGLE STAGE

MLLV PART II COST SUMMARY tF] z[Jc[] (1IN THOUSANDS)
Ty
M/H $ M/H $ M/H $ M/H 3 ¥/H $
ENGINEERING 600 | 7,086 600 © 17,086
LAB TECHNICIANS 120 {1,166 120 1,166
TOOLING
PRODUCTI ON
MANUFACTURING TEST
MANUFACTURING TECH.
Q&RA 24 233 2k 233
|DIRECT DIST
TRATNING
TOTAL DIRECT LABOR | w7u4 | 8,485 Ll 8,485
kel
MATERTIAL
LAB. TECHNICIANS 252 252
TOOLING
PRODUCTION
MFG. TECHNICIANS
Q&RA Vi 7
SUBTOTAL 259 259
MAT. & ADM. BURDEN 88 88
TOTAL MATERIAL 347 347
TOTAL PART II COST 8,832 8,832




MLLV
NON-RECURRING COSTS

PART IT _ SYSTEMS ASSEMBLY - S/S

ASSEMBLY OR SYSTEM
DESIGN ENGINEERING

BLEMAIT OF CosT  TABLE 3.1.2.5-IV

BALIC DES TGN
1. Laboratory Technicians
Hubtotal

2. WQ&RA
TOTAL ENGINEERING LABOR

MATERIAL
2 Labafatory Tecpnicians
h,  Q&RA
Subtotal

4. Material and Adm. Burden

TOTAL MATERIAL

TOTAL ENGINEERING COST
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MANHOURS

600

120

720

P

DOLLARS

7,086
1,166
8,252

233

8,435

252

259
38

37

8,832
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PRECEDING PAGE BLAN

3.1.3

K NOT FILMED.

Liquid Engine Costs

This section shows the Get Ready Costs for the following types of propulsion

systems:

3.1.3.1

3.1.3.2

3.1.3.3

3.1.3.4

Multichamber/Plug (with 24 modules having fixed nozzles and a
vacuum thrust per module of 388,000 pounds)

Toroidal/Aerospike (1200 psia with 28 modules, each producing
286,000 pound thrust)

Toroidal /Aerospike (1200 psia with 8 modules, each producing
one million pound thrust)

Toroidal /Aerospike (2000 psia with 8 modules, each producing
one million pound thrust/module)

Figure 3.1.3.0-1 shows the MLLV get ready, “A! costs for the multichamber/plug
engine system. Alternative toroidal/aerospike engine systems costs are also

shown,
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ENGINES MULTICHAMBER
$118, 395

3.1.3.1

TOROIDAL
286K - 1200 PSI

$57‘ 995

3.1.3.0

r
;
]

-I

r
1
i TOROIDAL
 1M# - 1200 PSI §
-1
I EL S LY
TOROIDAL | |
1M# - 2000 PST |
$65,105 -
L34

——————]

-

———

NOTES: = == = == ALTERNATE SYSTEMS,
DOLLARS ARE IN THOUSANDS,
NUMBERS IN LOWER RIGHT CORNER

DESIGNATE APPLICABLE SECTION
NUMBER FOR COST DETAILS. ’

FIGURE 8.1.3,0-1 AMLLV MAIN STAGE ENGINE OPTIONS COSTS GI'I" READY, “"A" COsTS
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3.1.3.1 Multichamber/Plug Engine

Parametric cost data was received from Pratt and Whitney for the multichamber/
plug propulsion system. This data covered a range of propulsion system sizesy
i.e., from above the requirements for a full size AMLLYV engine to below that of
a half size (MLLV) engine (Figure 3.1.3.1-1). The data received included the
total cost for engine development, PFRT and Qualifications Testing as a function
of Module Vacuum Thrust.

As stated in Section 1.0, of this book, the program development costs (for the
purpose of this study) were sub-divided intotwo categories: (1) Get Ready or
MAM costs, and (2) Development Testing or "B' costs. Since the parametric

date (Figure 3.1.3.1-1) included costs associated with both categories, it was
necessary to establish the appropriate costs associated for each of the categories.
. The allocating pertaining to Get Ready costs will be discussed herein (The
Development Test costs will be discussed in Book B)."

The only cost data received, that reflected program costs for engine development
(by "A™ and "B" cost categories), was that submitted by Rocketdyne on the 1200
psia toroidal/aerospike engine system, Figure 3.1.3.1-2 displays, in terms of
percentages, the elements of cost developed from this data.

The percenmgés developed were then applied to the multichamber/plug propulsion
system total development costs to divide it into get ready and development test
costs. The example below illustrates how these costs were divided.

Example: Pratt and Whitney total cost $345 million X 22, 7% (from Figure
3.1.3.1-2) = $78,300 M Get Ready Cost (the remainder being used in the
Development Test or "B costs).

Table 3. 1.3, 1-I displays the results of this exercise. - These costs were also
supplemented by other costs for facilities and capital equipment.

151



[A=N N

MODULE DEVELOPMENT COST - MILLIONS OF DOLLARS

500 ' /P
/
/ﬁ)ﬁ
345""'-_—--———-‘-——- o //‘
~~ ——
" // //ﬁ%(
e //

COST OF FACILITIES AND
PROPELLANTS NOT INCLUDED

ESTIMATED XLR129-P-1 DEVELOPMENT COST

TO PFRT AFTER DEMONSTRATOR ENGINE PROGRAM
| .
l- -

‘0

' 4 -
100 200 300 388490 500 600 700 800

MODULE VACUUM THRUST - THOUSANDS OF POUNDS

FIGURE 3.1.8.1-1 MLLV MAIN STAGE PROPULSION SYSTEM - ESTIMATED MODULE
DEVELOPMENT COSTS.OXYGEN/HYDROGEN MULTICHAMBER/
PLUG PROPULSION SYSTEM (PRATT & WHITNEY DATA)
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) LIQUID ENGINES - SINGLE STAGE
TABLE 3.1.3.1-% (MULTI-CHAMBER)

MLLV COST SUMMARY . AR c (IN THOUSANDS)

PROGRAM MGWT. |CONT. END ITEM FACILITIEY LOGLSTICS
ELEMENT OF COST PART T PART II PART III{ PART IV

TOTAL
= OTHER

M/H $ M/H s B s -g $ M/ $

PROGRAM EXECUTIVE

PROGRAM PLAN. & REPT.

INDUSTRIAL RELATIONS

ENGINEERING 26,400 26,400

LAB TECHNICIANS

TOOLING : .1 32,300 32,300

PRODUCTION 8,000 8,000

MANUFACTURING TEST

MANUFACTURING TECH.

Q& RA

FACILITIES

DIRECT DIST

TRATNING

TOTAL DIRECT LABOR 66,700 66,700

MATERIAL

LOGISTIC HARDWARE

BURDEN

TOTAL MATERIAL

TOTAL OTHER 40,095 ©|*11,600 51,695

TOTAL COST 66,700 40,095 11,600 - 118,395

* GSE



MLLV
SINGLE STAGE ENGINE
MULTI-CHAMBER
PLUG ENGINE

TABLE 3.1-3.1-11

"AN_ COSTS
Engineering $26.0M
Test
Equipment 1.0M
Tooling (Basic) 9.72M
Fabrication
Subtotal ‘ $36.6M
Production
Tooling (Basic) $23.1M
Equipment 7.0M
GSE 11.6M
Subtotal $41.7M

&
~3
®
=

ll

AN 4 URH = $345.0M
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MLLV
IIQUID ENGINE FACILITIES AND EQUIPMENT

TARLE 3.1.3.1-IT1

Fdeilities Equipment,
Non-Recurring
Single Stage $20,888,000 $19,207,000
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3.1.3.2 Toroidal/Aerospike Engine Cost (286,000 Pound Thrust - 1200 psia)

This paragraph presents the Get Ready cost for-a toroidal/aerospike engine
system consisting of twenty-eight 1200 psia modules, each of which will produce
286, 000 pounds of sea level thrust. Costs for this alternative engine system were
supplied by Rocketdyne.

Figure 3.1.3.1-2 displays, in terms of percentages, a breakdown of the A and B
categortes.

NOTE: The costs for this engine configuration are not added in the cost summary
for the single stage vehicle shown in Table 3.1.3. 1-I above. The
toroidal /aerospike engine costs must be substituted in lieu of those
for the multichamber/plug engine to define the cost of the single stage
vehicle with the toroidal/aerospike engine systeim.
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GET READY OR “ DEVELOPMENT TEST OR "B" PERCENTAGES
"A" PERCENTAGES u: COMPONENT ENGINE PFRT QUAL.
Design and Development
Engineering - 72.2% i 46.8% 34.7% 35.1% 35.1%
Test -0~ 22.6 12,7 8.8 8.8
Equipment 2.5 4.0 5.8 -0- -0=-
Tooling (Basic) 25.3 4,0 3.9 R ~0-
Fabrication -0~ 22,6 42.9 56.1 56.1
100% ; 100% 100% 1003 100%
Subtotal 46,8% 24.9% 52.1% 11.5% 11.5%
Production {Non-
Recurring)
Tooling {(Basic) 55.5%
Equipment H 16.7%
GSE 27.8%
100%
Subtotal 53.2%
22.7% i 77.3%
Total d 100%

NOTE: Percentages based on 1200 psia 286K pound thrust module, as submitted by
Rocketdyne in memo No. 68RC-16347 dated 20 December 1968.

These percentages were:

(1) Used as is for the 1200 psia, 287K pounds thrust engine
(2) Used to allocate the.amounts applicable to "A" and "B"
cost categories on the Multichamber/Plug engine.

FIGURE 3.1.3.1-2 DEVELOPMENT COST FOR 1200 PSIA TORCIDAL/AEROSPIKE PROPULSION SYSTEM
DIVIDED INTO PERCENTAGES OF GET READY AND DEVELOPMENT TEST COST -
BASED ON 1200 PSIA - 286,000 POUND THRUST MODULE
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TABLE 3.l.3.2-1

MLLV COST SUMMARY SINGLE STAGE ENGINES (TORIDAL)

AE s c

(IN THOUSANDS)

ELEMENT OF COST

PROGRAM MGMT.

PART I

CONT. END ITEM [FACILITIES

PART II

PART II1

LOGI3STICS
PART IV

M/H

$

M/H

$

S

==
=

CTHER

TOTAL

M/H

PROGRAM EXECUTIVE
PROGRAM PLAN. & REPT.
INDUSTRIAL RELATIONS
ENGINEERING

LAB TECHNICIANS

5,700

5,700

TOOLING

PRODUCTION
MANUFACTURING TEST
MANUFACTURING TECH.

7,000

7,000

1,700

1,700

Q& RA

FACILITIES

DIRECT DIST
TRAINING

TOTAL DIRECT LAEOR

14,400

AL, 400

MATERIAL

LOGISTIC HARDWARE

BURDEN

TOTAL MATERT AL

TOTAL OTHER

40,091

%3 ,500

43,595 ;4

TOTAL COST

14,400

40,0097

3,500

573995

* GSE, Feey,Facilities



MLLV
TORIDAL ENGINE PROGRAM
286 K THRUST PER MODULE
1200 PST

" TABLE 3.1.3.2-1I

(In Millions)
A, Development Prime

Design
Engineering $ 5.7
Test . .
Equipment 2
Tooling (Baesic) 2.0
Fabrication

Subtotal (Inc, Fee) $ 7.9

#0ther Non-Recurring

Tooling (Basic) $ 5.0

Equipment 1,5

GSE 2.5

Fee 1,0

Subtotal $10.0
TOTAL $17.9

#NOTE: Input from Rocketdyne Indicated this Cost as Production, Non-
Recurring,

Faciiities - see Multichamber
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3.1.3.3 Toroidal/Aerospike Engine Cost (One Million Pound Thrust -
1200 psia)

This paragraph presents the Get Ready Cost for a toroidal/aerospike engine
system consisting of eight 1200 psia modules, each of which will produce one
million pounds of sea level thrust, Costs for this alternative engine system
were supplied by Rocketdyne. However, the costs for the "A' and "B"
categories were combined,

Figure 3.1.3.3-1displays in terms of percentage, the breakdown of "A" and
"B'" costs. These percentages and the results are displayed in Table 3.1.3,3-].

NOTE: The costs for this engine configuration are not added in the cost
summary for the single stage vehicle as shown in Table 3.1.3.1-1
above. The toroidal/aerospike cost mist be substituted in lieu
the multichamber /plug engine to define the cost of the single stage
vehicle with the toroidal/aerospike engine system
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GET READY OR ' DEVELOPMENT TEST OR "B" PERCENTAGES

"A" PERCENTAGES COMPONENT ENGINE PFRT QUATL.
Design and Development
Engineering 68.2% 28.8% 26.7% 25.5% 25.5%
Test -0~ 13.9 6.7 6.4 6.4
Egquipment 4.5 12.6 20.3 -0- -0~
Tooling (Basic) 27.3 5.2 1.8 l  =0- -0-
Fabrication -0~ . 39.5 44.5 68.1 68.1
100% - 100% 100% 100% 100%
Subtotal 51.1% 34.5% 48.5% 8.5% 8.5%
Production (Non-Recurring}|
Tooling (Basic) | 38.1%
Equipment 23.8
GSE 38.1
100%
Subtotal 48.9%
. 16.3% 83.7%
Total u 100%

Percentages based on 1200 psia one million pound thrust module, as submitted by -
Rocketdyne, in memo No. 68RC-16347 dated 20 December 1568.

This percentage was:

(1) Used as is for the 1200 psia, one million pound module and for the 2000 psia,
one million pound module,

TABLE 3.1.3.3-1 . DEVELOPMENT COSTS FOR THE 1200 AND 2000 PSIA TOROIDAL/AEROSPIKE PRO-
PULSION SYSTEM DIVIDED INTO PERCENTAGES OF GET READY AND DEVELOPMENT
TEST COSTS - BASED ON 1200 PSTA - 1 MILLTON POUND THRUST MODULE
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TABLE 3.1.3.3<1

MLLV .COST SUMMARY SINGLE STAGE ENGINES ABecd (IN THOUSANDS)
PRCGRAM MGMT. |CONT. END ITEM [FACILITIES LOGISTICS TOTAL
ELEMENT OF COST PART T PART 1T PART ITIT | PART IV OTHER
M/H s | wa} s 5 8 5 3 M/H $

PROGRAM EXECUTIVE

PROGRAM PLAN. & REPT.

INDUSTRIAL RELATTIONS

ENGINEERING 7,500 75500
TAB TECHNICIANS

TOOLING ) 7. 000 7,000
PRODUCTION - ~ 3, 000 3,000

MANUFACTURING TEST

MANUFACTURING TECH.

Q& RA

FACILITIES

DIRECT DIST

TRAINING

TOTAL DIRECT LABOR 17,500 17,500

MATERTAL

LOGISTLIC HARDWARE

BURDEN

TOTAL MATERTAL

TOTAL OTHER 40,095 - 5,100 45,195

TOTAL COST ,
17,3500 40,095 5,100 62,695

% GSE, Fee, Facilities



A,

MLLV

TOROTDAL, ENGINE PROGRAM
T; THRUST PER MODULE

1200 PST

TABLE 3.1,3.3-II

Development Prime
Desdgn
Bngineering
Test
Equipment
Tooling (Basic)
Fabrication
subtotal (Inc. Fee)
Production
Tooling (Basic)
Bquipment
GSE
Fee
Subtotal

TOTAL

Tacilities - See Multichamber
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(In Millions)

$ 7.5

3.0

$22.6



3.1.3.4 Toroidal/Aerospike Engine Cost (One Million Pound Thrust -
2000 psia)

This paragraph presents the Get Ready Cost for a toroidal /aerospike engine
system consisting of eight 2000 psia modules, each of which will produce one
million pounds of sea level thrust. Costs for this alternative engine system
were supplied by Rocketdyne. However, the costs for the "A" and "B"
categories were combined. = =

In order to determine that amount which applied to "A" costs only, the same
percentage apportionment between "A" and '"B" costs used for the 1200 psia

one million modules was applied to the 2000 psia one million propulsion system.
Figure 3.1.3.3-1displays, in terms of percentage, this breakdown of the
categories. These percentages were then applied to the 2000 psia one

million module data and the results are displayed in Table 3,1.3.4-1.

NOTE: The costs for this engine configuration are not added in the cost
summary for the single stage vehicle as shown in Table 3.1.3.1-1T
above. The toroidal/aerospike cost must be substituted in lieu
of those for the multichamber/plug engine to define the cost of
the single stage vehicle with the torcidal/aerospike engine
system.
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TABLE 3.1.3.4-T

MLLV .COST SUMMARY SINGLE® STAGE ENGINES (TOROIDAL) AR sOc (IN THOUSANDS)
PROGRAM MGMT. [CONT. END ITEM [FACILITIES I,OGISTICS FOTAL

FLEMENT OF COST PART I PART IT PART IIT { PART IV OTHER
M/H $ M/H $ 5 8 5 s M/H 3

PROGRAM EXECUTIVE

PROGRAM PLAN. & REPT.

INDUSTRTAL, RELATIONS

ENGINEERING ‘ 9,200 9, 200
LAB TECHNICIANS

TOOLING 7,700 75700
PRODUCTION 3,100 . 3,100

MANUFACTURING TEST

MANUFACTURING TECH.

Q& R A

FACILITIES

DIRECT DIST

TRAINING

20,000

TOTAL DIRECT LABOR 20, 000

MATERTAL

LOGISTIC HARDWARE

BURDEN

TOTAL MATERTAL

TOTAL OTHER . 40,095 ) 5,100 45,195

TOTAL COST

20,000 40,095 5,100 "65,195

* GSE, Fee, Facilities



MLLV
TOROIDAL ENGINE PROGRAM
1w THRUST PER MODULE

2000 PST
TABLE 3.1.3.4-IT
wa® GET READY
(Dollars In Millions)

Engineering a.2
Test )
Equipment .6
Tooling (Basic) 37
Fabrication I

Subtotal 13.5

(Incl. Fee)
Broduction
Tooling (Basic) g'g
Equipment e
GSE &0

10.5

(Tncl. Fee) 11.6

Total 29,1

(488 = $161.6W)

Facilitiés - See Multichamber
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3.1.4 Ground Support Equipment (GSE)

The Get Ready Costs of the Ground Support Equipment (GSE) required for the
single stage vehicle include such items as:

Test and Checkout Equipment:

Electrical test station

Mechanical test sfation

Data system test station

Interconnection equipment

Checkaut auxiliary equipment

Test, checkout, calibration and maintenance equipment
Sub-gystems test equipment

Sub~-assemblies and parts test

Data processing station

Handling and Transportation Equipment:
General equipment
Stage handling equipment
Component handling equipment

Stage transportation equipment

The Get Ready Costs associated with this equipment is displayed in Table
3.1.4.0-1.
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TABLE 3.1.4.0-I ° GSE - SINGLE STAGE

MLLV COST SUMMARY : A sOc (I¥ THOUSAXDS)
PROGRAM MGMT. |CONT. END ITEM JFACILITIES| LOGISTICS TOTAL
ELEMENT OF COST PART I PART II PART IIT | PART IV | ~orer
M/H RN SN M/H 3

PROGRAM EXBCUTIVE L6 540 , ué 540
PROGRAM PLAN. & REPTJ  71), {1,351 . 114 1,351
INDUSTRIAL RELATIONS| 25 240 25 240
ENGINEERING '
LAB TECHNICIANS . A
TOOLING . 2,850 {27,700 2,850 27,700
PRODUCTION
MANUFACTURING TEST 135 | 1,312 135 1,312
MANUFACTURING TECH. val 848 71 848
Q& RA S| 758 | 7,358 758 7,358
FACILITIES
DIRECT DIST 755 7,34k 755 7,344
TRAINING 41 400 : 41 100
__ TOTAL DIRECT LABCR| 185 {2,131 |[4,610 {44,962 k4,795 47,093
MATERIAL L 8,550 8,554
LOGISTIC HARDWARE
BURDEN 2 2,907 2,909

TOTAL, MATERT AL 6 11,457 11,463

TOTAL OTHER

TOTAL COST 2,137 56,419 58,556




MLLV

PART I

GSE - 8/8
ASSEMBLY OR SYSTEM

Element of Cost Maphours Manhours
Diprect Labor
Engineering
Logistics

Labcratory Technician

Production
Tooling 2,850
Manufacturing Test 135
Q&RA 758
Facilities
Manufacturing Technician 71
Total Direct Labor 3,8}4
p————— 14
Program Executive 46
Program Planning & Reporting 114
Industrial Relations 25
Total Labor - Part I 185
Material

Program Planning & Reporting
Industrial Relations

Material Subtotal
Material & Administrative Burden

Total Material

TOTAL COST -~ PART 1

171

(In Thousands)
Dollars

540

1,351
240

2,131

R AN A

Do

2,137
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TABLE 3.1.4.0-III GSE - /8

MLLV PART II COST SUMMARY ‘ A 5[] ¢[] (IN THOUSANDS)
ENGINEERING PRODUCTION TOCLING TEST TOTAL
ELEMENT OF COST
M/H 3 M/H $ M/H 3 M/H $ M/H $
ENGINEERING
LAB TECHNICIANS
TOOLING 2,850 27,700 2,850 27,700
PRODUCTION )
MANUFACTURING TEST - 135 | 1,312 135 1,312
MANUFACTURING TECH. . 68 808 3 40 71 8u8
Q& R A - 721 | 7,001 37 357 758 7,358
DIRECT DIST . 712 16,925 | 43 420 755 7,345
TRAINING 39 381 2 19 L1 400
TOTAL DIRECT LA=GR 4,390 |42,815 | 220 | 2,147 4,610 L ,962
MATERTAL
LAB. TECHNICIANS
TOOLING ' 8,362 : 8,362
PRODUCTION
MFG. TECHNICIANS ' 120 6 126
Q& R A ' 51 11 62
SUBTOTAL 8,533 17 8,550
MAT. & ADM, BURDE _ 2,901 6 2,907
TOTAL MATERIAL R 11,430 23 11,457
TOTAL PART 1T 2733 51,249 2,170 56,119




MLLV
NON-RECURRING COSTS

GSE - S/S
PART ITR ASSEMBLY OR SYSTEM
TOOLING
TABLE 3.1.4.0-IV (IN THOUSANDS)
wLMN I COLUMN IT COLUMN III
ELIMENT OF COST MANHOURS  MANHOURS DOLLARS

TOOL DESIGN
1, Lab. Tech. . _
TOTAL ENGR.

Fabrication and Erection

Fab. & Assembly 2,044,425 - 19,872
Misc., Charges 159,465 1,550
Maintain & Add ]
In Scope Changes 22,489 218
SUBTOTAL (4) 2,226,379 21,640
2. Tool amd Production Planning 623,386 6,060
SUBTOTAL {B) 2,849,765 27,700
3. Direct Distributable 712,41 6,925
SUBTOTAL (C) 3,562,206 34,625
4. Training __ 39,184 38
SUBTOTAL (D) 3,601,390 35,006
5. O&%RA 720,278 7,001
6. Manufacturing Tech. 68,426 808
TOTAL PRODUCTION LABOR 4,390,004 42,815
MATERIAL
7. Tooling 8,362
8. ZLab. Tech.
9. Q&RA 51
10. Manufacturing Tech. 120
MATERIAL SUBTOTAL (E) 8,533
11. Material & Adm. Burden 2,901
TOTAL MATERIAL 11,430
TOTAL TOOLING COST 54,249

*  Included in Fabrication and Assembly
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MLLV
PART ITB

MANUFACTURING
MANUFACTURING TEST

GSE - S/S

ASSEMBLY OR SYSTEM
15T UNIT COST

TABLE 3.1.4.0-V

Element of Cost

Component Test
Component Test Planning
(1) Subtotal (4)
(2) Direcl Distributable
Subtotal (B)
(3) Training
Subtotal (C)
(4) Mfg. Tech.
~ Subtotal (D)
(5) Q&RA
Total Mfg. Test Labor
Material
(6) Q&RA
(7) Mfg. Tech.
Subtotal (E)
(8) Malerial & Adm. Burden
Total Malerial

Total Mfg. Test Cost

174

Manhours

102,221
32,711

134,932

43,178

178,110
1,95
180,069
k2L
183,490
_36,698

220,188

Dyllars

993,588
517,951
1,311,539
419,690
1,731,229
19,042
1,750,271
50,402
1,790,673
356,705
2,147,378

11,009
5,987
16,996
52770
22,775
2,170,153



MLLV
PART II
NON-RECURRING COST
GSE - S/ -

TABLE 3,.1.4.0-VI
Element of Cost

Test and Checkout Equipment:

General Equipment
Electrical Test Statlon
Mechanical Test Station
Data Systems Test Station
Interconnect Bquipment
C/0 Auxilliary Equipment
Test, C/0, Calibration and
Maintenance Eguipwent
Subsystems Test Bquipment
Subassemblies and Parts Test
Data Processing Station
Engine Test & C/0 Equipment

Handling and Transportation Equipment:
General Equipment
Stage Handling Equipment
Component Handling Equipment

Stage Transportation Equipment
Engine Handling Equipment

Total MGSE

175

Manhours

70,225
2,240
L,663

10,480

72,360

111,650

2,385
360,485
407,065

568
51,805

33,438
788,003
106,433

20,195

2,430

2,084 425

Material

287,220
9,160
19,072
42,863
295,952

. h56,649

9,755
1,474,384
1,664,896

2,323

211,882

136,761
3,222,932

435,311
82,598

9,939

8,361,697
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3.1.5 Manufacturing Facility

The Get Ready Costs include costs for construction of the manufacturing building,
the vertical assembly building, post manufacturing and stage test building, the
office building, and the capital equipment. For a detailed description of the
manufacturing facility refer to the Volume IO of this report.

Transportation costs are also included for such items as the barges (for stage
transportation), the tow vehicle, the land transporter, and the cost for the barge
trip from the manufacturing facility to the launch site.

The total cost of these activities for the Single Stage Vehicle is displayed in
Table 3.1.5.0-1.
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TABLE 3.1.5.0-1
MLLV COST SUMMARY

MANUFACTURING FACILITIES - SINGLE STAGE

Afgsdc

(IN THOUSANDS) "

ELEMENT COF COST

PROGRAM MGMT.

PART I

PART II

CONT. END ITEM

FACILITIES
PART I1I

LOGISTICS
PART IV

M/H

3

M/H

$

o
]
=

m
LA

$

OTHER

A

PROGRAM EXECUTIVE

PROGRAM PLAN.& REPT.

INDUSTRIAL RELATIONS

ENGINEERING

LAB .TECHNICIANS
TOOLING
PRODUCTION
MANUFACTURING TEST

MANUFACTURING TECH.

Q& RA
FACTILITIES

DIRECT DIST
TRAINING

TOTAL DIRECT LABOR

MATERTAL
LOGISTIC HARDWARE
BURDEN

TOTAL MATERTAL

TOTAL OTHER

155,136

155,138

TOTAL COST

155,138

155,138




MLLV

NON-RECURRING COST SUMMARY

- SINGLE STAGE

FACILITIES & TRANSPORTATION
(DOLLARS IN THOUSANDS)

TABLE 3.1.5.0-IF

Blement of Cost

Manufacturing Bldg.
Vertical Assy. Bldg.

Post Mfg. & Stage Test Bldg.

Office

Subtotal

Transportation

Barge
Tow Vehicle
Land Transporter

Subtotal

Totals
Transportation
Equipment

Facilities

MANUFACTURING FACILITIES COST

(IW THOUSANDS)

Facilities Bauipment Transportation
$ 73,875 $40,316
11,550 T 7

3,600 300
13,406 1,553
$102,431 $46,313

$ 4,157

82

2,155

$ 6,394

$ 6,394

46,313

ezt

1 138

179



THIS PAGE INTENTIONALLY LEFT BLANK

180



@‘
PRECEDING PAGE BLANK NOT RILME!

3.1.6 Launch Complex Facility

The Launch Complex Facility for the Single Stage Vehicle consists of land,
buildings, utility systems, machinery, laboratory equipment, electronic
equipment, furniture, office equipment, vehicles and other equipment used in
launching operations. For a further discussion of this facility refer to
Volume ITI of this report.

Launch Facility costs are provided for (1) a new facility, refer to Paragraph
3.1.6.1, and (2) an alternate launch facility, refer to Paragraph 3.1.6.2.
Figure 3.1.6.0-1 shows the cost of a new facility and offers as an alternative
launch facility the use of Launch Complex 39.
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LAUNCH NEW FACILITY
COMPLEX
$481, 547

3.1.6.0 :" 3.1.6.1

{ ALT. PAD 39 i

: $122, 400 '

b 5-1.6.2]

NOTES:= —=— —— ALTERNATE SYSTEMS,

DOLLARS ARFE, IN THOUSANDS.

NUMBERS IN LOWER RIGHT CORNER
DESIGNATE APPLICABLE SECTION
NUMBER FOR COST DETAILS.

FIGURE 3.1,6.0-1 MLLV SINGLE STAGE TO ORBIT VEHICLE LAUNCH COMPLEX
FACILITY GET READY, "A" COSTS
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TABLE 3.1.6.1-I SUMMARY LAUNCH COMPLEX FACILITIES - S/S
MLLV COST SUMMARY - a@edcd (13 THOUSANDS)

PROGRAM MGMT. {CONT. END ITEM fFACILITIES LOGISTICS TOT AL
ELEMENT OF COST PART I PART I1 PART III | PART IV OTHER

M/H $ M/H $ Z $ $ M/H $

M/H

€8T

PROGRAM EXECUTIVE
PROGRAM PLAN.& REPT.
INDUSTRIAL RELATIONS
ENGINEERING

LB TECHNICTANS
TOOLING

PRODUCTION )
MANDFACTURING TEST
MANUFACTURING TECH.
Q& RA

FACILITIES

DIRECT DIST
TRAINING

TOTAL DIRECT LABOR

MATERIAL

LOGISTIC HARDWARE
BURDEN

TOTAL MATERIAL

TOTAL OTHER UBL, 547 481,547 |

TOTAL COST 481,547 481,547




MLLV

LAUNCH COMPLEX FACILITIES
NON-RECURRING
(DOLLARS IN THOUSANDS)

TABLE 3.1.6.1-IT

BRICK AND MORTAR

Site Development Canal, Hyd. Till, etc.

Reinforce Concrete Launch Pad (Flame
Deflect)

Propellant Storage and Transfer and
Disposal Systems

Launch and Test Control Center
0ff-Site Support Complex

Stage Storage Acceptance Test and
Checkout

GROUND SUPPORT EQUIPMENT

1
2.

3.
L,

5,

l.
2-

Gantry Equipment

Service Structure

Umbilical Tower

SRM Aft Support Structure

Core éupport and Hold Down Boom

UIPMENT (GENERAL)

Test
Off Site Support

TOTAL

184

$ 30,000
100,000

83,250
20,000
31,613

1,000

$ 10,000
40,000
10,000

2,500

8,000

125,000

20,184

$265,863

$ 70,500

$145,184

$481,547



3.1.6.2 Launch Complex Facility - Launch Complex 39

The Get Ready Cost for the Single Stage Vehicle from the existing Launch
Complex 39 would require the following new items:

Mobile Launcher
Mohile Service Structure
Firing Room

The Launch Pad, Vertical Assembly Building, and Hydrogen Facility would

require modification only, 'The total cost of this effort is displayed in
Table 3,1.6,2-1.
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TABLE 3.1.6.2-T SUMMARY - LAUNCH COMPLEX FACILITIES PAD 39 - SINGLE STAGE

MLLY COST SUMMARY AR s cT (I THOUSANDS)
PROGRAM MGMT. |CONT. END ITEM |FACILITIEY 1,0GISTICS ——

ELEMENT OF COST "PART I PART II PART III | PART IV OTHER /
M/H $ M/H $ g $ --z._ $ M/H %

98T

PROGRAM EXECUTIVE

PROGRAM PLAN.& REPT.

INDUSTRIAL RELATIONS

ENGINEERING

LAE TECHNICIANS

TOOLING

PRODUCTION

MANUFACTURING TEST

MANUFACTURING TECH.

Q& RA

FACILITIES

DIRECT DIST

TRATNING

TOTAL DIRECT LABOR

MATERIAL *

LOGISTIC HARDWARE

BURDEN

TOTAL MATERIAL

TOTAL OTHER 122,500 122,400

TOTAL COST

122,400 122,400




MLLV
NON-RECURRING

*LAUNCH COMPLEX FACILITIES AND EQUIPMENT
(DOLLARS IN THOUSANDS)

TABLE 3.1.6.2-IT

ITEM DOLLARS
LAUNCH PAD , 1,000
MOBILE LAUNCHER 51,000
MOBILE SERVICE STRUCTURE 17,000
VEHICLE ASSEMBLY BLDG. MOD. 100
FIRING ROOM 52,000
HYDROGEN FACILITY 1,000

TOTAL 122,400

*Required for launching single-stage MLLV from Launch Complex Pad 39.
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3.2 ENGINE MODULE - INJECTION STAGE

The Get Ready Summary Costs for the injection stage - engine module are
displayed in Figure 3.2.0.0-1. Table 3.2.0.0-] displays the total cost for the
injection stage~engine module by Part and by Element of Cost.

These costs include the cost associated with designing the hardware structures,

systems, the liquid engines, the Ground Support Equipment (GSE), the production
facility and the launch complex facility.
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ENGINE MODULE
INJ, STAGE
$197, 740

3.2.0.0

STRUCTURES
$53, 007

3.2.1.0

SYSTEMS
$26, 974

3.2.2.0

FWD. SKT.
$13,6186

3.2.1.1

ENGINES
$54, 865

3.2.3.0

GSE
$7,399 .

LH,; TANK
$13, 396

3.2.1.2

" LOX TANK
$ 6, 544

3.2.1.3

TUNNELS
$1,602
3.2.1.4
THRUST STR.
$16, 828
3.2.1.5
STR.. ASSEMBLY
$931

3.2.1.6]"

3.2.4.0
MFG. FACILITY
$53, 395

3.2.5.0

LAUNCH

COMPLEX FAC,

$21600
3.2.6.0

PROP & MECH,
$ 5,735

9,2.2.1
ELECT,
$3,337
3.2.2:2
INSTRU.
$ 7,467
3.2.2.3
LIGHT CONTROL
$ 3, 500
3.2.2.4
SYS. ASSEMBLY
$ 6,935

3.2,2.5

NOTES:
DOLLARS-ARE IN THOUSANDS.
NUMBERS IN LOWER RIGHT CORNER
DESIGNATE APPLICABLE SECTION
NUMBER FOR COST DETAILS.,

FIGURE 3.2.0.0-1 MLLV INJECTION STAGE ENGINE MODULE GET READY, "A' COSTS
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161

TABLE 3.2,0.0-I

ENGINE MODULE

MLLV COST SUMMARY Adsdc (I¥ THOUSANDS)
PROGRAM MGMT. [CONT. END ITEM [FACILITIES LOGISTICS TOTAL
ELEMENT OF COST PART I PART 1T quRT ITT E:PART v OTHER
M/H $ M/H $ I %8 I ¢ M/H 3
PROGRAM EXECUTIVE 78 926 78 926
PROGRAM PLAN.& REPT. 199 | 2,335 199 2,335
INDUSTRIAL RELATIONS 44 412 44 412
ENGINEERING 2,638 45,167 2,638 45,167
LAB TECHNICIANS 528 5,13 528 5,131
TOOLING 2,518] 41,658 2,518 41,656
PRODUCTION 4,20( 4,200
MANUFACTURING TEST 116] 1,13/ 116 1,134
MANUFACTURING TECH. 65 747 65 747
Q& RA 749] 7,291 749 7,291
FACTLITIES
DIRECT DIST 669 6,477 669 0,477
‘TRAINING 34 357 34 352
TOTAL DIRECT LABOR| 327 13,673 7,317112,15] 7,638 | 115,828
MATERTAL g| - 5,181 5,193
LOGISTIC HARDWARE
BURDEN 1,759 1,759
TOTAL MATERIAL 8 6,941 6,952
TOTAL OTHER 55,495 *[19,465 74,960 |
TOTAL COST 3,681 119,099 {55,495 19,465 197,740

* See Engines
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3.2,1 Structures - Injection Stage - Engine Module

The Get Ready Cost for the structural components of the injection stage - engine
module are displayed in Figure 3.2.1.0-1. The cost details of these structural
components are contained in the appropriate subparagraphs, as indicated.

Table 3.2.1.0-] is a total Get Ready Cost of these structures.

These costs are comprised of basic (or non-recurring) engineering costs required
to produce the basie tooling, fabrication and assembly of tooling, and basic
article design including all engineering such as manufacturing liaison and
coordination required to produce the first article. These costs are non-recurring
in that they are experienced once during the production life of a model,
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STRUCTURES FWD. SKT,

$53, 007 $13, 616
3.2.1.1
LHy TANK
$13, 396
3.2 1.2
LOX TANK
$6, 544
3.2.1.3
TUNNELS
$1,692
3.2.1.4
THRUST STR.
$16, 828
3.2.1.5
STR, ASSEMBLY
$931
3.2.1.6

3.2.1.0

NOTES:
DOLLARS ARE IN THOUSANDS.

NUMBERS IN LOWER RIGHT CORNER
DESIGNATE APPLICABLE SECTION
NUMBER FOR COST DETAILS,

GURE 3.2.1.0-1 lx_E&I:']:‘C‘]]OISN‘I‘JéE CTION STAGE - ENGINE MODULE éTRUCTURES COSTS GET READY,
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TABLE 3.2.1.0-1

S6T

MLLV COST SUMMARY STRUCTURES - ENGINE MODULE AR sdc] (Ii THOUSANDS)
PROGRAM MGMT. |CONT. END ITEM [FACILITLES| LOGISTICS e
ELEMENT OF COST PART I PART IT PART III | PART IV OTHER mves
M/H $ M/H o1 s IS 8 M/E 5

PROGRAM EXECUTIVE Wy 560 b7 560
PROGRAM PLAN. & REPT. 119 { 1,410 119 1,410
INDUSTRIAL RELATIONS 26 249 26 249
ENGINEERING 1,092 | 12,915 1,092 12,915
LAB TECHNICIANS 2191 2,126 219 2,126
TOOLING 1,986 | 19,293 1,986 19,293
PRODUCTION .
MANUFACTURING TEST 9l 915 ol 915
MANUFACTURING TECH. 51 597, 51 591
Q& RA 5481 5,341 548 5,341
FACILITIES 2
DIRECT DIST 528 5,116 ) 528 5,116
TRAINING 28 278 28 278

TOTAL DIRECT LABOR| 19 | 2,219 4,546 46,575 738, 48,794
MATERIAL 6 3,141 3,147
LOGISTIC HARDWARE
EURDEN 1,066 1,066

TOTAL MATERIAL 6 4,207 4,213
TOTAL OTHER
TOTAL COST 2,225 50,782 53,007




3.2.1.1 Forward Skirt
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TABLE 3.2.1.1-I
MLLV COST SUMMARY

FORWARD SKIRT - ENGINE MODULE

A B¢

(1! THOU3SAMDS)

PROGRAM MGMT.

CONT. END ITEM

ACILITIES LOGISTICS

ELEMENT OF COST PART I PART II PART 11 _PIRT IV | oy S
M/H $ M/H EEEEEEE M/H $

PROGRAM EXECUTIVE 12 143 12 143

PROGRAM PLAN.& REPT.]  3q 359 30 359

INDUSTRIAL RELATIONS 7 64 7 64

ENGINEERING 225| 2,663 225 2,663

LAB TECHNICIANS 45 439 45 439

TOOLING 556 | 5,399 556 5,399

PRODUCTION .

MANUFACTURING TEST 26 256 26 256

MANUFACTURING TECH. 14 165 14 165

Q& RA 150 1,462 150 | 1,462

FACILITIES

DIRECT DIST 1481 1,432 148 1,432

TRAINING 8 78 8 78

TOTAL DIRECT LABOR 49 566 | 1,172]11,894 1,221 12,460

MATERTAL 2 861 863

LOGISTIC HARDWARE ,

BURDEN 293 293
TOTAL MATERIAL 2 1,154 1,156
TOTAL OTHER

TOTAL COST 568 13,048 13,616




MLLV

PART

FORWARD SKIRT ~ ENGINE MODULE
ASSEMBLY OR SYSTEM

TABLE 3.2.1.1-II

(In Thousands)

Element of Cost Manhours Manhours Dollars
Direct Labor

Enginecring 225
Logistics

Laboratory Technician 45
Production

Tooling 556
Manufacturing Test 26
Q&RA 150

Facilities

Manufacturing Technician 14

Total Direct Labor 1,016
e ——
Program Executive 12 143
Program Planning & Reporting . 30 359
Industrial Relations 7 64
Total Labor ~ Part I 49 ‘ 5566
Material
Program Planning & Reporting 1
Industrial Relations 1
Material Subtotal 2
Material & Administrative Burden
Total Material 2
(OTAL COST - PART I 568
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MLLV PART IT COST SUMMARY £kl B[Jc[] (IN THOUSANDS)
ENCIREERING propcTION | DESREN & B | MRS TOTAL
ELEMENT OF COST
M/H $ M/H $ M/H $ M/H 3 M/H $
ENGINEERING 75 886 150 | 1,777 225 2,663
LAB TECHNICIANS 15 146 30 293 45 439
TOOLING 556 | 5,399 556 5,399
PRODUCTTON
MANUFACTURING TEST 26 256 26 256
MANUFACTURING TECH. 13 158 1 7 14 165
Q&RA 3 29 140 | 1,365 7 68 150 | 1,462
|DIRECT DIST 139 | 1,350 9 82 148 | 1,432
TRAINING 8 74 4 8 78
TOTAL DIRECT LABOR 93 | 1,061 1,036 [L0,416 43 417 1,172 1 11,894
MATERIAL B
LAB. TECHNIGIANS 31 63 941
TOOLING 697 697
PRODUCTION
MFG. TECHNICIANS 23 1 24
Q&RA 1 42 2 A5
SUBTOTAL 39 826 3 861
MAT. & ADM, BURDEN 11 281 1 293
TOTAL MATERTAL 43 1,107 4 1,154
TOTAL PART IT COST 51,104 L1, 523 $421 $13,048




MLLV
NON-RECURRING COSTS

PART I1I-A FORWARD SKIRT - ENGINE MODULE
ASSEMBLY OR SYSTEM

DESIGN ENGINEERING
TABLE 3.2.1l.1-1IV

ELEMENT OF COST MANHGOURS DOLLARS

BASIC DESIGHN 75,000 $ 885,750
1. Laboratory Technicians 15,000 145,800
Subtotal 90,000 $1,031,550
2. Q&RA 3,000 29,160
TOTAL ENGINEERING LABOR 93,0060 $1,060,710

MATERTAL
3. Laboratory Techniclans $ 31.500
4. Q&RA 300
Subtotal $ 32,400
5. Material and Adm. Burden 11,016
TOTAL MATERIAL $ 43,416
TOTAL ENGINEERING COST $1,104,126
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MLIV
NON-RECURRING GOSTS

FORWARD SKIRT -— ENGINE MODULE

PART IIB ASSEMBLY OR SYSTEM

TOOLING
TABLE 3,2.1,1-V
~ COLUMK I COLUMN IT COLUMN III
ELEMENT OF COST MANHOURS  MANHOURS DOLLARS
TOOL DESIGN 150,483 $1,777,204
1. Lab. Tech. 30,097 292,539
TOTAL ENGR. 180,580 2,069,743
Fabrication and Erection

Fab. & Assembly 398,525 3,873,663
Misc. Charges 7.8% 31,085 302,145

Maintain & Add -
In Scope Changes 1.1% 4,384 43,610
SUBTOTAL (4) 433,994 4,218,418
2. Tool and Production Planning121,518 1,181,157
SUBTOTAL (B) 555,512 5,399,575
3. Direet Distributable 138,878 1,349,893
SUBTOTAL (C) 694,390 6,749,468
4. Training " 7.638 74,243
SUBTOTAL (D) 702,028 6,823,711
5, OQ&RA 140,406 1,364,741
6. Manufacturing Tech. 13,339 157,528
TOTAL PRODUCTION LABOR 855,773 $8,345,980

MATERIAL

7. Tooling $___ 697,419
8. Lab. Tech. 63,204
9. Q%RA 42,122
10. Mamufacturing Tech. 23,343
MATERIAL SUBTOTAL (E) 826,088
11. Material & Adm. Burden 280,870
TOTAL MATERIAL 1,106,958
TOTAL TOCLING COST $ 22,681
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MLLV

PART I1
MANUFACTURING
MANUFACTURING TEST

FORWARD SKIRT - TOOLING - E/M

ASSEMBLY OR SYSTEM
TABLE 3.2.1.1-VI

Element of Cost Manhours
Component Test : 19,926
Component Test Planning 6,376

(1) Subtotal (4) 26,302
(2) Direct Distributable 8,417
Subtotal (B) 34,719
(3) Training . 382
’ Subtotal (C) 35,101
() Mfg. Tech. 667
Subtotal (D) 35,768
(5) Q&RA 7,020
Total Mfg. Test Labor 43,788
Material
(6) Q&RA

(7) Mfg. Tech.
Subtotal (E)

{8) Material & Adm. Burden
Total Material

Total Mfg. Test Cost

202

Dullars
$193,681
61,978
255,659
81,810
337,469
3,712
341,181
7,876
349,057
68,235

$417,292

2,106
1,167
3,273
1,113
4,386

$421,678



3.2.1.2 LH, Tank
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TABLE 3.2.1.2-1

MLLV COST SUMMARY  IHp TANK - ENGINE MODULE AR BOc (I¥ THOUSANDS)
‘ ‘ PROGRAM MGMT. |CONT. END ITEM [FACILITIES LOGLSTICS POTAL
ELEMENT OF COST PART I PART II nf‘ART IIT mPART V| oruer ‘
M/H $ M/H I 8 5 ¢ M/H $
PROGRAM EXECUTIVE 12 143 12 143
PROGRAM PLAN.& REPT. 30 358 30 353
INDUSTRIAL RELATIONS 7 63 7 63
ENGINEERING 2773 3,229 2773 3,229
LAE TECHNICIANS 55 531 5 534
TOOLING 508 | 4,940 508 b, Qo
PRODUCTION
MANUFACTURING TEST 2l 234 24 234
‘MANUFACTURING TECH. 13 151 13 151
Q& R A 140 | 1,369 140 1,369
FACILITIES
DIRECT DIST 135 1,310 135 1,310
TRAINING v 71 " 7
TOTAL DIRECT LABOR 49 564% 11,155 }11,835 1,204 12,399
MATERTAL 2 743 745
LOGISTIC HARDWARE
BURDEN 252 252
TOTAL MATERTAL 2 995 997
TOTAL OTHER
TOTAL COST 566 12,830 13,396




MLLV

PART I
IHz TANK - E/M
ASSEMBLY OR SYSTEM
TABLE 3.2.1.2-II

(IN THCUSANDS)

Element of Cost Manhours Manhours Dollars
Direct Labor
Engineering 273
Logislics
Laboratory Technician ‘ 55
Production
Tooling 508
Manufacturing Test 24
Q&ERA 140
Facilities
Manufacturing Technician 13
Total Direct Labor 1,013
T ——————T
Program Executive 12 143
Program Planning & Reporting | 30 358
Industrial Relations . . 7 ' 63
Total Labor - Part I 49 564
Matorial
Program Planning & Reporting 1
Industrial Relations 1
Material Subtotal 2

Material & Administrative- Burden

Total Material 2

TOTAL COST - PART I 566
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TABLE 3.2,1.2-IIT

MLLV PART II COST SUMMARY  IHo TANK - B/M AE s0c¢[] (IN THOUSANDS)
DESIGN DESIGN & FAB. | MANUFACTURING
ENGINEERING FRODUCTION TOOLING TEST TOTAL
ELEMENT OF COST
M/H $ M/H $ M/H $ M/H $ M/H $
ENGINEERING 150 1,772 123 | 1,457 273 3,229
LAB TECHNICIANS 30 291 25 240 5c £
TOOLING 508 4,940 508 4,040
PRODUCTTON
MANUFACTURING TEST 2l 234 ol 24,
Q&RA 6 58 128 | 1,248 6 63 140 1,369
|DIRECT DIST 127 1,235 8 75 135 1,310
TRAINING 7 68 3 7 71
TOTAL DIRECT LABOR | 186 2,121 930 9,332 39 362 1,155 11,835
F———TTTeTe
MATERIAL |
LAB. TECHNICIANS 63 52 115
TOOLING 572 572
PRODUCTION
MFG. TECHNICIANS 12 1 13
Q&RA 2 39 2 43
SUBTOTAL 65 675 3 743
MAT. & ADM, BURDEN 22 229 1 252
TOTAL MATERIAL 87 904 b 995
TOTAL PART II COST 2,208 10,236 386 12,830




MLLV
NON-RECURRING COSTS

PART II-A 1H2 TANK - E/M
ASSEMBLY OR SYSTEM

DESIGN ENGINEERING
TABLE 3.2.1.2-IV

ELEMENT OF COST MANHOURS . DOLLARS

BASIC DESIGN 150,000 1,771,500
1. Laboratory Technicians ) 30,000 _291,600
Subtotal 180,000 2,063,100
2. Q&RA 6,000 58,320
TOTAL ENGINEERING LABOR 186,000 -2,121,420

MATERTAL
3. Laboratory Technicians 63,000
b, Q&RA 1,800
Subtotal 64,800
5. Material and Adm. Burden 22,032

86
TOTAL MATERTAL »832

TOTAL ENCINEERING COST 2,208,252
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MLLV

NON-RECURRING COSTS

1H, TANK - E/M

PART ITB ASSEMBLY OR SYSTEM

TOOLING
TABLE 3. 2. lo 2_‘7

ELEMENT OF COST

TOOL. DESIGN
1, Lab. Tech.
TOTAL ENGR.

Fabrication and Erection

Fab, & Assembly
Misc, Charges 7.8%
Maintain & Add

In Scope Changes 1.1%

SUBTOTAL (4)

COLUMN T
MANHOURS

364,581

2
4,010

397,029

2. Tool and Production Planning 111,168

SUBTOTAL (B)

3. Direct Distributable
SUBTOTAL (C)

4. Training
SUBTOTAL {D)

5. Q&RA

6. Manufacturing Tech.
TOTAL, PRODUCTION LABOR

MATERTAL

7. Toeling

8. Ilab. Tech.

9. Q%RA

10. Mamufacturing Tech,

MATERIAL SUBTOTAL (E)

11, Material & Adm. Burden
TOTAL MATERTAL

TOTAL TOOLING COST

508,197

127,049
635,246

6,988
6h2,234

_ 128,047

12,202
782,883

208

COLUMN II
MANHOURS

12 2

_ 24,678

_148,070_

COLUMN III
DOLLARS

1,457,260
239,874

1,697,134

3,543,727
276,511

38,980
3,859,118

1,080,553
4,939,681

1,234,917
6,174,588

67,920
6,242,508

1,248,501

Ty ,110

7,635,119

2

675,427
229,305
903,732
10,235,985



MLLV
PART IIB

MANUFACTURING
MANUFACTURING TEST )

LH2 TANK-TQOLING - E/M

ASSEMBLY OR SYSTEM
TABLE 3.2.1-2'_VI

Element of Cost

Component Test
Component Test Planning
(1) Subtotal (4)

(2) Direct Distriﬂutab]e
Subtotal (B)

(3) Training
Subtotal (C)

(4) Mfg. Tech.
Subtotal (D)

(5) Q&RA
Total Mfg. Test Labor

Material

(6) Q&RA

(7) Mfg. Tech.
Subtotal (E)

(8) Material & Adm. Burden
Total Material

Total Mfg, Test Cost

209

Manhours

18,229
e
24,062
7,700
31,762
349
52,01
610
52,724
6,422
59,143

Dullars

177,186
56,699
233,885
iy, 843
308,728
3,395
312,123
75205
319,328
62,42l
381,752

1,927
1,068

2,995
1,018

4,013

385,765



3.2.1.3 LOX Tank
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TABLE 3.2,1.3-I

1Te

MLLV COST SUMMARY  LOX TANK - ENGINE MODULE AE)BOc (I THOUSANDS)
PROGRAM MCMT. [CONT. END ITEM [FACLLLTIES LOGISTICS TOTAL
ELEMENT OF COST PART I PART IT =rfART III mPART LA p— ‘
M/H $ M/H $ I 8 IS ¢ M/H $

PROGRAM EXECUTIVE 6 71 6 71

PROGRAM PLAN.& REPT. 15 177 | . 15 177

INDUSTRIAL RELATIONS|. 1 31 ' 3 31

ENGINEERING 201 | 2,376 201 2,376

LAB TECHNICIANS 4o 390 40 390

TOOLLNG ' : 189 | 1,834 189 1,834

PRODUCTION

MANUFACTURING . TEST <9 87 9 87

MANUFACTURING TECH. 5 57 ' 5 57

Q& RA 56 505 _ 56 545

'FACILITIES - -

DIRECT DIST 50 486 50 4386

TRAINING 3 26 3 26

TOTAL DIFEOT LABOR) on | 299 ] =53 | =.801 577 6,080

MATERTAL , 3 347

LOGISTIC HARDWARE .

BURDEN 117 . 117
TOTAL MATERTAL Lol . Lok
TOTAL OTHER

TOTAL COST 279 6,265 6,54




MLLV

PART I

- LOX TANK - B/M
ASSEMELY OR SYSTEM

TABLE 3.2.1.3-II

(In Thousands)

Element of Cost Manhours Manhours Dollars
Direct Lab
Enpineering 201
Logistics
Laboratory Technician ' 40
Production )
Tooling 189
Manufacturing Test 9
QsRA 56
Facilities
Manufacturing Technician 5
Total Direct Labor 500
T
Program Executive 6 71
Program Planning & Reporting | 15 177
Industrial Relations 3 31
Total Labor - Part T 24 299
Material

Program Planning & Reporting
Industrial Relations

Material Subtotal

Material & Administrative- Burden
Total Material
TOTAL COST - PART I 279
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TABLE 3.2.1.3-IIT

MLLV PART II COST SUMMARY I.OX TANK - E/M LB E[Jc[]  (IN THOUSANDS)
DESIGN DESIGN & FAB. | MANUFACTURLNG
PRODUCTION kot
ELEMENT OF COST ENGINEERING TOOLING TEST
M/H $ M/H $ M/H $ M/H $ M/H $
ENGINEERING 150 | 1,772 51 604 201 2,376
LAB TECHNICIANS 30 291 10 99 40 390
TOOLING 189 11,834 189 1,834
PRODUCTI ON
MANUFACTURING TEST 9 87 9 87
MANUFACTURING TECH. 5 5l 3 5 57
Q&RA 6 58 48 jan 2 23 56 45
|DIRECT DIST I 458 3 28 50 486
TRAINING 3 25 1 3 26
| TOTAL DIRECT LABOR 186 2,121 352 13,538 15 142 553 5,801
MATERIAL
LAB. TECHNICIANS 63 22 85
TOOLING 237 237
PRODUCTION
MFG. TECHNICIANS 8 8
Q&RA 22 14 1 17
SUBTOTAL 65 281 1 347
MAT. & ADM, BURDEN 22 95 117
OTAL
LT MATERTAL 87 _ 376 1 LEk
TOTAL PART II COST 2,208 3,914 143 6,265




MLLV
NON-RECURRING COSTS

PART IT-A LOX TANK - E/M
ASSEMBLY OR SYSTEM

DESIGN ENGINEERING
TA-BLE 3-2-1. 3‘—IV

ELEMENT OF COST MANHOURS DOLLARS

BASIC DESIGN 150,000 1,771,500
1. Laboratory Technicians 30,000 291,600
Subtotal 180,000 2,063,100
2. Q&RA 6.000 584320
TOTAL ENGINEERING LABOR 186,000 2,121,420

MATERTAL
3. Laboratory-Technicians 63,000
L. Q&RA - 1,800
Subtotal 6, 800
5. Material and Adm. Burden 22,032
TOTAL MATERTAL 86,832
TOTAL ENGINEERING COST 2,208,252
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MLLV:
NON-RECURRING COSTS

LOX TANK - E/M
PART IIB ASSEMBLY OR SYSTEM

TOOLING
TABLE 3.2.1. 3"VeoumN T conmn 1T COLUMN ITI
ELEMENT OF COST MANHOURS  MANHOURS DOLLARS
TOOL DESIGN 51,119 603,715
1. lab, Tech. 10,224 99,375
TOTAL ENGR. 61,343 703,090

Fabrication and Erection

Fab. & Assembly 135,381 1,315,903
Misc. Charges 7.8% 10, 560 102,640
Maintain & Add
In Scope Changes 1.1% 1,489 1, 47l
SUBTOTAL (4) 147,430 1,433,017
2. Tool ard Production Planning_ 41,280 401,245
SUBTOTAL (B) 188,710 1,834,262
3. Direct Distributable 47,178 - 458,565
SUBTOTAL (C) 235,888 2,292,827
L. Training 2, 59U 25,220
SUBTOTAL (D) 238,482 2,318,047
5. GRRA . 7,696 463,609
6. Manufacturing Tech. 4,531 53,512
TOTAL PRODUCTION LABOR 290,709 2,835,168
MATERTAL

7. Tooling 236,917
8. Lab, Tech, 21,470
9. Q&RA 14,309
10. Mamufacturing Tech. 7,929
MATERTAL SUBTCTAL (%) 280,62

11. Material & Adm. Burden ' __95.813
TOTAL MATERIAL 376,038
TOTAL TOOLING COST 3,914,296
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MLLV

PART I1B
MANUFACTURING
MANUFACTURING TEST

LOX TANK-TOOLING - E/M

ASSEMBLY OR SYSTEM
TABLE 3.2.1,3-VI

Element of Cost

Component Test
Component Test Planning
(1) Subtotal (A)

(2) Direct Distributable
Subtotal (B)

(3) Training
Subtotal (C)

(4) Mfg. Tech.
Subtotal (D)

(5) Qera
Total Mfg. Test Labor

Material

(6) Q&RA

(7) Mfg. Tech.
Subtotal (E)

(8) Material & Adm. Burden
Total Malerazal

Total Mfg. Test Cost
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Manhours

6,769
2,166
8,935
2,859
11,794
130
11,92k
227
12,151
2,385
(14,536

Doliars
65,795
21,054
86,849
27,791

114,640

1,261
115,901
2,675
118,576
23,179
141,755

715
396
1,111
378
1,489

143,244



3.2.1.4 Tunnels
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TABLE 3.2.10 4"'"1

TUNNELS - ENGINE MODULE

MLLV COST SUMMARY Akl sdcd (I¥ THOUSANDS)
PROGRAM MGMT. {CONT. END ITEM FACILITLES LOGISTLCS TOTAL
ELFMENT OF COST PART T PART II PART IIT | PART IV OTHER ‘
M/H $ M/H IEIEREEE M/H $
PROGRAM EXECUTIVE 1 17 1 17
PROGRAM PLAN.& REPT. 4 46 4 46
INDUSTRIAL RELATTONS 1 8 1 8
ENGINEERING 69 817 69 817
LAB TECHNICIANS 14{ 135 14 135
TOOLING 34 329 34 329
PRODUCTION
MANUFACTURING TEST 2 16 16
MANUFACTURING TECH. 10 10
Q& RA 11 111 11 111
FACILITIES
DIRECT DIST 9 87 9 87
TRAINING . .
TOTAL DIRECT LABOR 6 71 1401,150 146 1,581
MATERTAL - 83 83
LOGISTIC HARDWARE
BURDEN 28 28
TOTAL MATERIAL 111 111
TOTAL OTHER
TOTAL COST 71 1,621 $1,692




MLLV

PART I

TUNNELS = ENGINE MODULE
ASSEMBLY OR SYSTEM

TABLE 3.2.,1.4-II

Elem of G Manhours Manhours Dollars
Direct Labor

Engineering 69
Logistlics

Laboratory Technician 14
Production

Tooling 34

Manufacturing Test 2

QSRA 13

Facilities

Manufacturing Technician 1

Total Direct Labor
{ %:

Program Executive 1 17
Program Planning & Reporting . 4 46
Industrial Relaticns . - 1 8
Total Labor -~ Part T 6 71
Program Planning & Reporting
Industrial Relations
Material Subtotal
Material & Administrative Burden
Total Material
TOTAL COST - PART I $71
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TABLE 3.2.1.4-III TUNNELS ~ ENGINE MODULE

MLLV PART II COST SUMMARY t{d 3[Jc[d (IN THOUSANDS)
JI7T I
BLEMENT OF GOST ENGENEERING PRODUCTION | PR R 4B | MAVEAGTIRINC TOTAL
M/H $ M/H $ M/H $ M/H $ M/H $
ENGINEERING 60| 709 5! 108 69 817
LAB TECHNICIANS 12 117 ' 5 18 14 135
TOQLING 34 329 34 329
PRODUCTLON _
MANUFAGTURING TEST . 2 16 2 16
MANUFACTURING TECH. 1 1o 1 10
Q&RA 9 23 9 83 5 11 111
|DIRECT DIST g 82 1 5 9 87
TRATNING 5 5
| TOTAL DIRECT LABOR 74 849 63 635 3 26 140 1,510
MATERTAL T
LAB. TECHNICIANS 25 4 29
TOOLING : 13 43
PRODUCTION ‘
MFG. TECHNICIANS 1 1
Q&RA - 3 10
SUBTOTAL 32 51 83
MAT. & ADM, BURDEN 11 - 17 8
TOTAL MATERTAL 43 68 111
TOTAL PART II COST $892 $703 $26 $1,621




MLLY
NON-RECURRING COSTS

PART I1-A_TUNNELS - ENGINE MODULE
ASSEMBLY OR SYSTEM

DESIGN ENGINEERING

TABLE 3.2,1.4-IV

ELEMENT OF COST MANHOQURS DOLLARS

BASIC DESIGN 60,000 - $708,600
1. Laboratory Technicians 12,000 116,640
Subtotal 22,000 $825,240
2. Q&RA 2,400 23,328
TOTAL ENGINE'_ERING LABOR 74,400 848,568

MATERTAL
3. Laboratory Technicians $ 25,200
L, Q&RA __ 7,200
Subtotal $ 32,400
5. Material and Adm. Burden _11,016
TOTAL MATERTAL $ 43,416
TOTAL ENGINEERING COST $891,984

221



MLLV
NON~-RECURRING COSTS

TUNNELS - ENGINE MODULE
PART IIB ASSEMBLY OR SYSTEM
TOOLING

ELEMENT OF COST MANHOURS

TOOL DESIGN
1. ILab. Tech.
TOTAL ENGR.

Fabrication and Erection

Fab, & Assembly 24,324
Misc. Charges 7.8% 1,897
Maintain & Add

In Scope Changes 1.1% 268

SUBTOTAL (4) 26,489
2. Tool and Production Planning 7 WA17
SUBTOTAL (B) 33,906
3., Direct Distributable 8,476
SUBTOTAL (C) 42,382
4o Training 466
SUBTOTAL (D) 42,848
5. OkRA - 8,570
6. Manufacturing Tech. 814
TOTAL PRODUCTION LABOR 52,232
MATERIAL
7. Tooling
8. Lab. Tech.
9. O&RA

10. Mamufacturing Tech.
MATERTIAL SUBTOTAL (E)

11l. Material & Adm., Burden
TOTAL MATERIAL

TOTAL TOOLING COST
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COLUMN II COLUMN III
MANHOURS DOLLARS
~2.185 108,475
1.837 17,856
11,022 $126,331

236,429
18,441

2,600
257,470

72,091
328,561

82,390
411,951
4,530
416,481

83,296

9,615

$509,392

$ 42,568
3,858
2,571
1,425

50,422
17,143
—b7.065

£703,288



MLLV

PART 11IB
MANUFACTURING
MANUFACTURING TEST

TUNNELS ~ TOOLING

ASSEMBLY OR SYSTEM
15T UNIT COSsT

TABLE 3- 2.1. 4—VI

Element of Cost

Manhours Dullaps

Component Test : 1,216 -~ $ 11,820
Component Test Planning 389 3,782
(1) Subtotal (A) 1,605 ) 15,602

(2) Direct Distributable ' 514 4,992
Subtotal (B) 2,119 20,594
(1) Training : 23 226
Subtotal (C) 2,142 20,820

(4) Mfg. Tech. 41 ' 479
Subtotal (D) 2,183 ] 21,299

(5) Q&RA : 428 4,164
Total ¥fg. Test Labor 2,611 $§ 25,463

Material o

(6) Q&RA 129
(7) Mfg. Tech. 71
Sublotal (E) 200

(8) Material & Adm. Burden __.jﬁi
Total Material __iiig

Total Mfg. Test Cost $ 25,731

|
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TABLE 3.2.1.5-1 THRUST STRUCTURE - ENGINE MODULE

MLLV COST SUMMARY ARle]c] (I THOUSANDS)
PROGRAM MGMT. |CONT. END ITEM [FACILITIES LOGISTLGCS TOTAL
ELEMENT OF GOST PART I PART II mfART IIT | PART IV | (oo e
u/H bl wE | E s 15 s M/H $
PROGRAM EXEGUTIVE 15 177 ' 15 177
PROGRAM PLAN.& REPT. 38 444 38 444
INDUSTRIAL RELATIONS 8 79 8 79
ENGINEERING 264| 3,121 264 3,121
LAB TECHNICIANS 53 514 53 514
TOOLING . 6991 6,791 699 6,791
PRODUCTION |
MANUFACTURING TEST 33 322 33 322
MANUFACTURING TECH. 18 208 18 208
Q& RA 189| 1,831 189 1,831
FACILITIES
DIRECT DIST 1861 1,801 186 1,801
TOTAL DIRECT LABOR 61 700 1,452|14,686 1,513 15,386
MATERTAL p. 1,075 1,077
LOGISTIC HARDWARE
_EURDEN 363 365
TOTAL MATERIAL y. 1,440 1,442
TOTAL OTHER
TOTAL COST
702 16,126 16,828




MLLV

PART T

THRUST ST MODULE

ASSEMBLY OR SYSTEM

TABLE 3.2.1.5-1IT
(In Thousands)

Element of Cost Manhours Manhours Dollars

Direct Labor
Engineering 264
Logristics
Laboratory Technician 53
Production
Tooling 699
Manufacturing Test 44
Q&RA % 189
Facilities r
Manufacturing Technician 18
Total Direct Labor 1,256
= ——
Program Executive 15 177
Program Planning & Reporting 38 444
Industrial Relations . - 8 79
Total Labor - Part I 61 200
Material
Program Planning & Reporting 1
Industrial Relations
Material Subtotal 2
Material & Administrative Burden
Total Material 2
TOTAL COST -~ PART I ) $ 702
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TABLE 3,2.1.5-IIT THRUST STRUCPURE -~ ENGINE MODULE

MLLV PART II COST SUMMARY tX 8Jc[] (IN THOUSANDS)

: : - -
CLEVENT OF GOST BN NBERING prODUCTION | DESTCH & FaB. | NMANUERGTURING TOTAL
M/H $ M/H $ M/H $ M/H $ M/H $
ENGINEERING 75 886 189 | 2,235 264 3,121
LAB TECHNICIANS 15 146 ' 38 368 53 514
TOOLING 699 | 6,791 699 6,791
PRODUCTI O
MANUFACTURING TEST , 33| 322 33 322
MANUFACTURING TECH. 17 108 1 10 18 208
Q&RA 3 29 177 | 1,716 9 86 189 1,831
|DIRECT DIST 175 | 1,698 11] 103 186 1,801
TRAINING ' 10 93 5 10 98
| TOTAL DIRECT LABOR 93 {1,061 1,303 13,100 54{ 525 1,452 14,686
MATERTAL
LAB. TECHWICIANS 31 80 111
TOOLING 877 877
PRODUCTION .
MFG. TECHNICIANS 29 1 30
Q&RA 1 53 3 57
SUBTOTAL 32 , 1,039 4 1,075
MAT. & ADM. BURDEN 11 353 1 365
TOTAL MATERTATL 43 1,392 15 1,240
TOTAL PART II COST 1,104 ' 14,492 530 16,126




MLLV

NON-RECURRING COSTS
PART II-4 THRUST STRUCTURE = ENGINE MODULE

ASSEMBLY OR SYSTEM
DESIGN ENGINEERING

TABLE 3.2.1.5-IV

ELEMENT OF COST

BASIC DESIGN
1. Laboratory Technicians
Subtotal

2. Q&RA

TOTAL ENGINEERING LABOR

MATERTAL
3. Laboratory Technicians
L. Q&RA
Subtotal
5. Material and Adm. Burden

TOTAL MATERIAL

TOTAL ENGINEERING COST
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MANHOURS

75,000
15,000
90,000

3,000

93,000

DOLLARS

$885,750

145,800

1,031,550

29,160

1,060,710

31,500
9040

32,400
11,016

43,416

1,104,126



MLLV
NON-RECURRING COSTS

THRUST STRUCTURE — ENGINE MODULE

PART IIB ASSEMBLY OR SYSTEM
TOOLING
T -
ABLE 3,2.1.5 VoL T
HLFMENT OF COST MANHOURS

TOOL DESIGN
1. Lab. Tech.
TOTAL ENGR.

Fabrication and Erection

Fab., & Asgembly 501,228
Misc, Charges 7.8% 39,096

Maintain & Add
In Scope Changes 1.1%

5,514

SUBTOTAL (4) 545,838

2. Tool and Production Planning 152,834

SUBTOTAL (B) 698,672

3. Direct Distributable
SUBTOTAL (C)

174,668

873,340

4. Training 9,607

SUBTOTAL (D) 882,947
5. Q%RA . 176.589
6. Manufacturing Tech. - 16,776

TOTAL PRODUCTION LAROR 1,076,312

MATERTAL

7. Tooling

8. Iab. Tech.

90 @tRA

10. Mamufacturing Tech.

MATERIAL SUBTOTAL (E)

11, Material & Adm. Burden
TOTAL. MATERTAL

TOTAL TOOLING COST
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COLUMN IT
MANHOURS _

189,264
37,853

227,117

COLUMN ITI
DOLLARS

$2,235,.208
367,929

2,603,137

4,871,936
380,010

53,591
5,305,537
1,485,550

6,791,087

1,697,772
8,488,859
93,377
8,582,236

1,716,447

198,123

s 10,496,806

$

877,149
79,491

—— 52,977
—_—29,358
-1.038,975

353,252

—4.222,227

$ 14,492,170



MLLV

PART IIB
MANUFACTURING
MANUFACTURING TEST

THRUST STRUCTURE - TOOLING - ENGINE MODULE

ASSEMBLY OR SYSTEM
18T UNIT COST

TABLE 3.2.1.5-V1L

Element of Cost Manhours
Component Test 25,061
Component Test Planning 8,020

(1) Subtotal (A) 33,081

{2) Direct Distributable 10,586

Subtotal (B) 43,667

(3) Training 480

Subtotal (C) ' 44,147

(4) Mfg. Tech. 839

Subtotal (D) 44,986

(5) Q&RA ' 8,829

Total Mfg. Test Labor 53,815

Material T
(6) Q&RA

(7) Mfg. Tech.
Subtotal (E)

(8) Material & Adm. Burden
Total Material

Total Mfg. Test Cost

230

Dullars
$243,593
77,950
321,543
102,893

B

424,436

4,669
429,105

- 9,905

439,010

85,821

524,831

2,649
1,468
4,117
1,400

5,517

$530,348



3.2.1.6 Structure Assembly
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TABLE 3.2.1.6-1

MLLV COST SUMMARY  STRUCTURE ASSEMBLY - ENGINE MODULE AR O cO (I¥ THOUSANDS)
PROGRAM MGMT. |CONT. END ITEM [FACILITIES LOGISTICS TOTLL ]
ELEMENT OF COST PART I PART IT PART TIT | PART IV OTHER ‘
M/H $ | wa eI EE M/H $
PROGRAM EXECUTIVE 1 9 1 9
PROGRAM PLAN.& REPT. 2 26 2 26
INDUSTRIAL RELATTONS L I
ENGINEERING 60 709 60 700
LAB TECHNICIANS 12 117 12 117
TOOLING
PRODUCTION
MANUFACTURING TEST
MANUFACTURING TECH.
Q& RA 2 23 2 23
FACILITIES
DIRECT DIST
TRATNING
TOTAL DIRECT LABOR 3 39 i) 849 Yih 888
MATERTAL 32 32
LOGISTIC HARDWARE
BURDEN 11 1L
TOTAL MATERIAL 43 13,
TOTAL OTHER
TOTAL COST 39 892 931




MLLV

PART I

STRUCTURE ASSEMBLY - E/M
ASSEMBLY OR SYSTEM

TA.BLE 3.2.1' G_II

Elem of C Manhours Manhours Dollarys
Direct Labor
Engineering 60
Logistics
Laboratory Teéhnician ' i2
Production
Tooling
Manufacturing Test
Q&RA 2
Facilities

Manufacturing Technician

7l
Total Direct Labor
p——————
Program Executive . 9
Program Planning & Reporting . 26
Industrial Relations . ) b
Total Labor - Part I 3 39
Material
Propram Planning & Reporting
Industrial Relations
Material Subtotal
Material & Administrative Burden
Total Material
TOTAL COST - PART I 39
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TABLE 3,2.1.6-III

TOTAL PART II COST

892

MLLV PART IT COST SUMMARY  STRUCTURE ASSEMBLY - E/M A@ B[] c[] (IN THOUSANDS)
T I
ELEMENT OF GOST ENGIAPRRING PRODUCTION | DESTCN & FAB. | MAKUEAGTURING
M/H $ M/H $ M/H $ M/H 3 M/H $
ENGINEERING 60 709 60 709
LAB TECHNICIANS 12 117 12 117
TOOLING
PRODUCTI ON
MANUFACTURING TEST
MANUFACTURING TECH.
Q&RA 2 23 2 29
|DIRECT DIST
'TRAINING
TOTAL DIRECT LABOR 7h | 849 ol aho
MATERTIAL
LAB. TECHNICIANS 25 25
TOOLTING
PRODUCTION
MFG. TECHNICIANS
Q&RA o .
SUBTOTAL 32 32
MAT. & ADM, BURDEN 1 11
| TOTAL MATERTAL w 43
892




MLLV
NON-RECURRING COSTS

PART II-A___ STRUCTURES - E/M

ASSEMBLY OR SYSTEM
DESIGN ENGINEERING

'6-IV
ELEMENT QF COST TABLE 3.2.1.6-1

BASIC DESIGN
1. Laboratory Techniclians
Subtotal

2. Q&RA
TOTAL ENGINEERING LABOR

MATERIAL
3. Léboratory Technicians
4. Q&RA
Subtotal
5, Material and Adm. Burden

TOTAL MATERIAL

TOTAL ENGINEERING COST
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MANHOURS

60,000

DOLLARS

708,600

12,000

72,000

116,640

825,240

2,400

23,328

74,400

848, 568
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PRECEDING PAGE BLANK NOT FLMED.

3.2.2 Systems - Injection Stage - Engine Module

The Get Ready Cost for the system components of the Injection Stage - Engine
Medule are displayed in Figure 3.2,2.0-1, The cost details of the system
components are contained in the appropriate subparagraphs, as indicated.

Table 3.2.2.0-1 is a total Get Ready Cost of these systems.

These costs are comprised of basic (or non-recurring) engineering costs required
to produce the basic tooling, fabrication and assembly of tooling, and basic article
design including all engineering such as manufacturing liaison and coordination
required to produce the first article. These costs are non-recurring in that they
are experienced once during the production life of a model,
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SYSTEMS
$26, 974

3.2,

PROP & MECH.

$5, 735

0.0 3.2.2.1

FIGURE 3.2.2,0-1

ELECT.
$3, 337

3.2.2.2
INSTRU,
$17,467
3.2.2.3

FLIGHT
CONTROL
$3, 500
3.2,2.4
SYS. ASSEMBLY

$6, 935
3.2.2.5

NOTES: = = = —— ALTERNATE SYSTEMS.
DOLLARS ARE IN THOUSANDS.
NUMBERS IN LOWER RIGHT CORNER

DESIGNATE APPLICABLE SECTION
NUMBER FOR COST DETAILS,

MLLV INJECTION STAGE ENGINE MODULE SYSTEMS COSTS
GET READY, "AY COSTS
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SYSTEMS - INGINE .MCDULE
TABLE 302.2.0—1

6€Z

MLLV COST SUMMARY afdedc (I¥ THOUSAIDS)
PROGRAM MGMT. {GONT. END ITEM [FACILITIES 1,0GISTLCS TOTAL
ELEMENT OF COST " PART I PART II DEART IIT | PART IV OTHER ‘
M/H $ M/H RS SR M/H $

PROGRAM EXECUTIVE 25 298 _ 25 294

PROGRAM PLAN:& REPT, 65 75), 65 751,

INDUSTRIAL RELATIONS 15 133 13 133

ENGINEERING 1,546 |18,252 1,546 18,252

LAB TECHNICIANS 309 | 3,005 309 3,005

TOOLING . 169 | 1,636 169 1,636

PRODUCTI ON ,

MANUFACTURING TEST 5 .52 5 52

MANUFACTURING TECH. 5 48 5 48

Q& RA 104 | 1,012 104 1,012

'FACILITIES : ‘

DIRECT DIST L5 126 L5 426

TRAINING : 1 23 1 23
TOTAL DIRECT LABOR| 105 |a,185 | 2,184 24,454 2,289 25,639

MATERTAT, ‘ 1 997 o 998

LOGISTIC HARDWARE .

BURDEN 337 337
TOTAL. MATERTAL 1 1,334 1,335
TOTAL OTHER

TOTAL COST 1,186 25,788 | 1 26,974




3.2.2.1 Propulsion/Mechanical System
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TABLE 3.2.2.1-I1

PROPULSION & MECHANICAL SYSTEM - EM

MLLV GOST SUMMARY AlxdBs]c] (IE THOUSAIDS)
PROGRAM MGMT. [CONT. END ITEM [FACILITIES] LOGISTICS TOT AL
ELEMENT OF COST PART I PART II PART TII | PART IV OTHER h
H/H $ | M/ ISR M/H $
PROGRAM EXECUTIVE 5 63 5 63
PROGRAM PLAN.& REPT. U | 161 1 161
INDUSTRIAL RELATIONS 3 28 3 28
ENGINEERING 313 | 3,701 313 3,701
LAB TECHNICIANS 63 609 63 609
TOOLING 50 482 50 482
PRODUCTION
MANUFACTURING .TEST 2 23 2 23
MANUFACTURING TECH. 1 1, 1 1
Q& RA 26 245 26 245
FACILITIES :
DIRECT DIST 13 128 13 128
TRAINING " 7
TOTAL DIRECT LABOR 22 252 L68 | 5,209 490 5,461
MATERTAL 1 204 205
LOGISTIC HARDWARE
BURDEN ) £9 69
TOTAL MATERIAL 1 273 27h
TOTAL OTHER
TOTAL COST 253 5,482 $5,735




MLLV
NON-RECURRING

PART T

PROPUISION & MECHANICAL SYSTEM -~ EM
ASSEMBLY OR SYSTEM

TABLE 3.2.2.1-11
. (In Thousands)
Element of Cost Manhours Manhours Dollars

Direct Labor

Engineering 313
Logistics
Laboratory Technician 63
Production
Tooling 50
Manufacturing Test 2
Q&RA 26
Facilities
Manufacturing Technician 1
Total Direct Labor L55
Program Executive 5 63
Program Planning & Reporting 14 - 161
Industrial Relations . 3 28
Total Labor - Part I 22 T 252
Material

Program Planning & Reporting
Industrial Relations , 1

Material Subtotal 1
Material & Administrative Burden

Total Material 1

TOTAL COST - PART T $253
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TABLE 3.2.2.1-IIT FROPULSION & MECHANICAL SYSTEM ~ EM

MLLV PART II COST SUMMARY - LB s[0c[J (IN THOUSANDS)
FLEVENT OF COST ENGINERATNG propucTION | DESERN & FAB. | MAWUZZLJORING TOTAL
M/H $ M/H $ M/H $ M/H 3 M/H $
ENGINEERING 300! 3,543 13 158 313 3,701
LAB TECHNICIANS 60{ 583 ' 3 26 63 609
TOOLING 50 482 50 482
PRODUCTION
MANUFACTURING TEST . . 2 23 2 23
MANUFACTURING TECH. 1 a 1 1,
Q&RA 12 117 13 122 1 6 26 245
|DIRECT DIST 12 120 1 8 13 128
TRAINING ' v i
TOTAL DIRECT LABOR 3728 4,243 . 92 929 4 37 468 5,209
MATERTAL
LAB. TECHNICIANS 126 6 132
TOOLING 62 62
PRODUCTION
MFG. TECHNICIANS 2 2
Q&RA L k 8
SUBTOTAL 130 . 7 204
MAT. & ADM. BURDEN | N 25 69
| TOTAL MATERIAL 174 | ' 99 273
TOTAL PART IT COST 14,417 $1,028 $ 37 5,482




MLLV
NON-RECURRING COSTS

PART II-A PROPULSION & MECHANICAL SYSTEM - EM

ASSEMBLY OR SYSTEM
DESIGN ENGINEERING

ELEMENT -OF COST TABLE 3.2,2,1-IV

BASIC DESIGN
1. Laboratory Technicians
Subtotal

2. Q&RA

TOTAL ENGINEERING LABOR

MATERTAL
3. Laboratory Technilcians
Ly, Q&RA
Subtotal
5. Material and Adm. Burden

TOTAL MATERTAL

TOTAL ENGINEERING COST
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MANHOURS
300,000
60,000

360,000
12,000

372,000

DOLLARS

$3,543,000
583,200
)y, 126,200

116,640

$h , 22,840

126,000

3,600
129,600
L, 064

& 173,66k

$4,416,504



MLIV
NON-RECURRING COSTS

PROPUISTION & MECHANICAL SYSTEM - BM

" PART IIB ASSEMBLY OR SYSTEM
. TOOLING

TABLE 3.2,2.1-V

COLUMN I COLUMN IT COLUMN III
ELEMENT OF COST MANHOURS MANHOURS . DOLLARS

TOOL. DESIGN 13!421 158,502

1. Lab. Tech. 2,684 26,090

TOTAL ENGR. 16,105 184,592

Fabrication and Erection ‘

Fab, & Assembly 35,545 345,497

Misc. Charges 7.8% 2,773 26,949
Maintain & Add _

In Scope Changes 1.1% 391 3,800

SUBTOTAL (A) 38,709 376,246

2.. Tool ami Production Planningl0,838 105,348

SUBTOTAL (B) 49, 507 481,59,

3. Direct Distributable 12,387 - 120,398

SUBTOTAL (C) 61,934 601,992

4, Training 681 6,621

SUBTOTAL (D) 62,615 608,613

5. GQ%RA 12,523 121,723

6. Manufacturing Tech. 1,190 14,049

TOTAL PRODUCTION LABOR 76,328 $ 7hb,385

MATERIAL

7. Tooling $ 62,204

8. Lab. Tech, 5,036

. 9., Q&RA 3,701

10, Mamufacturing Tech, 2,083

MATERTIAL SUBTOTAL (E) 73,680

11, Material & Adm, Burden 25,051

TOTAL MATERIAL 98,731

TOTAL TOOLING COST
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$1,027,708



MLLV

PART IIB
MANUFACTURING
MANUFACTURING TEST

PROPULSION & MECHANTICAL SYSTEM TOOLING ~ EM

ASSEMBLY OR SYSTEM
15T UNIT COST

TABLE 3.2.2.1-V1
Element of Cost

Component Test
Component fest Planning
(1) Subtotal (4)

(2) Direct Distributable
Subtotal (B)

(3) Training
Subtotal (C)

(4) Mfg. Tech.
Subtotal (D)

(5) Q&RA
Total Mfg. Test Labor

Material

(6) Q&RA

(7) Mfg. Tech.
Subtotal (E)

{(8) Material & Adm. Bur:den
Total Material

Total Mfg. Test Cost
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Manhours

1,777
— 569
2,346
— 151
3,097
— 3k
3,131
—_—29
3,190
626

3,816

Duollars

17,272

188

104
292

37,602



3.2.2.2 Electrical System
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TABLE 3.2.2.2-1

EIECTRICAL SYSTEM - E/M

MLLV COST SUMMARY AR B[] (IN THOUSANDS)
: PROGRAM MGMT. |CONT. END ITEM [FACILITIES LOGISTICS TOTAL
ELEMENT OF COST PART I PART IT PART IIE ] PART IV OTHER ‘
M/H $ | u/E MR M/H $

PROGRAM EXECUTTVE 3 36 3 36
PROGRAM PLAN.& REPT. 8 92 8 92
INDUSTRIAL RELATIONS 2 16 2 16
ENGINEERING 186 {2,197 186 2,197
LAB TECHNICIANS 37 362 39 362
TOOLING 22 215 22 215
PRODUCTION
MANUFACTURING TEST 1 10 N 10
MANUFACTURING TEGH. 1 7 1 v
Q& RA 13 128 13 128
FACILITIES
DIRECT DIST 7 57 7 gy
TRAINING 3 3

TOTAL DIRECT LABOR| 19 N 266 | 2,979 280 3,123
MATERTAL 160 160
LOGISTIC HARDWARE
BURDEN 5L, 5k

TOTAL MATERI AL 214 214
TOTAL OTHER
TOTAL COST 144 3,193 $3,337




MLLV

PART [

EIECTRICAL = E/M
ASSEMBIY OR SYSTEM

TABLE 3.2.2.2-II

Element of Cost Manhours Manhours Dollars
Direct Labor
Engineering 186
Logislics
Laboratory Technician - 37
Production
Tooling 22
Manufacturing Test 1
Q&RA 13
Facilities '
Manufacturing Technician 1
Total Direct Labor 260
=T
Program Executive 3 36
Program Planning & Reporting . ‘ 8 92
Industrial Relations 2 16
Total Labor « Part I i3 $1h4
Material

Program Planning & Reporting
Industrial Relations

Material Subtotal
Material & Administrative Burden

Total Material

'OTAL COST - PART I S
249
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TABLE 3.2.2,.2-ITT

ELECTRICAL SYSTEM - E/M

MLLV PART IT COST SUMMARY KB c[]  (IN THOUSANDS)
Ve
M/H $ M/H $ M/H $ M/H 3 M/H $
ENGINEERING 180 | 2,126 6 71 186 2,197
LAB TECHNIGIANS 36 350 12 37 362
TOOLING 22 215 22 215
PRODUCTION
MANUFACTURING TEST il 10 . 1 10
MANUFACTURING TECH. 1 5 1 1 7
Q&RA Vi 70 6 55 3 13 128
|DIRECT DIST 6 5), 1 3 7 57
“TRATNING 3 3
TOTAL DIRECT LABCR 223 | 2,546 L1 L16 2 17 266 $2,979
MATERIAL
LAB. TECHNICIANS 76 3 79
TOOLING 77 77
PRODUCTION
MFG. TECHNICIANS 1 1
Q&RA 2 1 3
SUBTOTAL ng 8o 160
MAT. & ADM, BURDEN 26 28 51,
TOTAL MATERTAL 104 110 21
TOTAL PART II COST 42,650 $526 $ 17 $3,193




MLLV
NON-RECURRING COSTS

PART IT1-p PLECTRICAL SYSTEM -E/M

ASSEMBLY OR SYSTEM
DESIGN ENGINEERING

ELEMENT OF COST TABLE 3.2,2.2-IV

BASIC DESIGN
1. Laboratory Technicians
Subtotal

2. Q&RA

TOTAL ENGINEERING LABOR

MATERIAL
3. Laboratory Technicians
L. Q&RA
Subtotal
5. Material and Adm. Burden

TOTAL MATERTAL

TOTAL ENGINEERING COST

251

MANHOURS

180,000

36,000

216,000
200

223,200

DOLTARS
$2,125,800
349,920

$2,475,720
: 69,984

52,545,70%

$ 75,600
—_ 2,160
$__77,760
__26,438

$ 104,198

$2,649,902



AMLIV

NON-RECURRING COSTS
EIECTRICAL SYSTEM - E/M

PART IIB ASSEMBLY OR SYSTEM

TOOLING

TABLE 3.2.2. 2_VCOLUHN 1

) COLUMN I
ELEMENT OF COST MANHQURS MANHOURS
TOOL DESIGN . 5,999
1. Lab. Tech. 1,200
TOTAL ENGR. 7,199
Fabrication and Erection ‘
Fab., & Assembly 15,889
Misc. Charges 7.8% 1,239
Maintain & Add -
In Scope Changes 1.1% 175
" SUBTOTAL {(A) 17 303
2. Tool and Productlon Planning__ 4,845
SUBTOTAL (B) 22,148
3. Direct Distributable 5,537
SUBTOTAL (C) 27,685
L. Training 305
SUBTOTAL (D) 27,990
5. O%RA 5,598
6. Manufacturing Tech. 532
TOTAL PRODUCTION LAROR 34,120
MATERTAL
7. Tooling
8. Lab. Tech.
9. Q%RA
10. Manufacturing Tech.
MATERTAL SUBTOTAL (E)
1l. Material & Adm,., Burden

TOTAL MATERIAL

TOTAL TOOLING COST

252

GOLUMN ITI
DOLIARS __

70,848
11,662

82,510

154 4k 1
12,046

1,698
168,185

47,091
215,276

53,819
269,095
2,960
272,055

54,411

6,279
$332,745

$ 77,236
2,520
1,679

N

82,366

28,004
110,370

$525,625



MLIV
PART ITB

MANUFACTURING
MANUFACTURING TEST

ELECTRICAL SYSTEM - TOOLING - E/M

ASSEMBLY OR SYSTEM
15T UNIT COST

TABLE 3.2.,2.2-VI

Element of Cost

Component Test
Component Test Planning
(1) Subtotal (A)

(2) Direct Distributable
Subtotal (B)

(3) Training
Subtotal (C)

(4} Mfg. Tech.
Subtotal (D)

(5) Q&RA
Total Mfg. Test Labor

Material

(6) Q&RA

(7) Mfg. Tech.
Subtotal (E)

(8) Matlerial & Adm. Burden
Total Material

Total Mfg. Test Cost

253

Manhours

79% $
— 20k
1,048
— 33
1,383

$

7,718
2,469
10,187
_3.259
13,446

_16.800



3.2.2.3 Instrumentation System
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TABLE 3.2.2.3-1

INSTRUMENTATION ~ E/M

MLLV COST SUMMARY Aldegdc (IN THOUSANDS)
PROGRAM MGMT. |CONT. END ITEM [FACILITIES TLOGISTICS TOTAL
ELEMENT OF COST PART I PART II PART TIT | PART IV | oo ‘
H/H $ | wH - R M/H 8
PROGRAM EXECUTIVE 7 8L v 81,
PROGRAM PLAN.&REPT. 18 209 18 209
INDUSTRIAL RELATIONS L 37 L 37
ENGINEERING 456 5,381 1,56 5,381
LAB TECHNICIANS 91| 886 91 886
TOOLING 21| 203 21 203
PRODUCTION
MANUFACTURING TEST 1 10 1 10
MANUFACTURING TECH, 1 6 1 6
Q& RA 234 229 23 229
FACILITIES
DIRECT DIST 6 5l 6 5l
TRATNING 3 3
TOTAL DIRECT LABOR 29 330 599 | 6,772 628 7,102
MATERTAL 273 273
LOGISTIC HARDWARE
BURDEN 92 92
TOTAL MATERIAL 365 365
TOTAL OTHER }
TOTAL COST 330 7,137 $7,467




MLLV

PART I

INSTRUMENTATION — E/M
ASSEMELY OR SYSTEM

TABLE 3.2.2.3-1II

Element of Cost Manhours Manhours Dollars
Direct Lab
Engineering 456
Logistics
Laboratory Technician o9
Production
Tooling 21
Manufacluring Test 1
Q&:RA 23
Facilities
Manufacturing Technician 1
Total Direct Labor 593
e ———
Program Executive 7 84
Program Planning & Reporting 18 209
Industrial Relztions . L ’ 37
Total Labor - Part I 29 - 330
Material

Program Planning & Reporting
Industrial Relations

Material Subtotal
Material & Administrative Burden

Total Material

‘POTAL COST ~ PART I © $330
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TABLE 3.2,2,3-I1I INSTRUMENTATION -~ E/M

MLLV PART II COST SUMMARY ted s ]c[] (IN THOUSANDS)

CLEMENT OF GOST ENGINRRRING PRODUCTION | PESTON & FiB. | MANGIACIURING T0TAL
M/H $ M/H $ M/H - $ M/H 3 M/H $

ENGINEERING 450 | 5,314 6 67 456 5,382
LAB TECHNICIANS 90 875 1 11 91 886
TOOLING 21 203 21 203
PRODUCTION

MANUFACTURING TEST . 1 10 1 10
MANUFACTURING TECH. 1 6 1 6
Q&RA 18 | 175 5 51 3 23 229
|DIRECT DIST 5 51 1 3 6 5L
TRATNING 3 3
TOTAL DIRECT LABOR 558 | 6,364 39 392 -2 16 599 $6,772
MATERIAL

LAB. TECHNICIANS 189 2 191
TOOLING 73 73
PRODUCTION '

MFG. TECHNICIANS 1 ‘ 1
Q&RA 6 2 8
SUBTOTAL 195 _ 78 273
MAT. & ADM. BURDEN 66 26 92
TOTAL MATERTAL 261 104 365
TOTAL PART II COST 6,625 $4,96 $ 16 $7,137




MLLV
NON-RECURRING COSTS

PART [1-p INSTRUMENTATION SYSTEM - E/M

ASSEMBLY OR SYSTEM
DESIGN ENGINEERING

ELEMENT OF COST  TABLE 3.2.2.3-1V MANHOURS

BASIC DESIGN 450,000
1. Laboratory Techniclans 90,000
Subtotal 0,000
2. Q&RA ) 18,600
TOTAL ENGINEERING LABOR 558,000
MATERTAL

e Léboratory-Technicians
4. Q&RA

Subtotal
5. Material and Adm. Burden

TOTAL MATERTAL

TOTAL ENGINEERING COST

258

DOLLARS

$5,314,500
874,800
6,189,300
74,960

6,364,260

$ 189,000
2,400

$ L9:400

66,096
$ 260,496

$6,62L,756



MLLV

NON~RECURRING COSTS

INSTRUMENTATION SYSTEM - E/M

PART IIB ASSEMBLY OR SYSTEM

TOOLING
TABLE 3.2,.2.3-V

ELEMENT OF COST

TO0L. DESIGN
1. Lab. Tech.
TOTAL ENGR.

Fatrication amd BErection

Fab, & Assembly
Misc. Charges 7.8%.
Maintain & Add

In Scope Changes 1.1%

SUBTOTAL (&)

COLUMN I  COLUMN II

MANHOURS ~ MANHOURS
5,669
1,134
6,803

1,988
1,169

T 165

16,322

Tool and Production Plamming__ 4,570

SUBTOTAL (B)

Direct Distributable
SUBTOTAL (C)
Training
SUBTOTAL (D)
Q&:RA

Manufacturing Tech.
TOTAL PRODUCTION LABOR

MATERIAL

7.
80
9.
10.

11.

Tooling

Lab, Tech.

Q&RA

Manufacturing Tech,

MATERIAL SUBTOTAL (E)

Material & Adm. Borden
TOTAL MATERIAL

TOTAL TOCLING COST

20,892

5,223
26,115
287
26,402

5,280

502
32,184

259

COLUMN III
DOLLARS

66,951
11,021

17,972

145,683
11,363

3,002
158, 64,8

Lh,42]
203,069

50,767
253,836

2,792
256,628

51,325

5,923
$ 313,876

$ 72,858
3

I, Bgz

879

77,702

26,419

104,121
$ 495,969



MLLV

PART ITB
MANUFACTURING
MANUFACTURING TEST

INSTRUMENTATION SYSTEM-TOOLING - E/M

ASSEMBLY OR SYSTEM
15T UNIT COST

TABLE 3.2.2.3-VI

Element of Cost Manhours
Component Test 49
Component Test Planning 240

(1) Subtotal (A) 989
(2) Direcl Distributable 316
Subtotal (B} 1,305
(3) Training Ay
Subtotal (C) 1,319
(4) Mfg. Tech. 25
Subtotal (D) 1,344
(5) Q&RA 26
Total Mfg. Test Labor _ 1,608
Material
(6) Q&RA

(7) Mfg. Tech.
Subtotal (E)

(8) Material & Adm. Burden
Total Material

Total Mfg. Test Cost

260

$

$

Duollavs
7,280

2,329
9,609
_3.0%
12,683
—_—a39
12,822
29
13,117
2,564
5,651

79

123

165
15,846



3.2.2.4 Flight Control System
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TABLE 3.2.2.4-I FLIGHT CONTROL ~ E/i

coc

MLLV COST SUMMARY ARBs]c (I3 THOUSAMDS)
PROGRAM MGMT. {CONT. END ITEM {FACILITIES LOGISTICS TOTAI
FLEMENT OF COST PART I PART II PART ITT | PART IV OPHER _
/M s {we | 8 B s |5 s M/H 3

PROGRAM EXECUTIVE 3 37 3 37
PROGRAM PLAN.& REPT. 8 95 8 95
INDUSTRIAL RELATIONS 2 17 2 17
ENGINEERING 141 | 1,659 141, 1,659
LAB TECHNICTIANS 28 | 273 28 273
TOOLING - 76 736 76 736
PRODUCTION '
MANUFACTURING TEST 1 9 _ 1 9
-MANUFACTURING TECH. 2 21 2 21
Q& RA ’ 21, 235 2 235
FACILITIES
DIRECT DIST 19 187 19 187
TRAINING 1 10 1 10

TOTAL DIRECT LABOR|. 13 149 292 | 3,130 304 3,219
MATERTAL 165 165
LOGISTIC RARDWARE
BURDEN ' 56 56

TOTAL MATERIAL 221 221
TOTAL OTHER
TOTAL COST 149 3,351 $3,500




MLLYV

PART I

FLIGHT CONTROL - E/M
ASSEMBLY OR SYSTEM

TABLE 3.2.2'4-II

Element of Cost Manhours Manhours Dollars

Direct Labor

Engineering 140

Logistics
Laboratory Technician 28
Production
Tooling 76
Manufacturing Test 1
Q&RA : : 2
Facilities
Manufacturing Technician 2
Total Direct Labor 271
Program Executive 3 37
Program Planning & Reporting 8 95
Industrial Relations 2 17
Total Labor - Part I i3 $149
Material

Program Planning & Reporting
Industrial Relations

Material Subtotal
Material & Administrative Burden

Total Material

‘POTAL COST ~ PART I $149
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TABLE 3.2.2.4~IIT FLIGHT CONTROL - /M

¥9tc

MLLV PART II COST SUMMARY AR 50 c[] (IN THOUSANDS)
T a
PLEVENT OF GOST ENGINEERING prODUCTION | PRSTRN & FAB. | MANEACTURING TOTAL
M/H $ M/H $ mE | ¢ M/H 3 M/H $
ENGINEERING 1920 | 1,417 2L) 242 141 1,659
LAB TECHNICIANS 2l 233 I 40 28 273
TOOLING 76| 736 76 736
PRODUCTION
MANUFACTURING TEST 1 9 9
MANUFACTURING TECH. 5 o1 2 21
Q&RA 5 L7 19| 186 2 2 235
|DIRECT DIST 19 184 3 19 187
TRATNING 1 10 1 10
TOTAL DIRECT LABOR 149 | 1,697 142 ] 1,419 1 14 292 3,130
MATERIAL
LAB. TECHNICIANS 51 9 60
TOOLING 95 95
PRODUCTION
MFG. TECHNICIANS 3 3
Q&RA 1 6 7
SUBTOTAL 52 113 165
MAT. & ADM. BURDEN 18 38 56
TOTAL MATERIAL 70 151 221
TOTAL PART IT COST $1,767 $1,570 $ 1 $3,351




MLLY
NON-RECURRING COSTS

PART I1-A_ FLIGHT CONTROL - E/u

ASSEMBLY OR SYSTEM

DESIGN ENGINEERING

TABLE 3.2.2.4-1IV
ELEMENT OF COST

BASIC DESIGN
1. Laboratory Technicians
Subtotal

2. Q&RA

TOTAL ENGINEERING LABOR

MATERIAL
3+ Laboratory Technicilans
4. Q&RA
Subtotal
5. Material and Adm. Burden

TOTAL MATERIAL

TOTAL ENCINEERING COST

‘265

MANHOURS

120,000

000 _-

000

4,800

148,800

" DOLTARS

$1,417,200
233,280
$1,650,480

46,656

$1,697,136

$ 50,400
1,440
$ __51,840
17,626

$ 69,466

$1,766,602



AMLLV

NON-RECURRING COSTS
FLIGHT CONTROL - E/M

PART ITB ASSEMBLY OR SYSTEM

TOOLING

TABLE 3.2.2.4-V

ELEMENT OF COST

TOOL DESIGN
1. lab. Tech.
TOTAL ENGR.

Fabrication and Erection

Fab, & Assembly
Misc. Charges 7.8%
Maintain & Add

In Scope Changes 1.1%

SUBTOTAL (&)

COLUMN I COLUMN 1T
MANHOURS MANHOURS
20,503
101
21,604
54,300
1,235
597
132

2. Tool and Production Planning 16,557

SUBTOTAL {B)

3. Direct Distributable
SUBTOTAL (C)

4. Training
SUBTOTAL (D)

5. Q&RA

6. Mamufacturing Tech.
TGTAL PRODUCTION LABOR

MATERTAL

7. Tooling

8. 1lab, Tech.

90 %RA.
10, Mamufacturing Tech.

MATERIAL SUBTOTAL (E)

11, Materizl & Adm. Burden
TOTAL MATERIAL

TOTAL TOOLING COST

75,689

18,922
Ok, 611

1,051
95,652

19,131
1,817
116,600

266

COLUMN III
DOLLARS

242,140

39,858
281,998

527,796
41,168

SN0
5,806
574,770

160,935
735,705

183,926
919,631
10,116

929,747

185,948
21,463
$1,137,158

95,025
8,612

2,739
3,180
112,556

38,269

150,825
$1,569,981



MLLV
PART 1IB

MANUFACTURING
MANUFACTURING TEST

FLIGHT CONTROL-TOOLING - E/M

ASSEMBLY OR SYSTEM
13T UNIT €OST

TABLE 3.,2,2,4-VI

Element of Cost

Component Test
Component Test Planning
(1) Subtotal (A)
(2} Direct Distriﬁutabze
Subtotal (B)
(3) Training
Subtotal (C)
(4) Mfg. Tech.
Subtotal (D)
(5) Q&RA
Total Mfg. Test Labor
Material
(6) Q&RA
(7) Mfg. Tech.
Subtotal (E)
(8) Matlerial & Adm. Burden
Total Material

Total Mfg. Test Cost

267

Manhours

646
—207
853

— 273
1,126
— 12
1,138
——22
1,160

228

1,388

Bullars

$ 6,279
_2,009
8,288
2,652
10,940

120

11,060

& _13,668



3.2.2.5 System Assembly
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SYSTEMS ASSEMBIY - B/
TABLE 3.2,2,5-T

69¢

MLLV COST SUMMARY AR BJc] (IN THOUSANDS)
PROGRAM MGMT. |CONT. END ITEM [FACILITIES LOGISTICS TOT AL
ELEMENT OF COST PART T PART IT PART ITI | PART IV OTHER ‘
wr | s | wm | B s [F] s M/H ;
PROGRAM EXECUTIVE v 78 i 78
PROGRAM PLAN.& REPT. 7 197 17 197
INDUSTRIAL RELATIONS L 35 A 35
ENGINEERING 4501 5,314 450 5,31
LAR TECHNICIANS 90! 875 90 875
TOOLING '
PRCDUCTION g

MANUFACTURING TEST

MANUFACTURING TECH.

Q&R A 18§ 175 18 175
FACILITIES :
DIRECT DIST
TRAINING
TOTAL DIRECT LABOR 28 310 558 { 6,364, 586 6,674
MATERIAL 195 195
LOGISTIC HARDWARE
BURDEN 66 66
TOTAL MATERIAL 22; 261
TOTAL OTHER

TOTAL COST 310 6,625 $6,935




MLLV

PART 1

SYSTEMS ASSEMBIY - E/M
ASSEMBIY OR SYSTEM

TABLE 3.2.2.5-11

Element of Cost

Direct Labor

Engineering

Logistics

Laboratory Teéhnician
Production

Tooling

Manufacturing Test
Q&RA

Facilities

Manufacturing Technician

Total Direct Labor

Program Executive
Program Planning & Reporting

Industrial Relations

Total Labor - Part I

Material

Program Planning & Reporting
Industrial Relations

Material Subtotal

Material & Administrative Burden

Total Material

TOTAL COST - PART I

Maphours Manhours
450
90
18
558
f———————— ]
7
17
F
28

270

Dollars

78
197
35

$310

$310
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TABLE 3.2.2,5-III SYSTENS ASSHHBLY ~ B/

MLLV PART II COST SUMMARY ~igj2[Jc[] (IN THOUSANDS)

DESIGN DESIGN & FAB. MARUFACTURING
CLEVENT OF COST ENGINEERING PRODUCTION TOOLING TEST TOTAL
M/H $ M/H $ M/H $ M/H 3 M/H $

ENGINEERING 450 | 5,314 450 5,314
LAB TECHNICIANS 90 875 90 875
TOOLING

PRODUCTI ON
MANUFACTURING TEST
MANUFACTURING TECH.

Q&RA 18 175 18 175
{DIRECT DIST
‘TRAINING

TOTAL DIRECT LABOR 558 | 6,364 . 558 6,36k
MATERIAL

LAB. TECHNICIANS 189 189
TOOLING

PRODUCTION

MFG. TECHNICIANS

Q&RA 6 6

SUBTOTAL 195 195

MAT. & ADM. BURDEN 66 66
| TOTAL MATERIAL 261 261,
TOTAL PART II COST 56,625 $6,625




MLLV
NON-RECURRING COSTS

PART TT-a SYSTEMS ASSEMELY - E/M
ASSEMBLY OR SYSTEM
DESIGN ENGINEERTNG
TABLE 3.2.2.5-IV

ELEMENT OF COST

BASIC DESIGN
1. Laboratory Techmicians
Subtotal

2. Q&RA

TOTAL ENGINEERING LABOR

MATERTAL
3. Laboratory Technicians
L. Q&RA
Subtotal
5. Material and Adm. Burden

TOTAL MATERTAL

TOTAL ENGINEERING COST

272

MANHOURS

450,000
90,000
540,000

18,000

558,000

DOLLARS

$5,314, 500
8?42800
$6,189,300

174,960

$6,36k ,260

# 189,000
5,400
194,00
66,09

£

L= e

260,496

$6,62L,756



3.2,3 Injection Stage Liquid Engines
The Get Ready Costs for the 125K thrust high pressure engines were developed

from the parametric cost data supplied by Pratt and Whitney, and are displayed
in Table 3.2.3.0-1,
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TABLE 302.3.0'—1
MLLV COST SUMMARY

ENGINE MODULE ENGIWES

ABBs[Jc

(I¥ THOUSANDS)

ELEMENT OF COST

PROGRAM MGMT.

CONT. END ITEM
PART T FART II

FACILITIES I,OGISTICS

M/H $ M/H

OTHER

TOTAL

PROGRAM EXECUTIVE
PROGRAM PLAN. & REPT.
INDUSTRIAL RELATIONS
ENGINEERING

LAB TECHNICIANS
TOOLING

14,000

17,200

PRODUCTION

4,200

- MANUFACTURING TEST

MANUFACTURING TECH.

Q&RA

FACILITIES

DIRECT DIST

TRAINING

TOTAL DIRECT LABOR

35,400

MATERIAL

LOGISTIC HARDWARE

BURDEN

TOTAL MATERTAL

TOTAL OTHER

*19,465

*19,465

TOTAL COST

19,465

54,865

* GSE, Facilities




MLLV
ENGINE MODULE

ENGINES

TABLE 3.2,3.,0~1T

HAM - CQSTS
Engineering
Test
Equipment
Tooling (Basic)

Fabrication

Subtotal

Production

Tooling (Basic)

Eqﬁipment

G5E
Subtotal
Total

* 125,000 THRUST

275

$14.0M

.5M

4.9M

$19. 1M

$12.3M
3.7M
6.1M

$22.1M

$u1.5M

"M & "B" Costs $183.0M



MLLV
ENGINE MODULE
LIQUID ENGINE FACILITTES AWD EQUIPMENT

TABLE 3.2.3.0-III

Facilities

Non-Recurring

Injection Stage $ 6,962,000

276

Equipment

$ 6,403,000



3.2.4 Ground Support Equipment (GSE) -~ Injection Stage Engine Module
The Get Ready Cost for the engine module GSE includes:
Test and Checkout Equipment:

Electrical test station

Mechanical test station

Data system test station

Interconnecticn equipment

Checkout auxiliary equipment

Test, checkout, calibration and maintenance equipment
Subsystems, test equipment

Subassemblies and parts test

Data processing station

Handling and Transportation Equipment:
Stage handling equipment
Component handling equipment

Stage transportation equipment

The Get Ready Costs associated with this equipment is displayed in Table 3.2.4.0-I.
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TABLE 3,2.4.0-I

MLLV COST SUMMARY ENGINE MODULE - GSE

INAEINldn; . (It THOUSA'DS)
PROGRAM MGMT. [CONT. END ITBM [FACILITIES LOGISTICS -~ |
SLEMENT OF COST PART I PART II PART ITI | PART IV | ... .
M/H $ | wa IS M/, $
PROGRAM EXECUTIVE 6 68 6 68
PROGRAM PLAN.& REPT. 1¢ 171 15! 171
INDUSTRIAL RELATIONS| o 30 3 30
ENGINEERING |
LAB TECHNICIANS ':
TOOLING - 363 | 3,527 363 . 35 527
PRODUCTION 1
MANUFACTURING TEST 17 167 17 . 167
MANUFACTURING TECH. 9 308 9 108
Q& RA 97 938 97 938
FACILITIES : 3
DIRECT DIST 96 935 96 ! 935
TRATNING 5 51 5 4 51
TOTAL DIRECT LABOR| 24 269 587 | 5,726 611 | | 5,995
MATERTAL 1 1,047 | 1,048
LOGISTIC HARDWARE 1
BURDEN K6 ‘, 356
TOTAL MATERIAL 1 1,403 1] 1,404
TOTAL OTHER i
TOTAL COST 270 75129 7,399




MLLV
NON- RECURRING

PART I

GSE - B/M
ASSEMBLY OR SYSTEM
TABLE 3.2.4.0-II

Element of Cost Manhours Manhours
Direct Labor
Engineering
Logisiics

Laboratory Teéhnician

(In Thousands)

Dollars

68
171
30

269

.Production
Tooling 363
Manufactluring Test 17
Q&RA 97 -
. Pacilities
Manufacturing Technician 7
Total Direct Labor Lal
f——— .
Program Executive 6
Program Planning & Reporting | 15
Industrial Relations 3
Total Labor - Part I 2L
Material

Program Planning & Reporting
Industrial Relations

Material Subtotal
Material & Administrative Burden

Total Material

TOTAL: COST ~ PART I
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270
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MLLV PART II COST SUMMARY

GSE - ENGINE MODULE

t[@ s0c[] (IN THOUSANDS)
FLENENT OF COST migINERINg | PRODUCTION | DESTEN £ MUB. | MAVERETURING ? TOTAL
M/H $ M/H $ M/H $ M/H b - M/H $
ENGINEERING }
LAB TECHNICIANS |
TOOLING 363 | 3,527 . 363 3,527
PRODUCTION é
MANUFACTURING TEST 17 167 oy 167
MANUFACTURING TECH, 8 103 5 i 9 108
Q&RA 92 892 5 we | . 9y 938
|DIRECT DIST 91 882 5 53 9% 935
‘TRAINING : 1o 2 g 5 51
TOTAL DIRECT LABOR 559 | 5,453 28 273 T 587 55726
mRIAL i|
LAB. TECHNICIANS ‘,
TOOLING 1,002 ’« 1,002
PRODUCTION 1
MFG. TECHNICIANS 15 1 i 16
Q&RA 28 1 % 29
SUBTOTAL 1,045 2 | 1,047
MAT. & ADM, BURDEN 355 1 '5 356
| TOTAL MATERIAL 1,400 3 ‘, 1,403
TOTAL PART II COST 6,853 276 : 7,129




MLLV

NON-RECURRING COSTS

GSE - E/M

PART ITB ASSEMBLY CR SYSTEM

TOOLING

TABLE 3.2,.4.0-1IV

ELEMENT OF COST

TOOL DESIGN
1l. ZLab. Tech.
TOTAL. ENGH.

Fabrication and Erection

Fab, & Assembly

Misc. Charges

Maintain & Add
In Scope Changes

SUBTOTAL (A)

vorUMN I

MANHOURS

260,344
20,307
2,864

283,515

2. Tool and Production Plamning_ 79,384

SUBTOTAL (B)

3. Direct Distributable
SUBTOTAL (C)

4. Training
SUBTOTAL (D)
5. Q&RA

6. Manufacturing Tech.
TOTAL PRODUCTION LABOR

MATERIAT,

7. Tooling
8. Lab. Tech.
9. Q&RA
10. Mamufacturing Tech.

MATERIAL SUBTOTAL (E)

11. Material & Adm. Burden
TOTAL MATERIAL

TOTAL TOOLING COST

362,899

90,725
53,624

. 4,990
458,614

91,723
8,714

559,051
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COLUMN II

MANHOURS

COLUMN IIIX
DOLIARS

(In Thousands)
2,531
_ 197
28

2,756

3,527

882
4,409
49
,l58
892
103
5,153

28

1,045

. 1100

6,853



MLLV

PART TIB
MANUFACTURING
MANUFACTURING TEST

GSE - E/M

ASSEMBLY OR SYSTEM
NON-RECURRING

TABLE 3.2.4.0-V _ _ - -

Total Mfg. Test Cost

282

‘Elemént of Cost Manhours Doliars
Component Test 13,017 126,525
Component Test Planning 4,165 Lo,484

(1) Subtotal (4) 17,182 167,009
(2} Direct Distributable 5,408 53,441
Subtotal (B) ;;:gga“ ;;5:;;5‘
{3} Training 249 2,420
Subtotal (C) EE:;%;— EEE?%;E_
(4) Mfg. Tech. 436 5,149
Subtotal (D} 23,365 228,019
(5) Q&RA 4,673 45, b2
Total Mfg. Test Labor 28,038 273,441
Material
(67 Q&RA 1,402
(7) Mfg. Tech. 763
Subtotal (E) 2,165
(8) Material & Adm. Burden 736
Total Materlal 2,901

276,342



MLLYV
PART IT

NON-RECURRING COST
GSF - E/M

ASSEMBLY CR SYSTEM

TABLE 3.2.4.0-VI

ELEMENT OF COST MANBOURS MATERTAT

Test & C/0 Equipment:

General Equip. 8,247 $ 31,751
Elec. Test Staticn 269 1,036
Mech. Test Station 559 2,152
Data Systems Test Station 1,258 4,843
Interconnect Equip. : 8,683 33,430
C/0 Auc. Equip. 13,398 51,582
Test, C/0, Calif. & Maint. BEquip. 286 1,101
Sub Systems Test Equip. 43,258 166,543
Sub Assewblies & Parts Test 48,858 188,103
Data Processing Station 68 262
Engine Test & C/0 Equip. 20,722 79,780

Handling & Transportation Equip :

General Equip. h,012 15,446
Stage Handling Equip. 9L, 560 364,056
Component Handling Equip. 12,771 49,168
Stage Transportation Equip. 2,423 9,329
Engine Handling Equip. a2 3,742
TOTAL MGSE : 260,344 $1,002,324
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3.2.5 Manufacturing Facility - Injection Stage Engine Module

Get Ready Costs associated with the Engine Module for additions to the Main.
Stage manufacturing building, post manufacturing, and stage test building
and the office building plus the additional capital equipment are displayed in
Table 3.2.5.0~1.

Transportation costs are also included for such items as barges, the tow
vehicle, the land transporter, and the cost for the barge trip from the
manufacturing facility to the launch site,

For a detailed description of the manufacturing facility refer to Volume IiI of
this report.
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TABLE 3.2.5.0-I

MLLV COST SUMMARY MANUFACTURING FACILITIES - ENGINE MODULE 4 [A g Oc]
PROGRAM MGMT.

CONT. END ITEM [FACILITIES| L,OGISTICS
ELEMENT OF COST PART T PART I PART III | PART IV

i

1

§

!

OTHER !

fan] |

M/H $ M/H $ = ,

= T = R M/H

=
PROGRAM EXECUTIVE

PROGRAM PLAN.& REPT.

INDUSTRIAL RELATIONS

\

%

ENGINEERING l
LAB TECHNICIANS

TOOLING

PRODUCTION

MANUFACTURING TEST

MANUFACTURING TECH.

Q& RA

FACILITIES

DIRECT DIST

TRATNING

TOTAL DIRECT LABOR
MATERTAL

LOGISTIC HARDWARE
| BURDEN

TOTAL MATERIAL
TOTAL OTHER

53,395 53,395
TOTAL COST

53,395

535395




‘MLLV
REGURRING COST SUMMARY
ANNUAL

MFG. FAC. - ENGINE MODULE
FACILITIES & TRANSPORTATION -
(DOLLARS IN THOUSANDS)

TABLE 3.2.5.0-I1

Element of Cost Facilities .Equipment Transportation

Manufacturing Bldg. 2h,625 13,439
Vertical Assy. Bldg. 3,850 1,381
Post Mfg. & Stage Test Bldg. 1,200 100
Office 4,069 529
Subtotlal b, 184 15,449

Transportalion

ﬁzggﬁehicle 2’332
Land Transporter l,igz__ﬂm“_
Subtotal 3,502
Totals
Tranéportation’ 3,802
Equipment _15,449
Facilities _ : 3,144

(1) Barge Trips

TOTAL MANUFACTURING FACILITIES
ANNUAL RECURRING COST 53,395
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3.2.6 Launch Complex Facility - Injection Stage Engine Module

The share of the Launch Complex Facility for the injection stage -~ engine module
consists of an appropriate allocation of land, buildings, utility systems,
machinery, laboratory equipment, electronic equipment, furniture, office
equipment, vehicles and other equipment used in launching operations.

The costs of this facility associated with the engine module are displayed in
Table 3.2.6.0-1.
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TABLE 3.2.6.0-I

CONT. END ITEM

MLLV COST SUMMARY LAUNCH COMPLEX FACILITY - ENGINE MODULE
PROGRAM MGMT.

A g c]

ELEMENT OF COST

PROCGRAM EXECUTIVE

PART T

PART II

"ACTLITIES
PART IIT

LOGISTICS
PART IV

M/H

$

M/H

$

2]

=

$

M/ H

$

OTHER

PROGRAM PLAN.& REPT.
INDUSTRIAL RELATIONS
ENGINEERING

€hy

LAB TECHNICIANS

TOOLING

PRODUCTION

MANUFACTURING TEST

MANUFACTURING TECH.

Q& RA

FACILITIES

DIRECT DIST

TRAINING

TOTAL DIRECT LABOR

MATERIAL

LOGISTIC HARDWARE

BURDEN

TOTAL MATERTAL

TOTAL OTHER

TCTAL GOST

2,100

2,100

2,100

2,100




MLLY

LAUNCH COMPLEX FACILITIES
NON-RECTURRING
DOLLARS TN THOUSANDS

TABLE 3.2.6.,0-II

BRICK ANWD MORTAR

[ R, AWARE O I oo
L I ]

Site Development Canal, Hyd. Fill, elc.
Reenforce Concrete Launch Pad (Flame Deflect)
Propellant Storage and Tansfer and Disposal

Systems
Lawnch and Test Control Center
0ff-Site Support Complex
Stage Storage Acceptance Test &

GROUND SUPTORT LQUIPMENT

~ O W o
- L)

Gentry Equipment

Unleoading Crane

Service Structure

Umbilical Tower

SRM Aft Support Structure

SRM Fwd. Attach.

Core Support and Hold Down Boom

EQUIPMENT (GENERAL)

1-
2.

Test
Off-Site Support

TOTAL LAUNCH PACILITTES

NOTE:

Checkout

Estimated 481,547 - Single Stage
BEstimated 2,100 - Engine Module ag———
Bstimated 162,470 - Solid Rocket Motor

646,117
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$ 46,000
188, 500

79,087
23,800
31,613

4,250

129,150

20,164

$ 373,250

$ 123,533

$ 149,334
$ 646,117



THIS PAGE INTENTIONALLY LEFT BLANK

292



PRECE GE B
\ELEDING paGE BLANK nOT FILMED

3.3 INJECTION STAGE - FUEL MODULE

The Get Ready Costs for the injection stage ~ fuel module are displayed in
Figure 3.3.0.0-1. Basically, this cost consists of only the additional cost
associated with designing the structure for the fuel module. Engines,
systems, GSE, manufacturing and launch facilities costs, shown in 3,2.2
through 3.2.6, are adequate to support the fuel module requirements,
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FUEL MODULE
$710

3.3.0.0

DELTA
STRUCTURES

$710
3.3.1.0

NOTES:
DOLLARS ARE IN THOUSANDS,
NUMBERS IN LOWER RIGHT CORNER
DESIGNATE APPLICABLE SECTION
NUMBER FOR COST DETAILS,

FIGURE 3.3.0.0-1 MLLV INJECTION STAGE FUEL MODULE GET READY, "A' COSTS
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TABLE 3.3.0.0-I

MLLV COST SUMMARY FUEL MODULE A@BOc] (I THOU3ADS)
PROGRAM MGMT. [CONT. END ITEM FACILITIES LOGISTICS o
FLEMENT OF COST PART T PART II PART ITT | PART IV | oproe R
M/H $ | w/m MRS M/H 3
PROGRAM EXECUTIVE 1 7 7 5
PROGRAM FPLAN.& REPT. 2 19 2 19
INDUSTRIAL RELATIONS 3 3
ENGINEERING 45 532 L5 532
LAB TECHNICIANS 9 106 9 106
TOOLING
PRODUCTION
MANUFACTURING TEST
MANUFACTURING TECH.
Q& RA 2 17 2 17
FACILITIES '
DIRECT DIST
TRAINING
TOTAL DIRECT LABOR| 3 29 56 655 | 59 68l
MATERIAL 19 19
LOGISTIC HARDWARE
BURDEN Vi .
TOTAL MATERIAL 7 26 o6
TOTAL OTHER
TOTAL COST 29 681 0




3.3.1 Structures
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TABLE 3.3.1.0-T
MLLV COST SUMMARY

STRUCTURES - FUEL MODULE

2B s[0c]

(1% THOUSA'DS)

PROGRAM MGMT. |CONT. END ITEM |[FACILLITIES} LOGISTICS MM AT
ELEMENT OF COST PART T PART IT PART TIT | PART IV OTHER ‘ Aola
M/H $ | wm | o 1F s (S ¢ M/H 8

PROCRAM EXECUTIVE 1 1 =
PROGRAM PLAN.& REPT. » 19 > 19
INDUSTRIAL RELATIONS 3 3
ENGINEERING s 532 15 532
LAB TECHNICIANS 9 106 9 106
TOOLING
PRODUCTION
MANUFACTURING TEST
MANUFACTURING TECH.
Q& RA 2 17 2 17
FACILITIES .
DIRECT DIST
TRAINING

TOTAL DIRECT LABOR 3 29 56 655 59 &8L
MATERIAL 19 19
LOGISTIC HARDWARE
BURDEN 5 5

TOTAL MATERTAL 26 26

TOTAL OTHER

TOTAL COST
29 681 710




MLLY
NON-RECURRING
PART I
DESIGN - F/M
ASSEMBLY OR SYSTEM
TABLE 3.3.1,0-II ~

Element of Cost i Manhours Manhours Dollars
(In Thousands)
Direct Labor
Enginecring 45
Logistics
Laboratory Technician 9
Produclion
Tooling
Manufacluring Test
Q&RA 2
Facilities
Manufacturing Technician
Total Direct Labor 56
p————————
Program Executive 1 7
Program Planning & Reporting | 2 9
Industrial Relations - | 3
Total Labor - Part I 3 29
Material
Program Planning & Reporting
Industr;al Relations
Material Subtotal
Material & Adminisirative Burden
29

Total Material

TOTAL COST -~ PART I
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TABLE 3.3.1.0-III

¥ZIV PART II COST SUMMARY DESIGN - FUEL MODULE s =0dc]  (IN THCUSANDS,
DESIGN DESIGN & FiE, | MADUZAlTTRING maT
SLEMENT OF COST ENGINEERING PRODUCTION TOOLING R TOTAL
M/H $ M/H $ M/H $ o E M/H 3
INGINEERING L5 532 L5 532
_AB TECHNICIANS 9 106 9 106
TO0LING
ZRODUCTI ON
VANUFACTURING TEST
¥ANUFACTURING TECH.
L &RA 2 17 2 17
DIRECT DIST
TRAINING
__E‘T)TAL DIRECT LABOR 56 655 56 655
7 TERIAL
148, TECHNICIANS
~O0LING
PRODUCTION
¥FG. TECHNICIANS 18 18
LERA 1 1
SVBTOTAL 19 19
MAT. & ADM. BURDEN o 5
TOTAL MATERIAL o6 26
2CTTAL  PART IT COST 681 681




MLLV
NON-RECURRING COSTS

paRT TT  DESIGN - F/M
ASSEMBLY OR SYSTEM

DESIGN ENGINEERING
TABLE 3.3.1-0_IV

_BLEMENT OF COST_. ~-— =~ ~MANHOURS "~ DOLLARS
HASIC DESTGN ' 15,000 531,450
1. Laboratlory Technicians 9,000 106,290
Subtotal 514,000 637,750
2. Q&RA 1,800 17,496
TOTAL ENGINEERING LABOR 55,800 655,236
MATERTAL

3. Laboratory Technicians 18,900
. QSRA 50
Subtotal 19,440
5. Material and Adm. Burden 6,610
TOTAL MATERTAL 26, 050

TOTAL ENGINEERING COST

681,286
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3.4 SRM STAGE FIXED COST

The Get Ready Costs associated with the SRM's were classified into two categories,
i.e.: (1) SRM fixed costs, and (2) SRM quantity sensitive costs. This was
necessary in order to compensate for the various combinations of SRM's that can
be used within the baseline AMILI,V vehicle family i,e., 2 10 8 SRM's-per

vehicle,

The Get Ready Costs in this paragraph are for those items which are not considered
quantity sensitive to the number of SRM's per vehicle, i.e.:

a. The delta cost associated with designing the alternate (heavy weight) forward
 skirt.

b. The design of the other structures.
¢. The design of the SRM motor.
d. The Launch Complex Facility.

The costs shown for the GSE and production facility are based on providing for a
production rate of £ SRM's per year.

The total "FIXED" Get Ready Costs are shown in Figure 3.4.0.0~1.
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SRM STAGE
FIXED

$270, 581
3.4.0.0

DELTA FWD,
SKT.
$19, 729

3.4.1.0

STRUCTURE
$32 745

3.4.2.0

 MOTOR
$44, 131

3.4.3.0

NOTES:
DOLLARS ARE IN THOUSANDS,
NUMBERS IN LOWER RIGHT CORNER
DESIGNATE APPLICABLE SECTION
NUMBER FOR COST DETAILS,

FIGURE 3.4.0.0-1 MLLV SRM STAGE FIXED COST GET READY, "A" COSTS
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TABLE 3.4.0.0-1

MLLV COST SUMMARY TOTAL SRM STAGE (FIXED) AEB3 s c] (I, THOUSANDS)
PROGRAM MGMT. |CONT. END ITEM [FACILITIEY [,OGISTICS TOTLI
ELEMENT OF COST PART I PART II PART IIT | PART IV | oo -
M/E $ | ww | s 5 s (5 ¢ M/H 3
PROGRAY EXECUTIVE 55 651 55 651
PROGRAM PLAN.& REPT. 138 | 1,629 138 1,629
INDUSTRIAL RELATIONS 31 298 31 298
ENGINEERING 1,005 | 11,875 1,005 11,875
LAB TECHNICIANS 159 | 1,542 159 1,542
TOOLING 2,271 | 22,070 2,271 22,070
PRODUCTION
MANUFACTURING TEST 38 968 38 368
MANUFACTURING TECH. 55 654 55 654
Q& RA | 501 | 5,7un 591 5,7k
FACILITIES
DIRECT DIST 580 | 5,636 580 5,636
TRATNING 33 308 33 308
TOTAL DIRECT LABOR| o224 | 2,578 | 4,732 | 48,197 4,956 50,775
MATERTAL 6 4, 660 Ly, 666
LOGISTIC HARDWARE
BURDEN 1,164 1,164
TOTAL MATERIAL 6 45,824 45,830
TOTAL OTHER 170,904, *3,072 173,976
TOTAL COST 2,584 o, 021} {170,904 3,072 270,581

* GSE
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3.4.1 Delta Costs for the Alternate (Heavy Weight) Forward Skirt
The Get Ready Costs shown in this section are those associated with designing

the heavy weight forward skirt. This cost is a delta which is over and above
the cost of the standard (lightweight) forward skirt.
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TABLE 3.4.1,0-I

MLLV COST SUMMARY DELTA FORWARD SITRT AE RO c] (I TH0USADS)
PROGRAM MGMT. [CONT. END ITEM [FACILITIES LOGISTICS .
ELEMENT OF COST PART I PART II PART 11| PART TV | .. jomvia
M/H ol wE | s s |5 s /3l 3
PROGRAM EXEGUTIVE 18 209 " s
PRCGRAM PLAN.& REPT. Lol 523 4! 523
INDUSTRIAL RELATTONS 10 97 10, 93
ENGINEERING 3361 3,972 336 1 3,972
LAE TECHNICIANS 67 65k 67 1 654
TOOLING . 799 | 7,763 799 | 7,763
PRODUCTION |
MANUFACTURING TEST 38 368 38 i 368
'MANUFACTURING TECH. 20 237 | 0g | -
Q& RA | 217 | 2,106 217 | 2,106
FACILITIES " |
DIRECT DIST 212 | 2,059 212 2,059
TRATNING 12| 112 12 | 112
TOTAL DIRECT LABOR| 72 | 825 | 1,701 | 17,271 1,773 | 18,096
MATERTAL 3 1,218 _ ‘ 1,221
LOGISTIC HARDWARE |
BURDEN 412 ; h21
TOTAL MATERIAL 3 1,630 | 1,633
TOTAL OTHER g
i
TOTAL COST 828 18,901 {19,729




MLLV

PART I
DELTA FWD. SKIRT
ASSEMBLY OR SYSTEM (IN THOUSANDS)
TABLE 3,4.1.0-1II
Element of Cost Manhours Manhours . Dollar:
Direct Laboy
Enginecring 336

Logislics -
Laboratory Technician 67

Production

Tooting 799
Manufacturing Test 38
Q&RA 216
Facilities -
Manufacturing Technician 20
Total Direect Labor 1,476
e ——
Program Executive 18 209
Program Planning & Reporting N 523
Industrial Relations ’ 10 93
Total Labor - Part I 72 . 825
Material
Program Planning & Reporting 2
Industrial Relations 1
Material Subtotal 3
Material & Adminislrative Burden 0
Total Material 3
TOTAL COST - PART I 828
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TABLE 3.4.1.0-IIT . i
MLLV PART II COST SUMMARY DELTA FORWARD SKIRT : tE 3¢ (IN THOUSANDS)

80¢g

TFACT R NG
SLEMENT OF COST ENGINEERING PropUCTION | DESTRN & FAB. | MARCTAFURING % TOTAL
M/H $ M/R $ M/H 3 $
ENGINEERING 120 1,417 216 2,555 3,972
LAB TECHNICIANS 24 233 43 Loy 654
TOOLING | 799 | 7,763 7,763
PRODUCTION
MANUFACTURING TEST 38 368 368
MANUFACTURING TECH. 19 226 1 11 237
Q&RA 5 L6 202 | 1,962 10 98 2,106
|DIRECT DIST 200 | 1,941 12 118 2,059
TRAINING 07 5 109
TOTAL DIRECT LABOR | 149 [ 1,696 1,000 | 14,975 62 600 17,271
MATERTAL
LAB. TECHNICIANS 51 59 110
TOOLING 1,007 1,007
PRODUCTION _
MFG. TECHNICIANS 3 2 36
Q&RA 2 60 33 . 65
SUBTOTAL 53 1,160 5 1,218
MAT. & ADM. BURDEN 17 394 N 112
| TOTAL MATERIAL 70 ‘1,554 6 1,630
TOTAL PART IT COST 1,766 16,529 606 18,901




AMLLV
NON-RECURRING COSTS

PART II1-A DELTA FOWARD SKIRT
ASSEMBLY OR SYSTEM

DESIGN ENGINEERING

ELEMENT OF COST

BASIC DESIGN
1. Laboratory Technicians
Subtotal

2. Q&RA

TOTAL ENGINEERING LABOR

MATERTAL
Fe ‘Léboratory Technicians
4. Q&RA
Subtotal
5. Material and Adm. Burden

TOTAL MATERTAL

S

TOTAL ENGINEERING COST

309

TABLE 3.4.1.0-IV

MAWHOURS .

120,000

24,000

1hl, 000

4,800

148,800

DOLLARS

1,416,950

.232,880
1,649,830

— 16,176

1,696,006

90,900

1,740

52,640

—17,580
70,220

1,766,226



- MLLV
NON-RECURRING COSTS

DELTA FORWARD SKIRT
PART IT ASSEMBLY OR SYSTEM

TOOLING
TABLE 3.4.1,0-V
wurJMN T COLUMN IT COLUMN IIT
ELEMENT OF COST _-MANHOURS- — ~MANHOURS DOLTARS
TOOL DESIGN 216,354 2,555,140
1. 1ab. Tech. 43,271 k20,592
TOTAL ENGR. 259,625 2,975,732

Fabrication and Erection

.Fab. & Assembly 572,973 5,569,297

Misc. Charges L 692 434,405
Maintain & Add

In Scope Changes 6,303 61,262

SUBTOTAL 623,968 6., 068,964

2. Tool and Production Plarmingl?4,711 1,698,191

SUBTOTAL 798,679 7,763,155

3. Direct Distributable © 199,669 1,940,789

SUBTOTAL 9983, }48 - 9,703,944

4. Training 10,982 ' 106,744

SUBTOTAL 949,330 9,810,688

5. Q&RA ~ 201,866 1,962,138

6. Manufacturing Tech. . _ 19,177 226,483

TOTAL PRODUCTION LAROR 1,230,373 11,999,309

MATERIAL

7. Tooling 1,006,534

8., lab. Tech. __ 58,954

9. Q%RA __ 60,560

10. Manufacturing Tech. 33,560

MATERTAL SUBTOTAL 1,159,608

11. Material & Adm. Burden 394,267

TOTAL, MATERTAL 1,553,875

TOTAL TOOLING COST 16,528,916
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MLLV

PART IIB
MANUFACTURING
MANUFACTURING TEST

DELTA FORWARD SKIRT

ASSEMBLY OR SYSTEM
15T UNIT CoOST

TABLE 3.4.1- O-VI

Element of Cost

Component Test
Comﬁonent Test Planning
(1) Subtotal (A)

(2} Direet Distributable
Subtotal (B)

(3) Training
Subtotal {(C)

(4) Mfg. Tech.
Subtotal (D)

(5) Q&RA
Total Mfg. Test Labor

‘Material

(6) Q&RA

(7) Mfg. Tech.
Subtotal (E)

(8) Malerlal & Adm. Burden
Total Maierial

Total Mfg, Test Cost

311

Manhours‘
28,609

9,168
37,817

Dollays
278,469
89,109
367,578
117,625
485,203
— 5,337
485,203
11,325
501,865
98,108
223,972

3,028

1,678
4,706

1,600
6,306
606,279
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3.4.2 Stage Structures for SRM
The Get Ready Costs shown in Table 3.4.2.0-1 are for the design, fabrication

and assermbly, and tool setup for other structures such as: Aft skirt fittings,
nose cone and forward skirt of the SRM.,
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TABLE: 3.4,2.0~I

MLLV COST SUMMARY TOTAL SRM STRUCTURE AR B0 . (T THOUSANDS)
PROGRAM NGMI. |CONT. END I7EM [FACILITIES LOGISTICS U oL
ELFMENT OF GOST PART I PART II PART ITT | PART IV | oo |
ME | $ M/H EEEERE M/K $
PROGRAM EXECUTIVE 29 auy | R ) 29 Il
PROGRAM PLAN.& REPT.[- 73 861 73 861
INDUSTRIAL RELATIONS| 16 | 153 ' . 16) 153
ENGINEERING ‘ sy | 5,394 hs7, -.5,39%
LAB TECHNICIANS | 92 888 92 888
TOOLING i | 1,472 |14,307 1,472 14,307
PRODUCTION i
MANUFACTURING TEST ) ] | Ll
MANUFACTURING TECH. ‘ 35 | mo 351 762
Q& RA _ 374 | 3,638 37k | 3,249
FACILITIES - |
| p1RECT DIST 368 | 3,577 3681 | 3,577
TRATNING ‘ . 21| 196 21, 196
TOTAL DIRECT LABOR| 118 [1,358 | 2,819 |28,417 | | 2,937 | 29,775
MATERIAL 3 2,215 i 2,218
LOGISTIC HARDWARE i
BURDEN ] 752 ) , | 752
TOTAL MATERTAL 3 2,967 2,970
TOTAL OTHER f
TOTAL COST 1,361 31,384 % 32,745
|
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TABLE 3.4.2.0-I1

MLLV COST SUMMARY  SRM NOSE CONE AN A B[] cd (I} THOUSAYDS)
PROGRAM MGHMT. |CONT. END ITEM [FACILITIES LOGISTICS TOTAL
ELEMENT OF COST PART I PART II PART ITT| PART IV | oo
M/H $ wm | s S os ] s M/H 3

PROGRAM EXECUTIVE 8 98 - ‘ 8 98
PROGRAM PLAN.& REPT. 21 ol 21 245
INDUSTRIAL RELATTIONS 5 b3 5 43
ENGINEERING 127 | 1,508 109 1,508
LAB TECHNICIANS 26 248 26 248
TOOLING ] hao | 4,103 422 4,103
PRODUCTTION
MANUFACTURING TEST
MANUFACTURING TECH. 10 120 10 120
Q& RA 108 1,042 108 1,042
FACILITIES
DIRECT DIST 106 | 1,026 106 1,026
TRAINING 4 56 é 56

TOTAL DIRECT LABOR 3l 386 805 8,103 839 8,429
MATERIAL 1 634 635
LOGISTIC HARDWARE
BURDEN 215 215

TOTAL MATERTAL 1 8l9 850
TOTAL OTHER
TOTAL COST 387 8,952 25339
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NON-RECURRING
PART T

"SRM NOSE CONE

ASSEMBLY OR SYSTEM
—TABLE—3+4+270=IT1 "

Element of Cost

Birect Labor

Engineering

Logislics

Laboratory Technician
Production

Tooling

Manufacturing Test
Q&RA )
Facilities

Manufacturing Technician

Total Direct Labor

Program Executive
Program Planning & Reporting

Industrial Relations

Total Labor - Part I

Material

Program Planning & Reporting

Industrial Relations

Material Subtotal

Material & Administrative Burden

Total Material

TOTAL COST - PART I

Mznhours

127,686
25,537
422,109
107,222
10,135

692,689
—_—————

316

Manhours

8,312

20,781
b, 437

Dollars

98,165
245 Lol
43,128

386,717

416
iyl

860
292

I

1,152

I

387,869

I
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IV BART IT COST SUMMARY SEM NOSE CONE a ]E] = D o [:l (I PHCUSANDS;
M/H $ M/H $ M/H 3 KX 2 M/H 3

INGINEERING 13 157 114 | 1,351 127 1,508
_AB TECHNICIANS 3 26 23 222 26 248
TO0LING o2 | 4,103 Lo | 4,103
SRODUCTION

MANUFACTURING TEST

MANIFACTURING TECH. ’ 10 120 10 120
L &RA _ 1 5 107 | 1,037 108 1,042
DIRECT DIST 106 | 1,026 106 1,026
TRAINING - . ‘ 56 6 56
TOTAL DIRECT LABOR 17 188 ' 788 { 7,915 805 8,103

%A TERIAL

"1 _LB. TECHNICIANS 6 48 Sk

T JOLING ) 530 ’ 530
SRODUCTION

¥FG. TECHNICIANS 18 18
S&RA 32 32
37BTOTAL 6 628 63k
MAT. & ADM, BOURDEN , 2 213 215
JCTAL MATERIAL 8 841 849
TOTAL  PART II COST 196 8,756 8,952




| MLLV
NON-RECURRING COSTS

PART II-A SEM NOSE CONE

ASSEMBLY OR SYSTEM
DESIGN ENGINEERING

TABLE 3.4.2.0-V-.

BLEMENT OF COST

BASTC DESIGHN
1. Laboratory Technicians
Subtotal

2. Q&RA

TOTAL ENGINEERTNG LABOR

MATERIAL
3. Laboratory Technicians
. Q&RA
Subtotal
5. Material and Adm. Burden

TOTAL MATERIAL

TOTAL ENGINEERING COST

318

MANHOURS

13,340

2,668

16,008

534

16,542

DOLLARS

157, 545

25,933
183,478
22190

188,668

5,603
160

3,763
1,959
7722

196,390



MLLV
NON-RECURRING COSTS

SEM
NOSE CONE

PART IIB ASSEMBLY OR SYSTEM
TOOLING
TABLE 3.4.2.0-VI
COLUMN I
MANHOURS

ELEMENT OF COST

TOOL. DESIGHN
1. Lab. Tech.
TOTAL ENGR.

Fabrication and Erection

Fab. & Assembly 302,822
Misc. Charges 23,620
Maintain & Add

In Scope Changes . 3,331
SUBTOTAL (A) 329,773

2. Tool and Production Planning 92,336

SUBTOTAL (B) 422,109
3. Direct Distributable 105,527
SUBTOTAL (C) 527,636
L, Training 5. 804
SUBTOTAL (D) 533,440
5. O%RA 106,688
6. Manufacturing Tech. 10,135
TOTAL PRODUCTION LABOR 650,263
MATERIAL
7. Tooling
8. Lab. Tech.
Q. O&RA

10, Manufacturing Tech.
MATERIAL SUBTOTAL (E)

11, Materizl & Adm. Burden
TOTAL MATERIAL

TOTAL TOOLING COST

319

COLUMN II
MANHOURS

114,346
_22,869

1

21

COLUMN ITI
DOLLARS

1,350,426

222,287

1,575,713

2,943,430
229,586

32,377

3,205,393

897,506
4,102,897

—1.025,722

5,128,621

56,415
55185,036
1,037,007

119,69
6,341,737

2

2292939
48,025
32,006

627,706

213,420
81,126

8,755,576
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TABLE 3.4.2.0-VII

MLLV COST SUMMARY SRM ATTACH STRUCTURE Al c (IX THOUSANDS)
. PROGRAM MGMT. [CONT. END LTEM [FACILITIEY LOGLSTICS TOTAL
ELEMENT OF COST PART I PART II PART IIT | PART IV OTHER ‘
M/H $ M/H R S M/H $

PROGRAM EXECUTIVE 17 196 ' 17 196

PROGRAM PLAN.& REPT. 43 491 41 491

INDUSTRIAL RELATIONS| ¢ 88 9 88

ENGINEERING 259 3,053 259 3,053

LAB TECHNICIANS 52 503 ' 52 503

TOOLING 841 8,173 841 8.173

PRODUCTION

MANUFACTURING TEST

MANUFACTURING TECH. 20 238 20 235

Q& RA 213 2,078 213 2,078

FACILITIES .

DIRECT DIST 210 | 2,043 210 2,043

TRATNING 12 112 12 112

TOTAL DIRECT LABOR| 67 775 | 1,607 | 16,200 1,674 16,975

MATERTAL 2 1,264 1,266

LOGISTIC HARDWARE i '

BURDEN 530 30
TOTAL MATERTAL 2 1,694 1,696
TOTAL OTHER ]
TOTAL COST

777 17,89 18,671




MLLV
NON-RECU RRTNG

PART T
SRM ATTACH STRUCTURE

ASSEMBLY OR SYSTEM
TABLE 3.4.2.0-VIII

Element of Cost Manhours Manhours Dol Lars
Direct Labor
Engineering 258, 508
Logistics
Laboratory Technician 51,702
Production
Tooling 840, 813
Manufacturing Test
Q&RA 213,745
Facilities
Manufacturing Technician 20,189
Total Direct Labor 1,384,957
Program Executive 16,619 196,270
Program Planning & Reporting 431,549 490,694
Industrial Relations 9,002 87,499
Total Labor - Part I 67,170 77,163
Material )
Program Planning & Reporting 831
Industrial Relations 900
Material Subtotal 1,731
. . 589
Materizl & Administrative Burden
Total Material 2,320
TOTAL COST - PART I 776,783

321



‘czg

TABLE 3.4.2.0-IX

LV PART IT COST SUMMARY = SRM ATTACH STRUCTURE =Bl =00c[] (N TacUsAEDS,
SLEMENT OF COST ENGTNRRRTNG PRODUCTION | DESFEl & FB. | Mo-izes o TOTAL
M/H $ F owE | % M/H % ¥ E 3 M/H 3
© INGINEERING 31} 363 | ; 228 | 2,690 259 3,053
| TAB TECHNICIANS 6 | 6o f 146 443 } 52 503
- 200LING ' L 81 | 8,173 gyl | 8.173
| ERODUCTLON | f
MANUFACTURING TEST
MANUFACTURING TECH. 20 238 20 238
G&RA 1 12 212 2,066 213 2,078
DIRECT DIST 210 | 2,043 210 2,043
“RAINING 12 112 12 112
TOTAL DIRECT LABOR | 38 | 435 1,569 | 15,765 1,607 16,200
¥ A TERIAL
L4B. TECHNICLANS 13 96 109
TOOLING 1,056 1,056
SRODUCTION
¥FG: TECHNICTANS 35 35
&RA ' & 64
© STBTOTAL 13 1,251 1,264
¥iT, & ADM. BURDEN 5 425 430
T1TAL MATERTAL 18 1,676 1,694
SCTAL PART II COST 453 17,441 17,894




MLLV
NON-RECURRING COSTS

PART I1-A SRM ATTACH STRUQTURE
ASSEMBLY OR SYSTEM
DESIGN ENGINEERING

BASIC DESIGN 30,740 363,039
1. Laboratory Technicians 6,148 59,759
Subtotal 36,888 422,798

2. s 120 1,956

8
TOTAL ENGINEERING LABOR 38,118 b3, 754

MATERLAL
3. Labhoratory Technicians 12,911
h. QXRA _ 39
Subtotal 13,280
5, Material and Adm. Burden 4,515
TOTAL MATERTAL 17,795

TOTAL ENGINEERING COST 452,549
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MLLV

NON-RECURRING COSTS
SRM ATTACH STRUCTURE

PART IIB ASSEMBLY OR SYSTEM

TOOLING

TABLE 3.4.2.0-XI

VUJ-IV&'J-A‘-‘ I
ELEMENT OF COST MANHOURS
TOOL DESIGN
1l. lab, Tech.
TOTAL ENGR.
Fabrication and Erection
Fab. & Assembly 603,200
Misc. Charges 47,050
Maintain & Add
In Scope Changes 6,635
SUBTOTAL (4) 656,885
2. Tool amd Production Planning 683,928
SUBTOTAL (B) 840,813
3. Direct Distributable 210,203
SUBTOTAL {C) 1,051,016
L. Training _ 11,56
SUBTOTAL (D) 1,062,577
5. O&RA 212,515
6. Mamufacturing Tech. 20,189
TOTAL PRODUCTION LABOR 1,295,281
MATERTAL
7. Tooling
8. Llab. Tech.
9 - mm
10. Manufacturing Tech.
MATERIAL SUBTOTAL (E)
11, Material & Adm. Burden

TOTAL MATERIAL

TOTAL TOOLING COST

324

COLUMN IT

MANHOURS

227,768

_bs5, 550

273,322

COLUMN TTT
DOLLARS

2,689,940

bh2,785

3,132,725

5,863,104
457,326

o, 492

6,384,922

1,787,780

8,172,702

2,043,173

10,215,875

112,373
10,328,248

2,065,646
238,432

12,632,326

1,055,600
95,663
63,755
35,331

IQZBGSB 9

425,119

1,675,468
17,440,519
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TABLE 3.4.2.0-XII

MLLV COST SUMMARY  SRM AFT SKIRT | AE] B[] e (I THOUSAMNDS)
PROGRAM MGMT. |CONT. END ITEM [FACILITIESY LOGISTICS e AT
ELEMENT OF COST PART T PART II PART IIT | PART IV | oo S
M/H $ |wu | s B s [§ ¢ M/H 3
PROGRAM EXECUTIVE 3 37 B 3 7
PROGRAM PLAN.& REPT. O 73 8 93
INDUSTRIAL RELATTONS 2 17 2 17
ENGINEERING 52 605 52 605
LAB TECHNICIANS 10 100 10 100
TOOLING 157 1,527 157 1,527
PRODUCTION
MANUFACTURING TEST L o no Bl
MANUFACTURING TECH. 40 389 40 389
Q& RA
FACILITIES .
_| DIRECT DIST 39 382 39 382
TRAINING 2 21 2 1
TOTAL DIRECT LABOR| 13 147 304 { 3,068 317 3,215
MATERTAL 238 238
LOGISTIC HARDWARE
BURDEN 80 80
TOTAL MATERT AL 318 118
TOTAL OTHER
TOTAL COST
147 3, 386 3,533




MLLV

NON-RECURRING
SREM-AFT SKIRT

PART T

ASSEMBLY OR SYSTEM
TABLE 3.4.2.0-XIII

Element of Cost Manhours Manhours Dollars

Direct Labor

Engineering 51,247
Logisties
Laboratory Technician 10,249
Production
Tooling 157,061
Manufacturing Test
Q&RA 40, 045
Facilities
Manufacturing Technician 3,771
Total DPirect Labor 262,373
Program Executive 3,148 37,178
Program:Planning & Reporting 7,871 92,957
Industrial Relations 1,705 16,573
Total Labor - Part I 12,724 146,708
Material
Program Planning & Reporting 157
Industrial Relations 171
Material Subtotal ) 328
Material & Adwinistrative Burden 112
Total Material hi0
TOTAL COST - PART I 147,148
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TABLE 3.4.,2,0-XIV

LTt

¥2L7 PART II COST SUMMARY SRM - AFT SKIRT @ =0c[] (I THCU3LEDS,
o cLrEEET Il T TN
LEMENT OF COST BNGTHERRING PRODUCTION | DEGIGN & FAB. | Fovizea-aois FORAL
M/H $ M/H $ M/H % i 3 M/H 3
TNGINEERING 9 103 43 502 - 52 605
“4B TECHNICIANS 2 17 8 83 10 100
~30LLNG 157 11,527 157 1,527
>RODUCTION
MANUFACTURING TEST
MANJFACTURING TECH. Ly 4l 4 by
L&RA 3 40 386 80 389
DIRECT DIST 39 382 39 382
TRAINING 2 21 2 21
TOTAL DIRECT LABOR 11 123 293 2,945 304 3,068
¥ATERTAL L 18 oo
_4B. TECHNICIANS 197 197
TOO0LING
SRODUCTION
¥FG. TECHNICIANS 7 7
28RA 12 12
2TBTOTAL 234 238
M4T, & ADM, BURDEN 79 80
TITAL MATERIAL 313 318
TITAL PART II GOST 128 3,258 3,386




MLLV
NON-RECURRING COSTS

PART TI-A SRM - AFT SKIRT
ASSEMBLY OR SYSTEM
DESIGN ENGINEERING
TABLE 3.4.2.0-XV

ELEMBNT OF COST MANHGQURS
BASIC DESIGN 8,700 .

1. Laboratory Technicians 1,740
Subtotal . 10,440

2. Q&RA 348

TOTAL ENGINEERING LAEOR

MATERTAL
4. Laboratory Technicians
b, QXRA
Subtotal
5. Material and Adm. Burden

TOTAL MATERIAL

TOTAL ENGINEERING COST

328

10,788

DOLLARS

102, 747
16,913

119,660
3,383

123, 043

3,654
104

3,758
1,278
5,036

128,079



MLLV
NON-RECURRING COSTS

SRM -~ AFT SKIRT
PART I1B ASSEMBLY OR SYSTEM

TOOLING
TARLE 3.4.2.0-XVI
wvounomn I
ELFMENT OF COST MANHOURS
TOOL DESIGN
1. Lab. Tech.
TOTAL ENGR.

2. Tool and Production Planning 34,357
SUBTOTAL (B} 157,061
3. Direct Distributable 39,265
SUBTOTAL (C) 196,326
4., Training _%3}_6_0..
SUBTOTAL (D) 198,486
5. OKRA 39,697
6. Manufacturing Tech. 3,771
TOTAL PRODUCTION LABOR 241,954
MATERIAL
7. Tooling
£. Lab. Tech,
9. R&RA
10. Manufacturing Tech.
MATERIAL SUBTOTAL (E)
11. Material & Adm. Burden

Fabrication and Erection

Fab. & Assembly 112,676
Misc. Charges 8,789
Maintain & Add

In Scope Changes 1,239
SUBTOTAL (A) 122,704

TOTAL MATERIAL

TOTAL TOCLING COST

329

COLUMN IIT
DOLIARS

COLUMN II
MANHOURS

hz2, 547
8,509

51,056

502,480
82,707

585,187

1,095,211
85,429

12,043

1,192,683
333,950
1,526,633
381,656

1,908, 289
20,995

1,929,280

385,855
by, 536

2,359,675

197,183
17,869
11,909

6,599

233,560
79,1420

312,970
3,257,832



TABLE 3.4.2.0-XVII

o€e

MLLV COST SUMMARY SRM FITTINGS Al Bgc (I THOUSADS)
PROGRAM MGMT. |CONT. END ITEM [FACILITIES [,OGISTICS ~oT 21
ELEMENT OF COST PART I PART II PART IIT | PART IV OTHER =
WE | 8 | wm | s 5 8 5 s M/ $
PROGRAM EXECUTIVE 1 13 1 13
PROGRAM PLAN.& REPT. 3 32 3 32
INDUSTRIAL RELATIONS 5 5
ENGINEERING 19 228 19 228
LAB TECHNICIANS L 37 4 37
TOOLING 52 504 52 504
PRODUCTION
MANUFACTURING TEST
MANUFACTURING TECH. 1 15 1 15
Q& RA ’ 13 129 13 129
FACILITIES
DIRECT DIST 13 126 13 126
TRATNING 1 p 1 7
TOTAL DIRECT LABOR| 4 50 103 [1,046 107 1,096
MATERIAL 79 79
LOGISTIC HARDWARE
BURDEN 27 27
TOTAL, MATERIAL 106 106
TOTAL OTHER
TOTAL COST
50 1,152 1,202




MLLV

NON-RECU RRING
SRM FITTINGS

PART I
SRM FITTINGS
ASSEMBLY OR SYSTEM

TABLE 3.4.2.0-XVIII

Element of Cost Manhours Manhours Dollars

Direct Labor

Engineering 19,256
Logistics
Laboratory Technician 3,851
Production .
Tooling 51,816
Manufacturing Test
Q&RA 13,305
Facilities
Manufacturing Technician 1,244
Total Direct Labor 89,472
Program Executive 1,074 12,684
Program Planning & Reporting 2,684 31,698
Industrial Relations 582 55657
Total Labor - Part b, 340 - 50,039
Material
Program Planning & Reporting Sk
Industrial Relations 58
Material Subtotal 112
YMaterial & Administrative Burden 38
Total Material 150
TOTAL COST - PART I 50,189

33L
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TABLE 3.4.2.0-XIX

Y217 PART II COST SUMMARY SRM - FITTINGS B =0c[J (T THECUSAN
SUEMENT OF GOST ENGINEEAING PRODUCTION | PPOGN B HB. | Feo-ifgo-aoit oA
M/H $ M/H $ 1170: 0 - ¥ E 2 M/H 3
INGINEERING 5 62 14 166 19 228
4B TECHNICIANS 1 10 3 27 b 37
2 20LING 52 504 52 ' 504
=RODUCTION
YANUFACTURING TEST
MANJFACTURING TECH. 1 15 ' 1 15
4 &RA 2 13 127 13 129
DIRECT DIST 13 126 13 126
TAINING 1 v 1 7
| TOTAL DIRECT LABOR | ¢ ol 97 972 103 1,046
MiTERTAL i
LiB. TECHNICIANS 2 6 8
= JOLING ' 65 ' 65
SRODUCTLON '
¥FG., TECHNICIANS 2 2
w&RA L2
3TETOTAL 2 77 79
¥AT.& ADM. BURDEN 1 26 27
CCTAL MATERIAL 3 103 106
ICTAL PART IT COST
77 1,075 1,152



MLLV
NON-RECURRING COSTS

PART II-A FITTTNGS

ASSEMBLY OR SYSTEM
DESIGH ENGINEERING
TABLE. 3.4.2.0-XX

BELEMINT OF GOST

BASIGC DESIGN
1. Laboratory Technicians
Subtotal

2. Q&RA

TOTAL ENGINEERING LABOR

MATERTAL
3. Laboratory Technicians
h, GQ&RA
Subtotal
5. Material and Adm. Burden

TOTAL MATERTAL

TOTAL ENGINEERING COST

333

MANHOURS

5,220

1,044

6,264
209

6,473

DOLLARS

61,648

10,148

71,796
2,031

73,827

2,195
63

2,195

767
3,022

76,849



MLLV

NON-RECURRING COSTS

SRM FITTINGS

PART IIB ASSEMBLY OR SYSTEM

TOOLING

TABLE 3.4.2.0-XXI

CCLUMN I COLUMN IX COLUMN ITIT
ELFMENT QF COST MANHOURS MANHCOURS DOLLARS
TOOL DESIGN 14, 036 165,765
1. Lab. Tech. 2,807 27,284
TOTAL ENGR. 16,843 193,049
Fabrication and Erection

Fab, & Assembly 37,173 361,322
Misc. Charges 2,899 28,178

Maintain & Add
In Scope Changes 409 3,975
SUBTOTAL (&) 40,481 393,475
2. Tool amd Production Planninglls335 110,176
SUBTOTAL (B) 51,816 503,651
3. Direct Distributable 12,954 125,913
SUBTOTAL (C) 61,770 629, 564
L4, Training 712 6,921
SUBTOTAL (D) 65,482 636,485
5. C&RA 13,096 127,293
6. Manufacturing Tech. 1,244_ 14,692
TOTAL PRODUCTION LABOR 79,822 778,470

MATERTAL

7. Tooling 65,053
8. Lab, Tech. 5,895
9, 0O&RA 3,929
10. Manufacturing Tech. 2,177
MATERTAL SUBTOTAL (E) 77,054
11. Material & Adm., Burden 26,198
TOTAL MATERIAL 103,252
TOTAL TOOLING COST 1,074,771

334



3.4.3 The SRM Motor

The Get Ready Costs shown in this section are those costs directly related to
the Engineering design of the SRM motor and tooling design. Also, the Get
Ready Cost of the actual tooling is included. This tooling includes:

Development Tooling

Process tooling

Tooling maintenance and modification
Chamber tooling

.Nozzle shell tooling

Ablative and exit cone tooling
Auxiliary power unit tooling

Igniter tooling

Inspection fooling

Production Tooling

Process tooling

Chamber tooling

Nozzle shell tooling
—Ablatives and exit cone tooling

Inspection tooling

- The total costs for-this item are displayed in Table 3. 4. 3. 0-I.
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TABLE 3.4.3.0-I

MLLV COST SUMMARY SOLID ROCKET MOTOR sEI B (I3 THOUSANDS)
PROGRAM MGMT. |CONT. END LTEM FACILITIES LOGISTICS T AT
ELEMENT OF COST PART I PART IT PART ITI { PART IV OTHER N
/K s L wm | s IS s 1S s u/H 3
PROGRAM EXECUTIVE 8 98 8 98
PRCGRAM PLAN.& REPT. 21 245 21 2hsg
INDUSTRIAL RELATIONS 5 52 .5 52
ENGINEERING 212 2,509 212 2,509
LAE TECHNICIANS
TOOLING
PRODUCTTON

MANUFACTURING TEST

MANUFACTURING TECH.

Q& RA

FACILITIES

DIRECT DIST

TRAINING

TOTAL DIRECT LABOR| 3% 395 212 | 2,509 246 2,90k

MATERIAL 1,227 1,207

LOGISTIC HARDWARE

BURDEN

TOTAL MATERIAL 47,227 41,227

TOTAL OTHER

TOTAL COST 395 43,736 4,131




MLLV.
NON-RECURRING

PART_I
ASSEMBLY OR SYSTEM

TABLE 3.4.3.0-1II
Element of Cost Manhours

Direct Labor

Engineering

Logistics

Laboratory Technician
Production

Tooling
Manufacturing Test
Q&RA

Facilities

Maﬁufacturing Technician

Total Direct Labor

Program Executive
Program Planning & Reporting

Industrial Relations

Total Labor - Part I

Material

Program Planning & Reporting
Industrial Relations

Material Subtotal
Material & Administrative Burden

Total Material

TOTAL COST - PART I

337

Manhours

8,295

20,737

5,364 -

38,396

Dollars

97,960

244,900
52,140

395,000

395,000
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ASSEMBLY OR SYSTEM (IN THOUSANDS)
"AN (0STS

MLLV PART II COST SUMMARY

DESIGN DESIGN & FAB. MANDFACTURING

ENGINEERING PRODUCTION TOOLING TEST TOTAL
ELEMENT OF COST A

M/H $ F M/H $ M/H $

=
T
=

L

M/H

72

Engineering 152 1,795 60 vz 212 2,509
Lab Technicians

Tooling

Production
Manufacturing Test
Manufacturing Tech.

Quality & Reliability
Assurance

Direct Distributable
Training

Total Direct Labor 152 1,795 60 71k 212 2,509

Material

" Lab. Technicians
Teoling 4a, 227 41,227
Production

Mfg. Technicians

Quality & Reliability
Assurance

Subtotal b1,227 41,227

Material & Admini-
strative Burden

Total Matéfial 1,227 -A_iﬁg’gz? .

TOTAL PART II GOST 1,795 41,941 ‘ b3,736

P - ArmAL B ANAEE @ e i B A e -n e L LTI P P




AMLLY
NON-RECURRING COSTS

SOLLD ROCKET MOTOR
PART 11 ASSEMBLY OR SYSTEM

TOOLING
TABLE 3.&.3.0-IV COLUMN T
ELEMENT OF COST MANHOURS ~ MANHOURS
TOOL DESIGN 60,457
1. Lab. Tech. - -
TOTAL ENGR. 60,457

Fabrication and Frection
Fab, & Assembly -
Misc, Charges

Maintain & Add
In Scope Changes

SUBTOTAL

2. Tool and Production Planning
SUBTOTAL

3. Direct Distributable

SUBTOTAL
4, Training

SUBTOTAL
5 - (&RA

6. Manufacturing Tech.
TOTAL PRODUCTION LABOR

MATERIAL

7. Tooling %

8. Lab. Tech.

9. Q%RA

10. Manufacturing Tech,

MATERTAL SUBTOTAL

11, Material & Adm. Burden
TOTAL MATERTAL

TOTAL TOCLING COST

*Includes bhoth manhours and material. No further breakout
was given by Aerojet.

339

COLUMN IIT

DOLLARS

714,000

714,000

41,227,000

41,227,000

h1,941,000



AMLLYV
NON-RECURRING COSTS

PART IT-A SOLID ROCKET MOTOR

ASSEMBLY OR SYSTEM
DESIGN ENGINEERING

TABLE 3-4-3.0_v
ELEMENT OF COST

BASIC DESIGN
1. Laboratory Techniclans
Subtotal

2 - Q&RA—

TOTAL ENGINEERTNG LABOR

MATERIAL
5. Laboratory Technicians
h, QZRA
Subtotal
5. Material and Adm. Burden

TOTAL MATERTAL

TOTAL ENGINEERING COST

340

MANHOURS

151,990

151,990

DOLLARS

1,795,000

1,735,000

1,795,000



MLLV
SOLTD ROCEKET MOTOR
NON-RECTRRING
DOLLARS TN THOUSANDS

TABLE 3.4.3.0-VIL

Management and Administration
Engineering
Tooling and Design Labor

Tooling:
Development
Process Pooling
Tocling Maintenance and Modification
Chamber Tooling
Wozzel Shell Tooling
Abalatives and Exit Cone Tooling
Auxiliary Power Tnit Tooling
Igniten Tooling
Inspection Fooling

Production
Process Tooling
Chamber Tooling
Nozzel Shell Teooling
Ablatives and Exdt Cone Tooling
Inspection Tooling

TOTAL COST

341

$ 4,622
1,715
3,887

720
906
239
116

1,071

14,100
10,383
1,605
1,531
352

$ 395

1,795
714

13,276

27,951

$4b 131
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3.4.4 Launch Complex Facility - SRM Stage

The Get Ready Cost for that portion of the Launch Complex Facility associated
with SRM stages are:

Site development canal, hydraulic, fill, etec.

Gantry crane

Unloading hoist

SRM rotating fixture

Service structure

Umbilical tower

SRM aft support structure

SRM forward attachment and alighment boom mechanism
Launch and test control center

Off site support complex

This cost is based on the provision of a facility capable of a launch rate of

two vehicles per year with each vehicle consisting of a main stage and eight
SRM strap-on stages. The total cost is displayed in Table 3,4.4,0-I.
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TABLE 3.4.4,0-I

MLLV COST SUMMARY SRM LATNCH COMPLEX FACILITY ARTIBc] (it THOUSAI\TDS).
PROGRAM MGMT'. |CONT. END ITEM [FACILITIES] L,OGISTICS TOT AL

ELEMENT OF COST PART T PART IT PART ITIT PART IV OTEER -
u/H s L | 8 i s 1S s M/H 3

PROGRAM BXECUTIVE

PROGRAM PLAN.& REPT.

INDUSTRIAL RELATICNS
ENGINEERING

LAB TECHNICTANS
TOOLING

PRODUCTION
MANUFACTURING TEST
MANUFACTURING TECH.
Q& RA

FACTLITIES

DIRECT DIST
TRATNING .

TOTAL DIRECT LABOR

MATERTAL

LOGISTIC HARDWARE
BURDEN

TOTAL, MATERIAL

TOTAL OTHER

162,47

162,470

TOTAL COST

162,47

162,470




MLLV
LAUNCH COMPLEX FACILITIES
NON-RECTURRING
DOLLARS IN THOUSAWDS

TABLE 3.4.4.0-IT
BRICE AND MORTAR

1.. B8ite Development Canal, Hyd. Fill, etc. $ 46,000
2. Reenforce Concrete Launch Pad (Flame Deflect) 188,500
3. Propellant Storage and Tansfer and Disposal
Systems 79,087
4,  Taunch and Test Control Center 23,800
5, Off-Site Support Complex 31,613
6. Stage Storage Acceptance Test & Checkout b,250
$ 373,250
GROTND SUPPORT EQUIPMENT
1. Gentry BEquipment 20,349
2., TUnloading Crane 5,891
3. Service Structure 52,804
L,  Umbilical Tower 12,683
5. SRM Af+ Support Structure 10,317
6. SBM Fwd. Attach. 6,944
7. Core Support and Hold Down Boom 14,545
$ 123,533
EQUIPMENT (GENERAL)
1, Past 129,150
2. Off-8ite Support 20,184
$ 149,334

TOTAL LAUNCH FACTLITIES $ 646,117

NOTE: Estimated 481,547 - Single Stage

Estimated 2,100 - Engine Module
Estimated 162,470 - Solid Rocket Motor «———
646,117
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3.4.5 SRM Manufacturing Facility - Fixed Costs

The fixed Get Ready Costs for the SRM manufacturing facility were defined
design costs necessary to established the minimum requirements for the
production of 260 inch SRM motors regardless of the guantity of SRM's to be
built.! Table 3.4.5,0-1 displays these costs.

NOTE: Refer to Paragraph 3.5.2 for the additional facility costs

associated with the actual production of the SRM's which are
quantity sensitive.
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TABLE 3,4.5.0-I

MLLV COST SuMMsRy SRM STAGE-MANUFACTURING FACILITIES Aa@sc (I THOUSAIDS)
PROGRAM MGMT. [CONT. END I1TEM JFACILITLEY LOGISTICS 0! ]
ELEMENT OF COST PART T PART II PART III | PART IV OTHER e
H/K ELE R M/H 3

PROGRAM EXECUTIVE
PROGRAM PLAN.& REPT.
INDUSTRIAL RELATTCNS
ENGINEERING

LAB TECHNIGIANS
TOOLING

PRODUCTION
MANUFACTURING TEST
MANUFACTURING TECH.

Q& RA
FACILITIES

DIRECT DIST
TRATINING

TOTAL DIRECT LABOR

MATERIAL

LOGISTIC EBARDWARE
BURDEN

TOTAL MATERTAL

TOTAL OTHER

8,434

8,434

TOTAL COST

8,434

8,434




MLLV
NON-RECTURRTWG
MANUFACTURING FACILITIES
SREM
DCLLARS IN THOUSANDS

TABLE 3.4.500_11
AEROJET

Production $ 45,100

*0THER CONTRACTOR

Brick & Mortor $ 3,230

Handling Equipment L3l

Capital Eguipment aho 5,50L
Total Manufacturing Facilities $ 50,604

* Pacilities required to build attach structure, nose cone, aft
skirt, and fittings for SREM at Michoud. These are required in
addition to the facilities required for the core stage vehicle.

Estimated: TFixed cost of 8,434 —
Variable cost of b2,170
50, 604
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3.4.6 Ground Support Equipment (GSE) - SRM Stage
The Get Ready Cost for SRM GSE includes the following items:

Electronic checkout van

Hydraulic power servicing unit
Motor leakage pressurization unit
Leak detection unit, helium type
Pneumatic power supply cant
Nozzle/TVC alignment kit
Maintenance stands

Environmental monitoring equipment
Handling equipment

Barges (9)

The costs associated with this equipment is displayed in Table 3.4.6.0-1. These

costs are fixed in nature and are additive to the Quantity Sensitive Costs reflected
in sub-paragraph 3.5, 1.
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TABLE 3.4.6,0-I
MLLV COST SUMMARY SRM STAGE - GROUND SUPPORT EQUIPMENT cBBdc (1% THOUSANDS)

PROGRAM MGMT. |CONT. END ITEM [FACILITIES LOGISTICS TOTAL

ELEMENT OF COST PART I PART II PART III | PART IV OTHER

M/H $ M/H $ E $ E- $ M/H $

[4°12

PROGRAM EXECUTIVE

PROGRAM PLAN.& REPT.

INDUSTRIAL RELATIONS

ENGINEERING

LAB TECHNICTANS

TOOLING

PRODUCTION

MANUFACTURING TEST

MANUFACTURING TECH.

Q& RA

FACTLITIES

DIRECT DIST

TRAINING

TOTAL DIRECT LABCR

MATERTAL

LOGISTIC HARDWARE

BURDEN

TOTAL MATERTAL

TOTAL OTHER 3,072 3,072

TOTAL COST 3,072 3,072




9e

10.

MLLV

SRM

*GROUND SUPPORT EQUIPMENT
DOLLARS TN THOUSANDS

TABLE 3.4.6.0-11

Eiectronic Checkout Van

Hydraulic Power Servicing Unit
Motor Backage Pressurization Unit
Leak Detection Unit, Helium Type
Pneumatic Power Supply Cart
Nozzle/TVC Alignment it
Maintenance Stands

Environmental Monitoring Equipment
Hendling Equipment

Barges (9)

TOTAL GSE

NOTE: REstimated fixed cost at

Eatimated variable cost at

3,072 —
15,690

18,762

¥Based on Aerojet input for Sat V/4-260 Study
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32
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36
20
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18,000
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3.5 SRM STAGE QUANTITY SENSITIVE COST

The Get Ready Cost details for the 260 inch SRM's shown in Figure 3.5.0,0-1
are those costs directly related to the actual number of SRM's to be produced,
The maximum unifs per year, for purposes of this study, was assumed to be
sixteen per year. The costs in this paragraph are those costs required to
increase the SRM production rate from 4 to 16 units per year. They are additive
to those costs shown in Sections 3.4.5 and 3.4.6 for the Manufacturing Facility
and GSE,
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SRM STAGE (8)
QUANTITY
SENSITIVE

$57, 860

3.5.0.0

GSE
$15, 690

3.5.1.0

FACILITY
$42, 170

3.5.2.0

NOTES:
DOLLARS ARE IN THOUSANDS,
NUMBERS IN LOWER RIGHT CORNER
DESIGNATE APPLICABLE SECTION
NUMBER FOR COST DETAILS,

FIGURE 3.5.0.0-1 MLLV SOLID MOTOR STAGE QUANTITY SENSITIVE COSTS
GET READY, "A" COSTS
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TABLE 3.5.0.0-I

MLLV COST SUMMARY TOTAL SRM STAGE (VARIABLE) AE B0 ¢ (T3 THOUSAIDS)
PROGRAM MGMT. {CONT. END ITEM [FACILITIEY 1OGISTICS —

ELEMENT OF COST PART I PART IT PART IIT | PART IV OTHER TOTAL
M/H $ | W e EE /K 5

FROGRAM EXECUTIVE

PRCGRAM PLAN.& REPT,

INDUSTRIAL RELATIONS

ENGINEERING

LAE TECHNICIANS

TOOLING

PRCDUCTION

MANUFACTURING TEST

MANUFACTURING TECH.

Q&RA

FACTLITIES

DIRECT DIST

TRAINING

TOTAL DIRECT LABOR

MATERIAL

LOGISTIC HARDWARE

BURDEN

TOTAL MATERIAL

TOTAL OTHER L2170 15,690 <7860
TOTAL COST : h2,170 15,690 57,860

* GSE
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3.5.1 Ground Support Equipment (GSE) - SRM Stage
The SRM gquantity sensitive GSE requirements are those costs associated with

the production of 16 stages per year. These costs are displayed in Table
3.5.1.0~I, and are in addition to those costs reflected in sub-paragraph 3.4.6.
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TABLE 3.5.2.0~-T

MLLV COST SUMMARY — GROUND SUPPORT EQUIP (VARIABLE)

AR

(I THOUSAIDS)

ELEMENT OF COST

PROGRAM MGMT.
PART I

CONT.

PART II

ACILITIES LOGISTICS
PART TIT { PART IV

M/H $

M/H

[a ]
S

$

M/H

OTHER

M/H

&

09¢

PROGRAM EXECUTIVE
PRCGRAM PLAN.& REPT.
INDUSTRIAL RELATIONS
ENGINEERING

LAE TECHNICIANS
TOCLING

PRODUCTION
MANUFACTURING TEST
MANUFACTURING TECH.

Q& RA
FACTLITIES

DIRECT DIST
TRAINING

TOTAL DIRECT LABOR

MATERTIAL

LOGISTIC HARDWARE
BURDEN

TOTAL, MATERIAL

TOTAL OTHER

_ 15,690

15,690

TOTAL COST

15,690

15,690




MLLV

SRM

*GROTND SUPPORT EQUIPMENT
DOLLARS IN THOUSANDS

TABLE 3.5.2.0-IX

1. Electronic Checkout Van

2. Hydraulic Power Servicing Tnit

3. Motor Backage Pressurization Unit
%. Leak Detection Unit, Helium Type
5. Pneumatic Power Supply Cart

6. Nozzle/TVC Alignment Kit

7+ Maintenance Stands

8. Environmental Monitoring Equipment
9. Handling FEguipment

10. Barges (9)

TOTAL GSE
NOTE: Estimated fixed cost at 3,072
Estimated variable cost at 15,690 et —
18,762

*Based on Aerojet input for Sat V/4-260 Study
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3.5.2 SRM Manufacturing Facility

The SRM motor quantity sensitive manufacturing facility costs are those costs

associated with the actual number of stages to be produced per year. These costs
are reflected in Table 3,5.2.0-I, and are in addition to the fixed facility costs
in subparagraph 3.4.5.
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TABLE 3.5,1.0-I

MLLV COST SUMMARY MANUFACTURING FACILITIES (VARIABLE) AR edcOd (I THOUSAIDS)
PROGRAM MGMT. |CONT. END TTRM [FACILITIEG LOGISTICS =5l
ELEMENT OF GOST PART I PART IT PART IIT | PART IV OTHER o~
M/H $ | we s 15 8 I s M/H 3
PRCGRAM EXECUTILVE

PRCGRAM PLAN.& REPT.
INDUSTRIAL RELATIONS
ENGINEERING

LAE TECHNICIANS
TOCLING
PRODUCTION
MANUFACTURING TEST -
MANUFACTURING TECH.
Q& RA
FACTLITIES
DIRECT DIST
TRAINING

TOTAL DIRECT LABOR

MATERIAL

LOGISTIC HARDWARE
BURDEN

TOTAL MATERIAL
TOTAL OTHER

42,170 42,170

TOTAL COST 42,170 42,170




AERDJET

MLLV
NON-RECURRING
MANUFACTURING FACILITIES

SRM .
DOLLARS IN THOUSANDS
TABLE 3.5.1.0-II

Production

*OTHER CONTRACTOR

Brick & Morter
Handling Bguipment

Capital Equipment

Total Manufacturipg Facilities

$ 45,100
. % 3,230
Lty

840 5, 504

$ 50,604

* Facilities required to build attach structure, nose cone, aft

skirt, and fitting for SRM at Michoud.

These are reguired in

addition %o the facilities required for the core stage vehicle.

Egstimated:

Fixed cost of 8,434
h2,170 €<——0

50,604

Variable cogt of
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PAECEDING PAGE BLANK NOT FLMED.

This is the second book (Book B) of the three books which comprise
Volume V of the final documentation for ""Cost Studies of Multipurpose
Large Launch Vehicles." This book contains Section 4.0, MLLV
Development Test or "B" Costs. Sections 1.0 through 3. 0 are in

Book A, MLLV Get Ready or "A" Costs, and Section 5.0, First Unit or
"C" Costs is in Book C,

The pages in this volume are numbered sequentially from Book A
through Book C.

iii



THIS PAGE INTENTIONALLY LEFT BLANK

iv



BRECEDING PAGE BLANK NOT FILMED.
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DEVELOPMENT TEST AND/OR "B'" COSTS
SINGLE STAGE VEHICLE

Static Load Test -

Tank Assembly

Thrust Structure

Standard Forward Skirt (Lightweight)
Component Testing

Static Test Facility, Capital Equipment and
Maintenance

Engine Installation - Manufacturing
Development

Dynamic Testing

Manufacturing Development Test

Systems Test

Engine PFRT and Qualification Testing
Multichamber/Plug Engine
Toroidal/Aerospike 1200 PSIA 28 Module (286, 000
Pound Thrust/Module)

Toroidal/Aerospike 1200 PSIA 8 Module (1M 1b/Thrust
Module)

Toroidal/Aerospike 2000 PSIA 8 Module (1M lb/Thrust
Module)

Facility Checkout Vehicle

Manufacturing Mockup Vehicle

Systems Development Facility (Breadboard)
R&D Flight Vehicles

Wind Tunnel (Model Tests)

INJECTION STAGE - ENGINE MODULE
Static Load Test

Components Testing

Tank Assembly

Stage Assembly

Dynamic Testing

Manufacturing Development Test

Sysfems Test

Liquid Engine PFRT and Qualification Testing
Facility Checkout Module

Manufacturing Mockup Module

Systems Development Facility (Breadboard)
R&D Flight Modules

INJECTION STAGE -~ FUEL MODULE
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4.0 DEVELOPMENT TEST OR '"B' COSTS

This section contains a detailed breakdown of the total non-recurring development
testing costs for the various configuration elements of the Multipurpose Large
Launch Vehicle (MLLV) baseline family i.e.

The non-recurring costs have been categorized into the following sub-paragraphs:
a. Single-Stage-to-Orbit Vehicle (Section 4. 1)

b. Injection Stage - Engine Module (Section 4, 2)

. Injection Stage - Fuel Module (Section 4, 3)

d. Solid Rocket Motor Stage (Section 4.,4)

Costs for each of the configuration elements are categorized by the various
types of testing required such as:

a. Static Load Test

b. Engine Installation - Manufacturing Development
¢. Manufacturing Development Test

d. Systems Test

e. Engine PFRT and Qualification Test

f. Tacility Checkout

g. Manufacturing Mockup

h, Systems Development Facility

i. R&D Flight Vehicles

j.  Wind Tunnel Testing

For convenience and easy reference, the costs associated with the above items

are displayed in Figure 4.0.0,0~1. Sub-paragraph numbers are also referenced
to assist in locating the desired item(s).
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BINGLE STAGE [ancve mopuLE
VEHICLE -
1,671, 308 308,103
4.1.9.0 4,2,0.0
STATIC LOAD TANK ABSY STATIC LOAD
$66, 420 529, 098 311, 206
4.1.1.1
4.1,1,0 THRAUST 5TA. 4,2.1.0
ENG. INSTAL, $5, 934 DTV TEST
552 4.1.1.2 $12, 000
T, FWD. SKIRT}
4,1.2.0 84, 076 4,2.2.0
DTV TEST 4.1.1.3 MFG, DEV.
263,104 COMPONENTS %1, 701
$4, 860
_4,1.2.0 4.1.1.4 | 4,2,5.0
MFG. DEV, AC, B&M EQUIP SYSTEMS TEST
$9, 923 $21, 452 $24, 000
4.1.1.5 .
1.1.4.0 4,2.4.0
SYSTEM TEST ENGINES
$120, 000 §159, 471
4.1.5.0 — 4.2.5.0"
FAC, VEN,
ENCINES
¢ §25, 212
MULTICHAMBER
4.156.9 1 sasan 4.2.8.0
@, C X ] 4.1.6.1 ANUFACTURIN
FAC, C/0 VER :-2 EDBQIQJDESI O UT
536 S6E - 1200 1. 703
sa87, 536 P OB108,a4% 5 | §
- 4.1.6.2
4.1.7,0 P o | 4,270
TOROIDAL T
MEFG, VEH. ! lh[;l _912(10 TSI | SDF
1 169, 671
33,176 - _,_;4_,16.34‘ $7,215
GDAL
4,1.8.0 } 11\1;1552%% FeL ‘I 4,2.8.10
SoF LI 4y 2 R&D FLIS.
$73, 200 . 70,605
4.1.9.0 4.2.9.0§
R&D FLIGHTS
§731,828
£,1.10.0
WIND TUNNEL
$60¢
4.1.11.9]

5«9

FUEL MODULE SRM 8TAGE ’
456,015 ‘$a75, 772
4.4,0.0
s STATIC LOAD
COMPONENTS STATIC LOAD COMPONENTS e s AL, WD, SKT.
$1, 378 $5, 895 546 B 33, bS50
1.2.1.1 4510 . Ass'i;s'l 1 4400 4,4,3.1
TANK ASSY, ¥, COMPONENTS
$5,581 DTV TESY $2, 478 - Y $590
4.2,1.2 $7,23L 4.3.1.2 #18, 508 4.4,1.2
STAGE ASSY, STAGE ASSY.!
56, 247 4.3.2,0 32,355 . 4.4.2.0
4.2.1.8 ¥AC, VEH, MFG, DEV,
$13,113 5 5118
4.3.3.0 | 4,4.3.0,
! " PFRT
! 117,116 MOTOR
: LT 69, 921
sad0] 4.4.4.1
4.3.4.1 o ven = brmEr PROGRAM|
i . $14, 7568
$30, 218 — 4.4.4.2
; £.4.5.0 STRUCTURE
- $4a3, 037
y O 4.4.4:3
4, 675
NOTE: DOUBLE THIS
NUMBER IF CONFIGURATION 1.4.6.0
TO BE FLIGHT TESTED HAS % R&D FLTS.
TWO FUEL MGDULES 5196207
. 4,4.7.0
WIND TUNKEL
$400
4.1.8.0
STRUCTURAL
23,789 NOTES:—— — — ~ ALTERNATE SYSTEMS.
TPOLLARS ARE IN THOUSANDS,
4.4.910 NUMBERS IN LOWER RIGHT CORNER

} DESIGNATE APPLICABLE -S8ECTION
NUMBER FOR COST DETAILS.

FIGURE 4.0,0.0-I DEVELQPMENT TEST COST ('B" COST) SUMMARY

e si0
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4.0 (Continued)

As stated in Section 1.0 of this volume (see Book A, Volume V), the output of
Phase II, Task 1 was to produce "Modularized* -costs data. The "modularized'
data presented in this section provide an understanding of the costs associated
with all the development testing of the hardware items and will permit the
evaluation of the relative impact of specific tests and/or elements on overall
program costs. The development testing costs were developed in such a manner
that the major vehicle options stand on their own; i.e., the costs for the single
stage vehicle are the total costs for testing the single-stage-to~orbit vehicle,
The costs for the injection stage - engine module; the injection stage - fuel
module and the SRM's are the additional costs for testing each of these
configuration elements.

Volume III - Resource Implications of this final report provides the basic overall
general philosophy, ground rules and assumptions and the basic resource inputs
for the development test programs. Resource and cost requirements for each

of the specific tests or test categories are provided for each vehicle configuration
option, in terms of (1) the facility equipment and tools required for the festing
activity, and (2) the manpower, material and test specimens required to conduct
each of the tests,.
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4.1 SINGLE STAGE VEHICLE

The summary costs for testing the single stage MLLV vehicle are displayed in
Table 4.1.0. 0-1. These costs include not only the cost associated with conducting
the test but all the costs of the test specimens as well. Specimen costs were
developed from the recurring costs contained in Book C of this volume. Figure
4,1. 0. 0-1 displays the total cost of the single stage vehicle by type of test and

the appropriate sub-paragraph where the cost information is located.
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TABLE 4.1.0,0-I

MLLV COST SUMMARY SINGLE STAGE AldsB c (IN THOUSANDS)
PROGRAM MGMT. |CONT. END ITEM JFACILITIES LOGISTICS TOTAL
ELEMENT OF COST PART T PART II PART ITI}| PART IV OTHER
/H p | we | s B s 5 s M/H §
PROGRAM EXECUTIVE 31 374 3L 390
PROGRAM PLAN. & REPT. 79 oLl 79 olyly,
INDUSTRIAL RELATIONS 18 171 18 171
ENGINEERING 590 107,773 590 107,773
LAB TECHNICIANS 507 4,924 507 L, 924
TOOLING 8,100 8,100
PRODUCTION 1,231 (131,769 1,231 131,769
MANUFAGTURING TEST 38, 000 38, 000
MANUFACTURING TECH. :
Q& RA 334 | 3,251 334 3,251
FACILITIES
DIRECT DIST 557 5,400 557 54 L0k
TRATNING 23 247 23 247
TOTAL DIRECT LABOR| 128 { 1,489 3,242 [299,468 | 3,370 300,957
MATERIAL '3 4239: 58,771 63,013
LOGISTIC HARDWARE *55339 55,339
BURDEN 1,539 L, 059
TOTAL MATERI AL 3 61,017 58,771 119,791
TOTAL OTHER 37,397 1,213,162 1,250,559
TOTAL COST 1,492 360,486 37,397 1,.1271,933I 1,671,308

* SPECIMEN
*% PROPELLANT




SINGLE STAGE
. VEHICLE
$1,871,308
f 4.1,0.0
!".
STATIC LOAD TANK ASSY
$66, 420 329,008
. 4,1.1.1
4.1.1.0 THRUST STR.
ENG. INSTAL, $6, 934
$52 4.1.1.2
. TD, FWD. SKIRT
4.1.2.0 $4, 076
DTV TEST . 4.1.1.3
$63,104 COMPONENTS
- $4, 860
4,1.3.0 | 4.1.1.4
MFG. DEV. FAC. B&M EQUIP
$9, 923 $21, 452
4.1.1.5
4.1.4.0
SYSTEM TEST
$120, 000
4,1,5.0
ENGINES )
MULTICHAMBER
4.1.6.0 $325, 471
FAC, C/O VEH, r 4.1.6.1] .
TORQIDAL 1
$287, 536 | 286K - 1200 PSI 1
) ) | $108,47L . |
4.1.7.0 P 41625
MFG, VEH b oROmAL T
. . 1 m? -91200 PsI |
H 169, 671
83,176 Pl 4__1_.6.3_:
TOROIDAT, ~ T
4,1.8.0 : mglaﬁzozg]g PRI :
SDF Lo 16,4
$73, 200 ’
4,1.9.0
R&D FLIGHTS
$731,826 NOTES: =~ — — — - ALTERNATE SYSTEMS.
DOLLARS ARE IN THOUSANDS.
4.1.10.0 NUMBERS IN LOWER RIGHT CORNER
WIND TUNNEL DESIGNATE APPLICABLE.SECTION
$600 NUMBER FOR COST DETAILS.
4,1,11.0

F IGURE 4.1.0.0-1 MLLV SINGLE STAGE TO ORBIT VEHICLE COST DEVELOPMENT
TEST, "E" COSTS

L
]
L3
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4,1,1 Static Load Test - Single Stage Vehicle
The total costs of conducting all of the static load tests for the single stage vehicle
are displayed in Table 4.1, 1.0-I. In addition, Figure 4.1, 1.0-% displays the overall
test costs and appropriate sub-section number for the various components that
require static testing.
Sections 4.1,1,1 through 4.1, 1.4, which reflect the test costs for the tank assembly,
thrust structure, standard forward skirt and the other components, include the costs
of the labor, material, and tooling for the following:
a. Engineering

1. Mechanical and electrical design

2. Drafiing and support

3. Liaison

4, Conduct the test

5. Test reports
b. Manufacturing

1. Facility checkout and preparation

2. Specimen installation

3. Load fixture fabrication

4, Load fixture installation

5. Plumbing installation

6. Instrumentation installation

7. Mechanical checkout

8. [Electrical checkout

9. Conduct the test

10, Teardown effort
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4.1.1 (Continued)
c. Material and Parts
1. Raw material
2. Mechan;cal components
3. Electrical transducers
4, Electrical components and equipment
5, Test specimen (from "C' cost)
d. Retest Allowance
Parts, materials and labor costs
Section 4.1.1,5 reflects the cost of the sfatic load test facilities and the capital

equipment for conducting the tests. In addition, the maintenance costs for the
facilities and capital equipment are also included,
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TABLE 4.,1.1.0~I

MLLV CCST SUMMARY  STATIC LOAD TEST - 3/S AldsK ¢ (T¥ THOUSANDS)
PROGRAM MGMT. |CONT. END ITEM [FACILITIES 1.OGISTICS TOTAL
ELEMENT OF COST PART I PART IT PART III | PART IV OTHER
we | s | wE | s = s |5 s H/H $
PROGRAM EXECUTIVE 10 127 10 127
PROGRAM PLAN. & REPT. ¢ 311 26 311
INDUSTRIAL RELATTIONS v 56 Vi 56
ENGINEERING 2ok | 3,477 294 3,477
LAB TECHNICIANS
TOOLING
FRODUCTION 556 5,408 556 5,408
MANUFACTURING TEST
MANUFACTURING TECH.
Q& RA 28 269 28 269
FACILITIES
DIRECT DIST 179 1,730 179 1,730
TRAINING 7 80 7 80
TOTAL DIRECT LAROR| 43 494 1,064 |10,964 1,107 11,458
MATERTAL 1,220 B 1,220
LOGISTIC HARDWARE 31,875 31,875
BURDEN Lk L1n
TOTAL MATERIAL 33,510 33,510
TOTAL OTHER Vol 21,452 21,452
POTAL COST 4ok Ll Lol 21,452 66,420




STATIC LOAD
$66, 420

4.1.1.0

TANK ASSY

$29, 088

4,1.1,1

THRUST STR.
$6, 934

4.1.1.2

TD, FWD, SKIRT
$4, 076

4,1,1.3

COMPONENTS
$4, 860

4,1.1.4

AC. B&M EQUIP
$21, 452

4.1.1.5

NOTES:
DOLLARS ARE IN THOUSANDS,
NUMEBERS IN LOWER RIGHT CORNER
DESIGNATE APPLICABLE SECTION
NUMBER FOR COST DETAILS.

FIGURE 4.1.1.0-1 MLLV MAIN STAGE STATIC LOAD TEST COSTS DEVELOPMENT
TEST, '"B" COSTS
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4.1.1.1 Tank Assembly - Static Load Test
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TABLE 4.1.1.1-I

MLLV COST SUMMARY STATIC LOAD TEST - TANK ASSEMBLY - S/S AldsiE e (IN THOUSANDS)
PROGRAM MGMT. |CONT. END ITEM [FACILITIES LOGISTICS TOT AL
ELEMENT OF COST PART I PART II mPART ITI | PART IV OTHER
ME p s jwE | s g s S s M/H $
PROGRAM EXECUTIVE I 55 i 55
PRCGRAM PLAN. & REPT. 17 130 11 130
INDUSTRIAL RELATIONS - 07 3 o9
ENGINEERING 123 1,457 123 1,457
LAB TECHNICIANS
TOOLING
PRODUCTION
MANUFACTURING TEST 233 2,265 233 24265
MANUFACTURING TECH. )
Q& RA 12 113 12 113
FACILITIES
DIRECT DIST 75 725 75 725
TRAINING 3 33 3 33
TOTAL DIRECT LAECR| 18 208 . | 446 4,593 L6l 4, 801
MATERIAL ‘ 622 6§22
LOGISTIC HARDWARE 23,464 23,464
BURDEN 211 211
TOTAL MATERIAL 2k, 297 24, 297
TOTAL OTHER
TOTAL COST
208 28,890 29,098




MLLV
NON-RECURRING

PART I
STATIC LOAD TEST - TANK ASSEMBLY - S/S

ASSEMBLY OR SYSTEM
TABLE 4,1.1.1-II

BElomenl of Cost Maphours Manhours Dollars
Dircel Labor
Engineering _EEE:EEE_
Logiatbics
Laboralory Tevhniclan
Producliion
Tooling
Manufacturing Test 233,020
Q&RA 11,652
Facllities
Manufacturing Technician
Total Direct Labor 68,024
Program Executive 4,416 $ 52,153
Program Planning & Reporting 11,040 130,382
Industrial Relalions 2,392 23,250
Total Tabor - Part I 17,348 $207,785
Material
Prograun Planning & Heporbing $ 220
Industrial Relations 239
Material Subtotal 459
Material & Adwministrative Burden 156
Totgl Material $ 615

TOTAL COST .. PART I
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TABLE 4. lo le l_III

Z8¢t

MLLV PART II CCST SUMMARY  TANK ASSEMBLY / - 8/ A0 B o] (1IN THOUSANDS)
ENGINEERING PRODUCTION TOCTING TEST TOTAL
ELEMENT CF COST
M/H $ M/H ¥ M/H 3 M/E $ M/4 S
ENGINEERING 123 1,457 123 1,457
LAB TECHNICIANS
TOOLING
PRODUCTI ON ‘ i
MANUFACTURING TEST 233 | 2,265 233 24265
MANUFACTURING TECH.
Q&R A 12 113 12 113
DIRECT DIST _ 75 725 75 725
TRATNING 3 33 3 33
TOTAL: DIRECT LAZTR 123 1,457 323 3,136 L6 4,593
MATERTAL %23,464 23,464
LAB. TECHNICIANS 1 T
TOOLING ' .
PRODUCTION » 619 619
MFG. TECHNICIALS '
Q& R A '“ 3 3
SUBTOTAL 23,46l 622 24,086
MAT. & ADM. ELRDZY 211 : 211
|_TOTAL MATERIAL : 23, 464 833 21,297
TOTAL PART 1T T7:T 1,457 23, L6l 3,969 28, 890 -

% SPECIMEN



MLLV
R & D TEST COST
NON-REGURRING

PANK ASSEMBLY - S/S
CONDUCT STATIC LOAD TEST
TABLE 4.1.1.1-IV

Element of Cost Manhours
Engineering 108,800
Retest Allowance 14,552

TOTAL GOST 123,352

383

(In Thousands)
Dollars

$1,285
172

$1,457



R

MLV
& D TEST COST

NON~RECURRING

TANK ASSEMBLY S/S

CONDUCT STATIC LOAD TEST
TABLE 4.1.1.1-¥V

Element of Cost

(1)
(2)

(3)

(4)

(5)

Manufacturing

Retest Allowance
Subtotal "A"
Direct Distributable
Subtotal "B"

Training
Subtotal "C"

Q&RA

TOTAL LABOR

Material

(6) Raw Material & Parts
(7) Q&RA

Material Subtotal

(8) Materisl & Admin. Burden

TOTAL MATERIAL

TCTAL COST

Manhours

190,648
h3,372

233,020
74,566

307,586

3,383
310,969

11,652

322,621

384

(IN THOUSANDS)
Dollars

$1,853
411

$2,265
725

$2,990

33
$3,023

113

$3,136

$ 619

3
$ 621

211

$§ 832

$3,968



4,1.1.2 Thrust Structure - Static Load Test
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TABLE 4,1,1.2-I

MLLV COST SUMMARY STATIC LOAD TEST ~ THRUST STRUCTURE - S/s A [} BEg ¢[] (IN THOUSANDS)
PROGRAM MGMT. [CONT. END ITEM JFACILITIES LOGISTICS TOTAL
ELEMENT OF GOST PART I PART II PART IT1| PART IV | oo
we s we | o3 B s 15 s M/H $
PROGRAM EXECUTTVE 3 35 B 3 35
PROGRAM PLAN. & REPT. 7 87 7 ER
INDUSTRIAL RELATIONS| o 16 2 16
ENGINEERING ' 83 975 83 975
LAB TECHNICIANS
TOOLING
PRODUCTION 156 | 1,519 156 1,519
MANUFACTURING TEST
MANUFACTURING TECH.
Q& RA 8 75 8 75
FACILITIES ,
DIRECT DIST 50 L85 50 85
TRAINING 2 23 2 23
TOTAL DIRECT LABCR| 12 138 299 3,077 311 3,215
MATERIAL 416 416
LOGISTIC HARDWARE 3,162 3,162
BURDEN 141 141
TOTAL MATERTIAL 3,719 3,719
TOTAL OTHER
TOTAL COST 138 6,796 6,934




MLLV
NON-REGURRING
PART T

STATTC LOAD TEST - THRUST STRUCTURE - S/S
ASSEMBLY OR SYSTEM
TABLE 4.1.1.2-II

Element” of Cost Manhours Manhours Dollars
Direcl Labor
Enminecering 82,573
Lorminbics
Laboratory Tochnician
Producllon 156,229
Toolims
Manufacturing Test
Q&RA 7,811
Facilities .
Manufacturing Technician
6
Total Direct Labor 246,613
Program Executive 2,959 $ 34,946
Program Planning & Reporting 7,398 87,370
ludustrial Relations 1,603 15,581
Total Labor -~ Part I 11,960 $137,897
Makerial
Program Plamming & Reporting $ 148
Indnstrial Relations 160
Material Subtotal § 308
Material & Administrative Burden 105
Total Material $ 3
TOTAL COST - PART I $138,292
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TABLE 4.1,1.2-T11

MLLV PART IT COST SUMMARWSTATIC LOAD TEST - THRUST STRUCTURE s/s i [ | Bld ¢[] (IN THOUSANDS)
TNGINEERING PRODUCTI ON TOOLING TEST TOTAL
ELEMENT OF CO3Z :
M/H $ M/H $ M/H 3 M/H $ M/H 3
ENGINEERING 83 975 83 975
LAB TECHNICIANS
TOOLING ' '
PRODUCTION ‘ 156 | 1,519 156 1,519
MAWUFACTURING TEST '
MANUFACTURING TECH.
Q&R A _ 8 75 8 75
DIRECT DIST , 50 485 50 485
TRATNING 2 23 .2 ) 23
TOTAL DIRECT LAZSR | g3 975 216 | 2,102 299 | 3,077
MATERTAL %3,162 3,162
LAB. TECHNICIANS ' o
TOOLING )
PRODUCTION 414 414
MFG. TECHNIGLANS
Q& R A o2 2
SUBTOTAL - 116 ‘ 1 3,578
MAT, & ADM, ELRDE 141 141
TOTAL MATERIAL | 3,162 257 3,719
TOTAL PART IZ C?:T 975 3,162 2,659 6,796

* Specimen



"MLLV .
R & D TEST COST
NON-RECURRING

THRUST STRUCTURE - S5/S
CONDUCT STATIC LOAD TEST

TABLE 4.1.1.2—1\7

{(In Thousands)

Element of Cost Manhours Dollars
Engineering 72,600 ‘ $857
Retest Allowance 9,973 118

TOTAT, GOST 82,573 $975
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. MLLV
R & D TEST COST
NON-RECURRING

THRUST STRUCTURE - S/S
CONDUCT STATIC LOAD TEST

TABLE 4.1,1,2-v
(IN THOUSANDS)

Element of Cost Manhours Dollars
(1) Manufacturing 127,189 $1,236
(2) Retest Allowance 29,040 283
Subtotal "A" 156,229 $1,519
(3) Direct Distributable 49,993 485
Subtotal "B" 206,222 $2,004
(4) Training 2,268 23
Subtotal "C¥ 208,490 $2,027
{(5) Q&RA 7,811 75
TOTAL LABOR 216,301 $2,102
Material
(6) Raw Material & Parts $ L1k
(7) Q&RA 2
Material Subtotal $ 416
(8) Material & Admin. Burden 141
TOTAL MATERIAL $ 557
TOTAL COST " $2’659

390



4.1,1,3 Standard Forward Skirt (Lightweight Skirt) -
Static Load Test
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TABLE 4,1.1.3-T

STATIC LOAD TEST
FORWARD SKIRT - S/$

MLLV COST SUMMARY A0 K c[J (IN THOUSANDS)
i PROGRAM MGMT. |CONT, END ITEM fFACILITIES LOGISTICS TOTAL

ELEMENT OF COST PART I PART IT PART TTT | PART IV | oone

M/H RSN u/H §

PROGRAM EXECUTIVE 1 17 1 17
PRCGRAM PLAN. & REPT. 4 Ll Ly i
INDUSTRIAL RELATIONS| 1 8 1 8
ENGINEERING 41, 1189 b1 489
LAB TECHNICIANS
TOOLING _
PRODUCTION 78 759 78 759
MANUFACTURING TEST
MANUFACTURING TECH.
Q& RA ' l 38 I 38
FACILITIES
DIRECT DIST 25 243 25 143
TRATNING 1 11 1 11
_ TOTAL DIRECT LABCR é 69 149 1, 540 155 1,609
MATERIAL 85 85
LOGISTIC HARDWARE 2,353 2,353
BURDEN 29 29

TOTAL MATERIAL J 2,467 2,467

TOTAL OFHER

TOTAL COST 69 It, 007 4,076




MLLV
NON-RECURRING

FART L

STATIC LOAD TEST - FORWARD SKIRT - S/8
ASSEMBLY OR SYSTEM

18T UNTT COST

TABLE 4.1.1.3-II

Eloment of Cost

Dircel, Labor

Engincering

Logmislies

Laboriatory Technician
Producl ion

Tool ing

Manulacturing Test
Q&RA

Facilities

Mamufacturing Technician

Total Direct Labor

Program Execubive
Program Plamning & Reporting

Indusirial Relation:

Total Labor = Part I

Malerinl

Program Plaming & Reporting
Industriat Relations
Material Subtotal

Malerial & Administrative Burden

Tolal Material

TOTAL COST - PARI T

393

Manhours Manhours

41,387

78,114

3,906

123,407

1,481

Dollars

$17,491

3,702

43,721

802

75795

5,985

$69,007
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TABLE 4.1.1.3-IT1I

MLLY PART II CCST SUMMARY  FORWARD SKIRT - S/S 0K ¢ (IN THOUSANDS)
ENGINEERING PRODUCTION TOCE TG TEST TOTAL
ELEMENT OF CG3T
M/H % M/H % M/H 3 M/H $ M/H $
ENGINEERING 41 489 41 489
LAB TECHNICLANS '
TOOLING
PRODUCTION 78 759 78 759
MANUFACTURING TEST
MANUFACTURING TECH.
Q& R A b 38 4 38
DIRECT DIST - 25 243 25 243
TRAINING 1 11 1 11
TOTAL DIRECT LiZR | 41 1489 108 1,051 | 149 1, 540
MATERTAL %2 353 ) 2,353
LAB. TECHNICIANS
TOOLING ]
PRODUCTION
MFG. TECHNICIALS 84 84
Q& RA 1 1
SUBTOTAL 2,353 85 2,438
MAT, & ADM. BURLZD 29 29
=TOTAL MATERT AL _ 2, 35.3-: 114 2. 467
TOTAL PART IZ 2737
: 489 2,353 1,165 4,007

* Specimen



MLLV
R & D TEST COST
NON-RECURRING

] FORWARD SKIRT - S/S
CONDUCT STATIC LOAD TEST

TABLE 4.1.1.3-IV

(In Thousands)

Flement of Cost Manhours Dollars.
Engineering 36,400 $430
Retest Allowance 4,987 59

TOTAL COST 41,387 $ 1489
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MLLV

R & D TEST COST
NON-RECURRING

FORWARD SKIRT - S/S

CONDUCT STATIC LOAD TEST
TABLE 4.1.1. 3-'V

Element of Cost

(1) Manufacturing
(2) Retest Allowance

Subtotal "AM

(3) Direct Distributzble
Subtotal B!

(4) Training
Subtotal “C"

(5) QaRA
TOTAL LABOR

Material

(6} Raw Material & Parts

(7) Q&RA
Material Subtotal

(8) Material & Admin. Burden

TOTAL MATERIAL

TOTAL COST

Manhours

63,594
14,520

78,114
21,996
1103,110
1,134
104,240
3,906

108,150

396

(IN THOUSANDS)
Dollars

$ 618
141

$ 759
243
1,002
11
sL,03
38

$1,051

29
$ 1l

$1,165



4,1.1. 4 Component Testing - Static Load Test
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TABLE 4.1.1.4-1

MLLV COST SUMMARY STATIC TEST - GOMPONENTS - S/S A0 c (IN THOUSANDS)
PROGRAM MGMT. |CONT. END ITEM [FACLLITIEY LOGISTICS TOTAL
ELEMENT OF COST PART T PART IT PART IIT | PART IV OTHER
M/H $ M/H IR EEE M/H $
PROGRAM EXEGUTLVE 2 20 2 20
PROGRAM PLAN. & REPT. 4 50 n 50
INDUSTRIAL RELATIONS| 1 9 {1, 1 9
ENGINEERING Ly 556 w7 556
LAB TECHNICIANS
TOOLING
PRODUCTT.ON 89 865 89 865

MANUFACTURING TEST

MANUFACTURING TECH.

Q& RA 4 43 b 43
FACILITIES ‘
DIRECT DIST 29 277 29 277
TRAINING ‘ 1 13 1 13
TOTAL DIRECT LABOR| 7 79 170 |1,754 ’ 177 1 1,833
MATERIAL ' 97 o7
LOGISTIC HARDWARE: ' 2897 2,897
BURDEN : 33 33
TOTAL MATERIAL | 13,027 3,027
TOTAL OTHER '
TOTAL COST

79 4,781 4, 860




MLLV
NON. EECURRING

PART I
STATIC LOAD TEST -~ COMPONENTS - $/S..
ASSEMBELY OR SYSTEM

1ST UNIT COST
TABLE 4,1.1.4-II
Elemeni ol Cost Manhours Manhours Dollars
Direct Labor
Engincering 47,078
Logistices
Laboratory Technician
Producl lon 89,031
Tooling
Manufacburing Test
Q&RA b, 452

Facilities

Manufacturing Technician

Total Direct Labor 140,561
Program Executive 1,687 $19,923
Propgram Planning & Reporting 4,217 49,803
Industrial Relations g1l 8,884
Total Labor - Part I 6,818 ] $78,610
Material
Program Plaming & Reporting $ 8l
Industrial Relations _______JEE
Material Subtotal - 175
Malerial & Administrative Burden ' 60
Total Material : $ 235
: 8,84
TOTAL COST -~ PARIl' T $78,845
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MLLV PART IT COST SUMMARY COMPOWENTS - S/S s[]s ¢[] (IN THOUSANDS)
FLEMENT OF COS- ENGINEERING PRODUCTION TOCLING TEST T
M/H $ M/H 3 M/H 3 M/H $ M/H $
ENGINEERING 47 556 b7 556
LAB TECHNICIAKS
TOOLING
PRODUCTION 89 865 89 865
MANUFACTURING TEST ) ]
MANUFACTURING TECH.
Q& R A 4 43 b 43
DIRECT DIST 28 277 28 277
TRATINING 1 13 1 13
TOTAL DIRECT LAZCR | 47 556 123 | 1,198 170 1,754
MATERIAL ‘%2 ,897 2,897
LAB. TECHNICIANS
TOOLING
PRODUCTION 96 96
MFG. TECHNICIANS
Q& R A 1 1
SUBTOTAL 2,897 97 2,994
MAT, & ADM. EYRDED 33 33
TOTAL MATERTAL ] 2,897 130 3,027
TOTAL PART II 2737 556 2,897 1,328 4,781

* Specimen




MLLV
R & D TEST ‘GOST
NON-RECURRIHNG
COMPONENTS ~ S/S
CONDUCT STATIC TOAD TEST

TABLE 4.1,1.4-IV

(T Thousands)

Element of Cost Manhours Dollars

l\ " v

Engineering 41,400 $489
Retest Allowznce 5,678 67

TOTAL COST 7,078 $556
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MLLV
R & D TEST COST
NON-RECURRING

COMPONENTS ~- S/S

CONDUCT STATIC LOAD TEST
TABLE 4.1.1.4-V
(IN THOUSANDS)

Blement of Cost Manhours Dollars
(1) Manufacturing 72,498 $ 705
(2) Retest Allowance 16,533 160
Subtotal "A" 89,031 $ 865
(3) Direct Distributable 28,490 277
Subtotal "B" 117,521 $1,142
(4) Training 1,293 13
Subtotal "C" 118,814 $1,155
(5) Q&RA b 452 43
TOTAL LABOR 123,266 $1,198
Material
(6) BRaw Material & Parts $ 96
(7) QaRA 1
Material Subtotal ;
(8) Material & Admin. Burden 33
TOTAL MATERTAL $ 130
TOTAL GOST  $1,328
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4.1.1.5 Static Test Facility, Capital Equipment and Mainfenance
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TABLE 4.1.1.5-1 STATIC LOAD TEST

MLLV COST SUMMARY FAC. & B&M, EQUIP. - 5/5 sJeEc] (TN THOUSAXDS)
PROGRAM MGMT. [CONT. BND ITEM [FACILITIEY LOGISTICS TOTAL
ELEMENT OF COST PART I PART IT PART ITT | PART IV OTHER
we | ¢ | wE | s B s [ s M/H 3

PRCGRAM EXECUTIVE

PROGRAM PLAN. & REPT.

INDUSTRIAL RELATIONS

ENGINEERING

LAB TECHNICIANS

TOOLING

PRODUCTION

MANUFACTURING TEST

MANUFACTURING TECH.

Q& RA

FACILITIES

DIRECT DIST

TRAINING
TOTAL DIRECT LABCR
MATERTAL

LOGISTIC HARDWARE

BURDEN
TOTAL MATERTAL
TOTAL OTHER 21,452

21,452

TOTAL COST

21,452 21,452




MT.LV
R&D TEST FACILITIES
STATIC LOAD TEST -~ SINGLE STAGE

TABLE 4.1.1.5-1II
Dollars

{(In Thousands)

Brick and Mortar 20,444

Main@enance {one year) 1,008

Total Cost 21,452
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4.1.2 Engine Installation - Manufacturing Development
This cost covers the effort that is required fo develop the processes that are

necessary to assure reliable instaliation of the engines on the single stage.
Table 4.1, 2. 0-1 reflacts the cost of this function.
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TABLE 4. 1.2.90-1 MANUFACTURIEG DEVELOPMENT

MIIV COST SUMMARY ENGINE INSTALLATION - S/S A O sEke[] (TH THOUSANDS)
PROGRAM MGMT. [CONT. END ITEM [FACILITIEY LOGISTICS TOTAL
FLEMENT OF COST PART T PART II PART ITI | PART IV OTHER
WE | 8 [ wE | s B s B8 U/H 3
PROGRAM EXECUTIVE 5 2
PROGRAM PLAN. & REPT.
INDUSTRIAL RELATIONS
ENGINEERING
LAB TECHNICIANS
TOOLING
PRODUCTICN 3 27 3 7
MANUFACTURING TEST
MANUFACTURING TECH,
Q& RA ) i 7
FACILITIES
DIRECT DIST 1 8 1 8
TRATNING
TOTAL DIRECT LAECR 2 m n2 m M
MATERTAL 6 i 6
LOGISTIC HARDWARE
BURDEN >
TOTAL MATERIAL ) 8
TOTAL OTHER 1 |
TOTAL COST
2 5C 52




NLinR

DEVELOPMENT COST
NON-RECURRING

PART I

MANUFACTURING DEVELOPMENT - S/S

ENGINE INSTALLATION
TABLE 4.1.2.0-II

Element of Cost

Direct Labor
Engineering
Lab., Tech.

Manufacturing
Q&RA

Total Direct Labor,

Program Executive
Program Planning & Reporting
Industrial Relations

Total Labor Part I

Material

Program Plamming & Reporting
Industrial Relations

Material Subtotal

Material & Admin. Burden
Total Material

TOTAL COST PART I

409

Manhours

2,731
710

3,41

Manhours Dollars
13, L8l
104 1,228
23 22L

2

2

b

1

5

1,941
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MLLV PART II COST SUMM:RY ENGINE INSTALLATION - S/S 27 i e[ (IN THOUSANDS)

ENGINEERING PRODUCTION TOCLING TEST TOTAL

M/H $ M/H $ M/H 3 M/H
ENGINEERING 3 27 : 3 27
LAB TECHNICIANS

TOOLING .
PRODUCTION

MANUFACTURING TEST
MANUFACTURING TECH.

Q&R A 7
DIRECT DIST 1
TRAINING
TOTAL DIRECT LA=7R L L2 m L2
MATERTAL 6 6
LAB. TECHNICIANS
TOOLING
PRODUCTION

MFG. TECHNICIALS

Q& R A
SUETOTAL

MAT, & ADM. EURDED 2
TOTAL MATERIAL 8

e — | O 8

ELEMENT OF COST

<
=

—
=

£1-

~3

09]
]
[9e]

TOTAL PART I :?5? 50 50




_MLLY
DEVELOPMENTAL GOST
NON-RECURRING

MANUFACTURING DEVELOPMENT
ENGINE INSTALLATION

TABLE 4 - ln 2_- O—IV

ELEMENT OF GOST MANHOURS DOLLARS
Laboratory Technician 2,731 $26, 545
Direct Distributable 87k 3,495

Subtotal 3,605 $35,040
Training g 388
Subtotal 3,645 $35,428
Quality and Reliability Assurance 729 7,085
TOTAL LABOR 4,374 $42,513

MATERTAL
Laboratory Technician $ 6,000
Material and Administrative Burden 2,040
TOTAL MATERIAL $ 8,040
TOTAL COST $50,553
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4,1.3 Dynamic Testing - Single Stage Vehicle
The total cost for performing the dynamic tests on the single stage vehicle are

displayed in Table 4.1. 3. 0-L This includes the labor, material, tooling, facilities
and equipment to accomplish the following functions;

a. Engineering
1, Mechanical and electrical design
2. Drafting and support
3. Liaison
4, Conduct the test
5, Test reports
b. Manufacturing
1. Facility checkout and preparation
2, Specimen installation
3. Load fixture - fabrication and installation
4, Plumbing installation
5, Instrumentation installation
8. Mechanical checkout
7o Electrical checkout
8. Conduct the test
9. Teardown effort
c. Maferial and Parts
1. Raw materials

2. Mechanical components
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4.1.3 (Continued)
3. Elecirical transducers
4, Electrical components and equipment
8 Test specimen (from "C" costs)
d. Retest Allowance
Paris, materials and labor costs

The cost of maintaining the facilities and capital eguipment are also included,
The maintenance cost covers the time period of the test cycle ~ 9 months,
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TABLE 4.1.3.0-I

MLLV COST SUMMARY DYNAMIC TEST - S/S 20 pE c[] (TN THOUSAXDS)
PROGRAM MGMT. [CONT. BNWD ITEM [FACILITIES LOGISTIGCS TOTAL
ELEMENT OF COST PART I PART II PART TIT | PART IV | oro
wE | s | wm o B8 5 s U/ 3
PROGRAM EXECUTIVE 11 151 1L 131
PROGRAM PLAN. & REPT. o8 328 28 328
INDUSTRIAL RELATIONS| g 59 6 59
ENGINEERING 206 | 3,496 2956 3,496
LAB TECHNICIANS
TOOLING
PRODUCTION 504 | 4,900 504 4,900
MANUFACTURING TEST
MANUFACTURING TECH.
Q& RA ' 126 | 1,225 126 1,225
FACILITIES
DIRECT DIST 161 | 1,568 161 1,568
TRAINING 7 71 7 71
TOTAL DIRECT LABCR| A5 518 | 1,094 |11,260 1,139 11,778
MATERTAL 2 1,429 1,431
LOGISTIC HARDWARE #23464 23,464
BURDEN 1486 L86
TOTAL MATERTAL o 25,379 25,381
TOTAL OFHER 15,945 15,945
TOTAL COST 520 36,639 | 15,945 53,104

* SPECIMEN




MLLV

PART I

. DYNAMIC TEST - 5/3
ASSEMBLY OR SYSTEM

TABLE 4- lo 3- O_II

Ilem of C Manhours ﬂgnhgnrs
Direct Lab
Engineering 296,061
Logristics
Laboratory Technician
Production 504,086
Tooling
Manufacturing Test
Q&RA 126,022
Facilities
Manufacturing Technlcian
Total Direct Labor 926,169
4
Program Executive 11,114
Program Planning & Reporting . 27,785
Industrial Relations 6,020
Total Labor - Part I 44,919

Material
Propgram Planning & Reporting
Industrial Relations

Material Subtotal
Material & Administrative- Burden

Total Material

TOTAL COST - PART I

416

Dollars

131,256

328,140
58,514

517,911

555
602

1,157

393
1,551

519,462
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TABLE 4.1,3.0-IIL

MLLV PART IT COST SUMMRY DYNAMIC TEST - S/S A0 8] c[] (IN TROUSANDS)
ENGINEERLNG PRODUCTION TOCLING TEST TOTAL
ELEMENT OF COST ‘
¥/H 3 M/H 3 M/H 3 M/H $ M/H $
ENGINEERING 296 3,496 296 3,496
LAB TECHNICLANS
TOOLING
PRODUCTION 504 4,900 504 4,900
MANUFACTURING TEST
MANUFACTURING TECH.
Q& R A 126 1,225 126 1,225
DIRECT DIST 161 1,568 161 1,568
TRATNING i 7 71 7 71
TOTAL DIRECT LiZR | o04 3,406 799 7,764 1 1,095 11,260
MATERIAL *¥23464 23,464
LAB. TECHNICIANS
TOOLING B
PRODUCTION ) 1,391 1,391
MFG. TECHNICIANS
Q& R A 38 38
SUBTOTAL 23,464 1,429 24,893
MAT, & ADM, ELRIZY 486 436
TOTAL MERIM. . 23,464 1,915 25,379
TOTAL PART I- T@ET 3,496 23, bl 9,679 36,639

* SPECIMEN




MLLY
R & D TEST COST
NON-RECURRING

COMDUCT DYNAMIC TEST -~ S/S
TABLE 4.1.3.0-IV

Element of Cost Manhours
Engineering - 258,933
Retest Allowance - 37,128

TOTAL COST 296, 061

418

(In Thousands)
Dollars

3,058

438

3,496



MLLV
R & D TEST COST
NON-RECURRING

CONDUCT

DYNAMTC

TEST - S/9

TABLE 4.1.3.0-V

Material

(6) Raw Material & Parts

(7} Q&RA
Materlal Subtotal

(8) Malerial & Adnin. Burden

TOTAL MATERIAL

TOTAL COST

419

Eloment of Cosl Manhours
(1) Manufacturing 395,978
(2) Retest Allowance 108,108
SubLotal 504,086
(3) Direct Distributable 161,308
Subtotal 665, 394
()} Traininge 7,319
Subtotal 672,713
(5) Q&RA 126,022
TOTAL LABOR 798,735

(IN THOUSANDS)
Dollars

3,849
1,051

2,900
1,568
6,468
N
6,539
L2z

7,764

1,391
38
1,429

486

1,915

9,679
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4.1.4 Manufacturing Development Test - Single Stage Vehicle

The manufacturing development task is directed toward the development and
implementation of fabrication and assembly processes to produce the single
stage vehicles.

Defined in broad terms, the procedure is as follows:
a. Determine manufacturing development requirements through coordination and
review of engineering drawings and specifications, present methods and

existing manufacturing capabilities,

b, Establish suitable manufacturing methods, Document and coordinate these
methods with applicable organizations.

¢. Define equipment requirements, tooling criteria, training requirements, and
establish step-by-step procedures for critical manufacturing,

d. Coordinate with factory, manufacturing engineerings, facilities training, etc.,
to assist them in the implementation and proper application of newly developed

methods.

Table 4.1. 4. 0-F displays the cost associated with this function for the single stage
vehicle,
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TABLE 4.1.4.0-1

MLLV COST SUMMARY  MANUFACTURING DEVELOPMENT - S/S a0 cO (IN THOUSANDS)
PROGRAM MGMT. |CONT, END ITEM [FACILITIEY LOGISTLCS TOTAL
ELEMENT OF COST PART I PART I1 | PART ITT L PART IV | orumg
M/H Sl wE | s IS 8 IS ¢ M/H ;
PROGRAM EXECUTIVE 7 84 B 7 8l
PROGRAM PLAN. & REPT. 19 230 19 230
INDUSTRIAL RELATIONS| 2 I 42
ENGINEERING
LAB TECHNICIANS 507 4,924 507 2,924
TOOLING
PRODUCTION
MANUFACTURING TEST
MANUFAGTURING TECH. .
Q& RA ' 135 1,314 135 1,314
FACILITIES
DIRECT DIST 162 1,575 162 1,575
TRALNING i 7 7 72
TOTAL DIRECT LABCR| 30 356 811 7,885 8l 8,241
MATERIAL 1 1,254 1,255
LOGISTIC HARDWARE
BURDEN 427 27
TOTAL MATERT AL 1 1,681 1,682
TOTAL OTHER
TOTAL COST
357 9,566 9,923




MLLV

PART L

MANUFACTURING DEVELOPMENT - S/S
ASSEMBLY OR SYSTEM
TABLE 4- l-4l0_II

Element of Cost Manhours Manhours
Dipect Labor

BEryrineering

Logistics

Laboratory Technician 506,559
Production

Tooling

Manufacturing Test

Q&RA ) 135,203
Facilities

Manufacturing Technician

Total Direct Labor 641,762

1
Program Executive 7,071
Program Planning & Reporting . 19,484
Industrial Relations -, 348
Total Labor - Part I _ 30,903

Material

Program Planning & Reporting
Industrial Relations

Material Subtotal
Material & Administrative Burden

Total Material

TOTAL COST ~ PART I

423

Dollars

83,509
230,106

42,263

355,878

390
13l

324
240

1,104

356,982
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TABLE 4.1.4.0-TIT

MLLV PART 11 COST SUMMARY MANUFACTORING DEVELGPMENT - 5/S ) D 3 [YE o D {IN THOUSA®DS)
SNGINEERING PRODUCTION TOCLING TEST TOTAL
ELEMENT OF C037
HIH b M/H 3 /4 8 M/H 3 M/ 5
ENGINEERING
LAR TECHNICIANS 507  |&,924 507 b, 924
TOCLING ' '
PRODUCTION
MANUFACTURING TEST
MANUFACTURING TECH.
Q&R A 135 11,314 135 1,314
DIRECT DIST 162 1,575 162 1,575
TRATNING 7 72 7 72
{ TOTAL DIRECT L:iZiR 811 7,885 811 7,885
MATERTAL ]
LAB. TECHNICIAKS 1,213 . 1,213
TOOLING '
PROGUCTION
MFG. TECHNICIL:S
Q& R A 4 1
SUBTOTAL 1,284 1,250
MAT, & ADM, EURLED Yo d
TOTAL MATERIAL ] 11,681 1,681
|
TOTAL PART IZ 7737 9, 566 9,566




MLLYV
DEVELOPMENTAL COST
NON-RECURRING

MANUFACTURING DEVELOPMENT - S/S

TABLE 4.1.4.0-1IV

Element of Cost

Lab Technician
Direct Disiributable

Subtotal

Training

Subtotal
Q&RA

Total Labor

Material

Lab Technician
Q&RA

Material Subtotal .
Mzteriagl & Admin.Burden

Total Material

TOTAL COST

425

Manhours Dpllars
{In Thousands)

506, 559 b,o24
162,099 1,575
668,658 6,499
75355 72
676,013 6,571
135,203 1,314
811,216 7,885
1,213

L1

1,254

w27

1,681

9,566
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4,1.5 Systems Test - Single Stage Vehicle

Systems tests are identified as those tests that are required in addition to the
major testing (dynamic static load, flight, etc., that are displayed elsewhere in
Section 4.0). It was not possible to define all of the gpecific tests that fall within
this category; however, the requirements for this general category were
estimated in terms of overall program costs by applying historical data to the
overall cost of producing the first flight vehicle.

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 cost estimates for the single stage.

Table 4. 1. 5. 0-1 shows the resulting cost estimates for component and subsystem
testing of the single stage.

Systems test include (but are not limited to):
a. On-board test and checkout
b. Qualification testing

c. Acoustics testing, etc.
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TABLE 4.L.5.0~-1I

8¢%

MLLY¥ COST SUMMARY SYSTEMS TEST - S/S aOs[@cl] (I3 THOUSANDS)
PROGRAM MGMT. [CONT. END ITEM FACILITIES LOOISTICS TATAL
ELEMENT OF COST FART I BART IT PART ITI | PART IV OTHER
]
we | 8 | wE | s I s 5] 8 M/H $

PROGRAM EXECUTIVE

PROGRAM PLAN. & REPT.

INDUSTRIAL RELATIONS

ENGIWEERING

LAE TECHNICIANS

TOOLING

PRODUCTION

MARUFACTURING TEST

MANUFACTURING TECH.

Q&RA

FACILITIES

DIRECT DIST

TRATNING

TOTAL DIRECT LARCR

MATERIAL

LOGISTIC HARDWARE

BURDEN

TOTAL MATERIAL

TOTAL OTHER 126, 000 120,000

TOTAL GUST
120, 000 120,000




MLLV
DEVELOPMENTAL TESTING COST
NON-EECURRING

SYSTEMS TEST

TABLE 4.1.5.0—II

Element of Cost

Miscellaneocus Test include:
On board test & C/0O system development.
Qualification testing

Acoustics testing, etc.

Single Stage Cost (1)

(1) Cost based on Engineering estimate.

429

Dollars
(In Thousands)

$120,000
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4,1.6 Engine PFRT and Qualification Testing - Main Stage
This section shows the development test costs for the following types of engines:

4,1.6.1 Multichamber/Plug (with 24 modules having single position nozzles and
a vacuum thrust of :388,000 pounds)

4,1.6.2 Toroidal/aerospike (1200 psia with 28 modules, each producing
286K pound thrust at sea level)

4,1.6.3 Toroidal/aerospike (1200 psia with 8 modules, each producing one
million pound thrust at sea level)

4,1.6.4 Toroidal/aerospike (2000 psia with § modules, each producing one
million pound thrust at sea levely

Figure 4.1.86.0-1 shows the MLLV main stage liquid engine propuision system costs.

The multichamber/plug propulsion system is shown as the engine system on the main
stage with the three toroidal/aerospike systems as alternative propulsion systems.,

431



ENGINES MULTICHAMBER
$325, 471

4.1.6.0§ 4,1.6.1

-
I
I TORODAL ,
I 286K - 1200 PSI |
i sw08,em
1 b
1
I

4.1.6.21
et e . v— -
TOROIAL |

TOROIDAL
1M# - 2000 PSI

$195, 271
4.1.6.4

- e v e oam ol

Fe————-

NOTES: ALTERNATE SYSTEMS,
DOLLARS ARE IN THOUSANDS,
NUMBERS IN LOWER RIGHT CORNER

DESIGNATE APPLICABLE SECTION
NUMBER FOR COST DETAILS.

FIGURE 4.1.6.0-1 MLLV MAIN STAGE ENGINE OPTIONS COST DEVELOPMENT
TEST, "B'" COST
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4,1.6.1 Multichamber/Plug Engine - Main Stage

]
Parametric cost data was received from Pratt and Whitney for the multichamber/
plug propulsion system. This data covered a range of propulsion system sizes
from above the requirements for a full size AMLLV engine {o below that of a half
size (MLLV) engine (Figure 4.1.6.1-1)., The data received included the total cost
for engine development, PFRT and gualification testing as a function of module
vacuum thrust.

As stated in Section 1.0, of Book A, the program development costs (for the purpose
of this study) were sub-divided into two categories: (1) Get Ready or “A'f cogts and

(2) Developmental Testing or "B" costs. Since the parametric data (Figure 4.1.6.1-1)
included costs associated with both categories, it was necessary to establish the
appropriate costs associated for each of the categories. The allocation pertaining

to development fest costs will be discussed herein (the get ready costs were

discussed in Book A). The only cost data received, that reflected program costs

for engine development, (by "A" and "B" cost categories) was that submitted by
Rocketdyne on the 1200 psia toroidal/aerospike engine system. Figure 4.1.6,1-2
displays, in terms of percentages, the elements of cost developed from this data.

The percentages developed were then applied to the multichamber/plug propulsion
system total development costs to divide if into get ready and development test
costs. The example below illustrates how these costs were divided.

Example: Prait and Whitney total cost $345 million X 77. 3% (from Figure 4.1.6. 1—2)

= $266. 7M development test cost (the remainder being used in the
get ready or "A" cost).

Table 4. 1. 8, 1-I displays the results of this compufation, These costs were also
supplemented by other costs for facilities and capital equipment.

Figure 4. 1. 6. 1-3 reflects the parametric dafa received from Pratt and Whitney
for propellant consumption during the engine development program. The
propellant data was provided in millions of pounds of propellant as a function of
module vacuum thrust/thousands of pounds., This data was then converied fo total
dollars and was used on all three engine systems.
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VED

MODULE DEVELOPMENT COST - MILLIONS OF DOLLARS

500 —
//’
]
/(
O
400 : L -
- // —
345"«-—-—-————--———?' //
/ i _— ?ﬁ‘?ﬁ:
7 - ' —
/I'/ COST OF FACILITIES AND
200 ] i PROPELLANTS NOT INCLUDED
// l
o | _
L~ I
/ )
100 ' :
# |
04 '
100 200 300 388100 500 600 700 800 900

MODULE VACUUM THRUST - THOUSANDS OF POUNDS

FIGURE 4.1.6.1-1 MLLV MAIN STAGE PROPULSION SYSTEM - ESTIMATED MODULE
DEVELOPMENT COSTS.0XYGEN/HYDROGEN MULTICHAMBER/
PLUG FROPULSION SYSTEM (PRATT & WHITNEY DATA)
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Get Ready or Development Test or "B" Percentages
"A" Percentages|[ Componeént Engine PFRT Qual.
Design and Development
Engineering 72.2% 46.8% 34.7% 35.1% 35.1%
Test -0- 22.6 12,7 8.8 8.8
Equipment 2.5% 4.0 5.8 -0~ -0-
Tooling (Basic) 25.3 4.0 3.9 -0- -0~
Fabrication -0- 22.6 42.9 56.1 56.1
Subtotal 100% 46.8% 100% 24.9% 100% 52.1%(100% 11.5% 100% 11.5%
Production (Non—Recurr—
ing
Tooling (Basic) 55.5%
Equipment 16.7%
GSE 27.8%
Subtotal 100% 53.2%
22.7% 77.3%
100%

Total

NOTE:

Rocketdyne, in memo No.

These percentages were:

1. Used as is for the 1200 psia,

286K thrust engine
2. Used to allocate the amount applicable to "A" and "B" cost categories
on the multichamber/plug engine

Percentages based on 1200 psia 286K pound thrust module, as submitted by
68 RC-16347 dated December 20, 1968.

DEVELOPMENT COST FOR 1200 PSIA TOROIDAL/AEROSPIKE PROPULSION SYSTEM

DIVIDED INTO PERCENTAGES OF GET READY AND DEVELOPMENT TEST COST-
BASED ON 1200 PSIA - 286,000 POUND THRUST MODULE




3000

2000 (QUALIFICATION)
/ /
2800 L/
NUMBER OF TESTS /
2600+
2400

2200
/

2000 /
1800 . / -
1600 =—

2
=
o
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& /
Z /
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. /
e NUMBER OF TESTS
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| /
400 /J.‘
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FIGURE 4.1.6.1-3 MLLV MAIN STAGE PROPULSION SYSTEM - ESTIMATED PROPELLANT
CONSUMPTION DURING ENGINE DEVELOPMENT INCLUDING
ANCILLIARY FLUIDS.OXYGEN/HYDROGEN MIXTURE RATIO,
6:1 (PRATT & WHITNEY DATA)
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TABLE 4.1.6.1-1
MLLV COST SUMMARY(MULTICHAMBER) SINGLE STAGE ENGINES AldsEg c] (I THOUSANDS)

LEY

PROGRAM MGMT. |CONT. END ITEM JFACILITIES LOGISTICS TOTAL
ELEMENT OF COST PART I PART IT PART IIT } PART IV

OTHER

Wi | s | we | s s B s M/H

R=28

PROGRAM EXECUTIVE

PRCGRAM PLAN. & REPT.

INDUSTRIAL RELATIONS

ENGINEERING 100, 800 ’ ‘ ' 100, 800

LAB TECHNICIANS

TOOLING 8,10 8,100

FRODUCTION 119, 800 119,800

MANUFACTURING TEST 38, 000 38,000

MANUFACTURING TECH.

Q& RA

FACILITIES

DIRECT DIST

TRAINING

TOTAL DIRECT LAECR 266,700 266,700

MATERIAL *58771 58,771

LOGISTIC HARDWARE

BURDEN

TOTAL MATERIAL 58771 ' 58,771

TOTAL OTHER

TOTAL COST
266,700 58,771 325,471

*  PROPELLANTS



"Bt - COSTS

Engineering
Test

Equipment
Tooling (Basic)

Fabrication

Subtotal

MLLY

STNGLE STAGE ENGINE

MULTI-CHAMEER
PLUG ENGINE

TABLE 4.1.6.1-IT

Component
$31: 0M
15.0M
2.7M
2., 7™M

15.0M

$66.4M

438

Engine PFRT Qual.
$ 48.24  $10.8M $10.8M
17.6M 2.7M 2.7M
8.1M
5.0M
59.6M  17.2M  17.2M
$138.9M  $30.7M $30.7M

Total
$100.81
38.0M
10.8M
8.1

109.0M

$266.7M



MLLV

PROPELLANT CONSUMPTION
TNC. ANCILLAR{ FLUIDS
OXYGEN/HYDROGEN
MIX RATIO = 6.0

2,000 QUALIFICATION TESTS

SINGLE STAGE ENGINE PROGRAM
MULTT-CHAMBER

PLUG ENGINE

TABLE 4.1.6.1-III

TOTAL _CONSUMPTION 1,210,000,000 1bs.
OXYGEN : 1,037,142,857 1bs.
HYDROGEN 172,857,143 1bs.

COST .
OXYGEN $.015 X 1,037,142,857 1bs. = $15,557,143
HYDROGEN $.25 X 172,857,143 1bs. = 43,214,286

TOTAL $58,771,429
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4,1.6.2 Toroidal/Aerospike Engine Cost - 1200 PSIA (286, 000 Pound Thrust)

This paragraph presents the get ready cost for a foroidal/aerospike engine system
consisting of twenty-eight 1200 psia modules, each of which will produce 286, 000
pounds of sea level thrust. Costs for this alternafive engine system were supplied
by Rocketdyne. ;

Figure 4.1. 6.2-1 displays, in terms of percentages, a breakdown of the A and B
categories.

NOTE: The costs for this engine configuration are not
added in the cost summary for the single stage
vehicle shown in Table 4,1, 6.1-1 above. The
toroidal/aerospike engine costs must be substituted
in lieu of thogse for the multichamber/plug engine
to define the cost of the single stage vehicle with
the toroidal/aerospike engine system.

Table 4.1.6.2-I displays fthe resulis which include propellant costs.
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TABLE 4.1.6.2~1

MLLY COST SUMMARY . SINGLE STAGE ENGINES (TOROIDAL) AllsEd ] (IN THOUSAXDS)
PROGRAM MGMT. |CONT. END ITEM [FACILITIES LOGISTICS TOTAL
ELEMENT OF COST PART T PART 11 PART TIT PART IV OTRER
L EEENE-EN - M/H ;
PROGRAM EXECUTIVE
PROGRAM PLAN. & REPT.
INDUSTRIAL RELATIONS
ENGINEERING ' 18,800 18,800
LAB TECHNICIANS
TOOLING 1,500 1,500
PRODUCTION 22,300 22,300
MANUFACTURING TEST 7,100 7,100
MANUFACTURING TECH.
Q& RA '
FACTLITIES
DIRECT DIST
TRAINING
TOTAL DIRECT LARCR 49,700 49,700
MATERTAL 58771 58,771
LOGISTIC HARDWARE
BURDEN
TOTAL MATERIAL 58771 58,771
TOTAL OTHER
TOTAL COST
49&700 583??1 _:}-(_)_8_:5’7]-

* PROPELLANT




MLLV
TORCIDAL ENGINE PROGRAM
286 K THRUST PER MODULE
1200 PST

TABLE 4.1.6.2-1II

(In Millions)

Component Engine PFRT Qual Total
B. Developmental Testing

Engineering $ 5.8 $ 9.0 $2,0 $2.0 $18.6

Test ﬂ 2.6 3.3 o5 .5 7.1

Equipment oD 1.5 2.0

Tooling (Basic) o5 1.0 1.5
Fabrication 2.8 11,1 3.2 3.2 20.3

Subtotal $12.0 $25.9 $5.7  $5.7 $49,7

8.0 Million Pounds Thrust - 28 Modules (6 Segments, Per Module).
J-25 Engine Turbo-machinery Unit.

442



4,1.6.3 Toroidal/Aerospike Engine Cost - 1200 PSIA (One Million Pound Thrust)

This paragraph presenis the get ready cost for a toroidal/aerospike engine system
consisting of eight 1200 psia modules, each of which will produce one million
pounds of sea level thrust. Costs for this alternative engine system were supplied
by Rocketdyne.

Figure 4. 1. 6. 3-I displays, in terms of percentage, the breakdown of A and B costs.
These percentages and the results are displayed in Table 4. 1. 6. 3-1. Propellant
costs are also included.

NOTE: The costs for this engine configuration are not
added in the cost summary for the single stage
-yehicle shown in Table 4,1,6,1~I above, The
toroidal /aerospike engine costs must be substituted
in lieu of those for the multichamber/plug engine
to define the cost of the single stage vehicle with
the toroidal /aerospike engine system,
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Get Ready or

Development or "B" Percentages

"A" Percentages|| Component Engine PFRT Qual,
Design and Development
Engineering 68.2% 28.3% 26.7% 25.5% 25,5%
Test -0~ l 11.4 6.7 6.4 6.4
Eguipment 4.5 12.5 | 20.3 -0- -0-
Tooling (Basic) 27.3 5.2 1.8 - -0~
Fabrication (= 39.5 44.5 68.1 68.1
Subtotal 100% 51.1% 100% 34.5% 100% 48.5% 100% 8.5%100% 8.5%
Production (Non-Recurr-
ing)
Tocoling (Basic) 38.1%
Equipment 23.8
GSE 38.1
Subtotal 100% 48.9%
. 16.3% B3.7%
Total 100%
NCTE:

Rocketdyne, in memo No. 68RC-16347 dated December 20, 1968.

This percentage was:

Percentages based on 1200 psia, one million pound thrust module, as submitted by

(1) Used as is for the 1200 psia, one million pound module and for the 2000 psia,
one million pound module.

FIGURE 4.1.6.3-1 DEVELOPMENT COSTS FOR 1200 AND 2000 PSIA TOROIDAL/AEROSPIKE PROPULSION
SYSTEM DIVIDED INTO PERCENTAGES QF GET READY AND DEVELOPMENT TEST COSTS-

BASED ON 1200 PSIA - ONE MILLION POUND THRUST MODULE



SINGLE STAGE ENGINES

TABLE 4.1.6.3-1 (TOROIDAL)
MLLV COST SUMMARY - A0 c] (IN THOUSANDS)
PROGRAM MGMT. [CONT. END ITEM [FACILITIEY LOGISTICS TOTAL
ELEMENT OF COST PART I PART II PART III | PART IV OTHER
¥/H $ | wu s 1= s |5 s M/H N

N4

PROGRAM EXECUTIVE

PRCGRAM PLAN. & REPT.

INDUSTRIAL RELATIONS

ENGINEERING 30,300 230,300

LAB TECHNICTIANS

TOOLLUHG , 3,000 3,000
PRODUCTION 67,500 67,500
MANUFACTURING TEST 10,100 10,100
MANUFACTURING TECH.
Q& RA '
FACILITIES
DIRECT DIST
TRAINING

TOTAL DIRECT LARCR 110,900 | 110,900
MATERIAL *58771 58,771
LOGISTIC HARDWARE

| BURDEN
TOTAL MATERT AL ‘ 58771 58,771

TOTAL OTHER

TOTAL COST

" [L10,900 58,771 169,671

* PROPELLANT



MLLV

TOROIDAL ENGINE PROGRAM
1m K THRUST PER MODULE 1200 PST

TABLE 4.1.6.3-II

{In Millions)

Component Engine  PFRT Qual Total
B., Developmental Testing

Engineering $11.6 $14.3 $2,5 $2.5 $ 30.3

Test 5.3 3.6 .6 .6 10,1
Equipment 4,8 10.8 15,6

Tooling (Basic) 2.0 1.0 3.0
Fabrication 15.1 2h,0 6.4 6.h 51.9

Subtotal $38.2 $53.7  $9.5  $9.5 $110.9

8.0 Million Pounds Thrust - 8 Modules (20 Segments/module; 1 million/

module). New Turbo=-machinery unit.
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4,1.6.4 Toroidal/Aerospike Engine Cost - 2000 PSIA (One Million Pound Thrust)

This paragraph presents the get ready cost for a foroidal/aerospike engine system
consisting of eight 2000 psia modules, each of which will produce one million
pounds of sea level thrust. Costs for this alternative engine system were supplied
by Rocketdyne. However, the costs for the "A'" and "B" categories were combined
together.

In order to determine that amount which applied to "B'" costs only, the same
percentage apportionment befween A and B costs used for the 1200 psia one million
modules was applied to the 2000 psia one million propulsion system. Figure

4.1, 6, 3-1 displays, in terms of percentages, this breakdown of the categories,
These percentages were then applied to the 2000 psia module data and the results
are displayed in Table 4. 1. 6. 4-1. Propellant costs are alsc included.

NOTE: The costs for this engine configuration are not
added in the cost summary for the single stage
vehicle as shown in Table 4.1.6.1-Iabove, The
toroidal/aerospike cost must be substituted in lieu of
those for the multichamber/plug engine to define
the cost of the single stage vehicle with the
toroidal/aerospike engine system.
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TABLE 4.1.6.4-1
MLLV COST SUMMARY SINGLE STAGE ENGINES (TOROIDAL) ads®c (IN THOUSANDS)

PROGRAM MGMT. | CONT. END ITEM [FACILITIES LOGISTICS

ELEMENT OF COST PART I PART IT PART IIT | PART 1V TOTAL

= OTHER

M/H $ M/H I E $ M/

M/H
&

PROGRAM EXECUTIVE

PROGRAM PLAN. & REPT.

INDUSTRIAL RELATTONS

ENGINEERING 37,300 37,300

LiB TECHNICIANS

TCOLING 3,900 3,900

PRODUCTION 83,800 83,800

MANUFACTURING TEST 17 . 500 11,500

MANUFACTURING TECH.

Q& R A

FACILITIES

DPIRECT DIST

TRAINING
TOTAL DIRECT LARCR
MATERTAL

136, 500 136,500
*#58771] 58,771

LOGISTIC HARDWARE

BURDEN
TOTAL MATERTAL
TOTAL OTHER

58771 58,771

TOTAL cos? 136, 500 58,771 195,271

* PROPELLANT




Engineering
Test

Equipment
Tooling (Basic)
Fabrication

Subtotal
(Incl. Fee)

(A & B = $161.6m)

MLLV
TOROIDAL ENGINE PROGRAM
1m THRUST PER MODULE

2000 PSI
TABLE 4.1.6.4-I1

“B" COSTS
(DOLLARS IN MILLIONS) .
COMPONENT ENGINE PFRT QUAL. TOTAL
13.6 17.7 3.0 © 3.0 37.3
50 L!"-L[’ .? 07 11'5
6.2 13.4 19.6
2.7 1.2 3.9
18.9 29.5 7.9 7.9 k.2
L7l 66.2 11.6 11.6 136.5
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4,1.7 Facility Checkout Vehicle - Single Stage Vehicle

The facility vehicle is defined as the test article that will be used to checkouf the
following:

2. The manufacturing tools, facilities and equipment

b. All R&D test facilities and equipment

c. Handling and transportation equipment

d. Launch complex facilities and support areas

e. All GSE (manufacturing facility and launch facility)

f. All processes and procedures

The primary objective of the facility vehicle is to achieve a state of operational
readiness prior to processing of the flight vehicles. The costs associated with
this facility vehicle are displayed in Table 4.1, 7, 0-1. The facility vehicle consists
of the following types of cost elements.

a. Single stage structure

b, Systems

¢. Transportation from the manufacturing plant to the launch site

d. The cost of a dummy payload and instrument unit

e. Launch cycle cost (based on one years cost to checkout the facility_)

i,  Propellant cost

g. Launch site maintenance cost

451



st

TABLE 4.1.7.0-TI
MLLV COST SUMMARY

FACILITY VEHICLE SINGE STAGE

A0=2EcO

(IN THOUSANDS)

ELEMENT OF GOST

PROGEAM MGMT.

PART T

CCRT. BND ITEM

PART IT

FACILITIES
PART IIT

LOGISTICS

PART IV

M/H

$

M/H

3

a s
[

=

3

ju =)
—

=

$

QTHRR

TOTAL

M/H

£

PROGRAM EXECUTIVE
PROGRAM PLAN. & REPT.
INDUSTRIAL RELATTONS
ENGINEER YN

LAB TECHNICIANS
TOOLING

PRODUCTION

MANUFACTURING TEST

MANUFACTURING TECH.

Q& RA

FACILITIES

DIRECT DIST

TRATHING

TO¥AL DIRECT LABCR

MATERTAL

| LOGISTIC HARDWARE

BURDEMN

TOTAL MATERIZAL

TOTAL OTHER

287,538

287,536

TOTAL COST

287,536

287,536




MLLV
NON-RECURRING

Ré&D COST
FACILITY VEHICLE - .S/S

TABLE 4-1-7.0_']::[

Element of Cost ] Dollars
(In Thousands)

Structures 23,464
Systems 16,779
Transportation 8y
Dummy Payload & 1U 750
Launch Operations 225,672
Propellant 3,287
Launch Manintenance € 1 YR) 17,500

Total Cost 287,536

453



THIS PAGE INTENTIONALLY LEFT BLANK

454



PRECEDING PAGE REANK NOT HLMED.

4,1.8 Manufacturing Mockup Vehicle - Single Stage Vehicle

The manufacturing mockup will be used extensively to aid and assist in the
development of the production tooling and the manufacturing fechniques,

This mockup is not & complete vehicle, but is limited to full size sub-assemblies

and sub-systems. The cosis for developing the mockup for the single stage vehicle
are reflected in Table 4.1. 8. 0-1.
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TABLE 4.1.8.0-I

MLLV COST SUMMARY  MANUFACTURING MOCKUP - S/S sl sldc] (Ii THOUSANDS)
PROGRAM MGMT. |CONT. END ITEM JFACILITIES LOGISTICS TOTAL
FLEMENT OF COST PART I PART II1 PART III | PART IV OTHER
M/H $ M/ s =8 I s M/ 5

PROGRAM EXECUTIVE 3 30 3 30
PROGRAM PLAN. & REPT.| ¢ 7 6 76
INDUSTRIAL RELATIONZ| 1 14 1 14
ENGINEERING

LAB TECHNICIANS

TOOLING
PRODUCTION 168 1,634 168 1,634
MANUFACTURING TEST
MANUFACTURING TECH.

Q& R A 45 436 45 k36
FACILITIES
DIRECT DIST Sl 523 S 523
TRAINING 2 o o 24

TOTAL DIRECT LAESR| 10 119 269 {2,617 279 2,736
MATERTAL 330 330
LCGISTIC HARDVWARE
EURDEN 110 110
" TOTAL MATERI:L 440 _ L0

TOTAL OTHER | }
TQTAL COST l 119 3,057 i 3,176




MLLV

PART T

MANUFACTURING MOCK-UP - S/S
ASSEMBELY OR SYSTEM

TABLE 4.1.8.0-II

Blement of Cgst Manhours Manhours
Diprect Labor

Engineering

Logislies

Laboratory Technician

Production 168,149
Tooling

Manufacturing Test

Q&RA

Facilities LL, 880

Manufacturing Technician

Total Direct Labor 213,029

—————————
Program Executive 2,556
Program Planning & Reporting |, 6,391
Industrial Relations ] T 1,385
Total Labor - Part I 10,332

Material

Program Planning & Reporting
Industrial Relations

Material Subtotal
Material & Adepinistrative Burden

Total Material

TOTAL COST - PART I
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Dollars

30,186
75,478
13,462

119,126

- 128
139
267

91
358

119,484
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TABLE 4.1.8.0-I1T

MLLV PART IT COST SUMMARY — MANUFACTURING MOCK-UP - S/S 0 s o] {11 THOUSANDS}
ENGINEERING PRODUCTICH TOCLING TEST TOTAL
ELEMENT OF CCST ‘
b/ 5 $ M/H 3 M/H 3 M/H kS M/H 3
ENGINEERING
LAB TECHNICIANS
TOOLING
PRODUCTION 168 1,634 148 1,634
MAWUFACTURING TEST
MANUFACTURING TECH.
Q&R A bs 436 hs 436
DIRECT DIST sl 523 5l 5573
TRATNING 2 ol > oy
TCTAL DIRECT LAZTR | 260 | 2,617 560 2,617
MATERTAL 717 317
LAB. TECHWICIANS
TOOLING )
PRODUCTION
MFG. TECHNICIANS
Q& RA i} 13 13
SUETOTAL 230 430
MAT, & ADM. BURDE:; 110 110
TOTAL MATERTAL Ll ) : 440
17 e
TOTAL PART II 7737 3,057 3,057




MLLV
DEVELOPMENTAL COST
NON-RECURRING

MANUFACTURLNG MOCK-UP - $/S
TABLE 4.1.8.0-TIV

Element of Cost Manhours Dollars
(In Thousands)

Fab. & Assembly 168,149 1,634
Direct Distributable 53,808 523
Subtotal 221,957 2,157
Training 2,442 2l
" Subtotal 22k, 399 2,181
Q&RA . 4 880 436
TOTAL LABOR 269,279 2,617
Material .

Raw Material 317
Q&RA 13
Material Subtotal 330
Material & Admin.Burden 110
TOTAL, MATERTAT, 440
TOTAT, MANUFACTURING COST 3,057
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4,1.9 Systems Development Facility (Breadboard) ~ Single Stage Vehicle

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

Existing facilities at Michoud will be used to house the breadboard. 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.

The costs associated with the SDF for the single stage vehicle.are displayed in -
Table 4,1. 9. 0-1,
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TABLE 4.1.2.0-1

MLLY COST SUMMARY SDF - 3/S sl cd (IH THOUSANDS)
PROGRAM MGMT. |CONT. END ITEM FACILITIES L.OGISTICS TOTAL
ELIMENT OF COST PART T PART II PART TITI | PART IV OTHER -
we | % Mfu LIS /B 5

PRCGRAM EXECUTIVE

PROGRAM PLAN. & REPT.

INDUSTRIAL RELATTIONS

EWGINEERING

LAB TECHNICIAHNS

TOOLING

FRODUCTION

MANUFACTURING TEST

MANUFACTURING TECH.

Q& RA

FACILITIES

DIRECT DIST

TRATRING

TOTAL DIRECT LABCR

MATERTAL

LOGISTIC HARDWARE

BURDEN

[ TOTAL MATERIAL

TOTAL OTHER 73,200 734200

TOTAL COST | 73,200 73,200




MLLV
NON-RECURRING COST
R&D TEST FACILITIES

SYSTEMS DEVELOPMENT FACILITY - S/S

TABLE 4.1.9.0-IT

Element of Cost Dollars
(In Thousands)

Equipment 56,000
Operation 17,200
Total Cost 73,200
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4,1.10 R&D Flight Vehicles - Single Siage Vehicle

The two R&D flight vehicles are the final qualification testing that must precede
the manned {lights in order to qualify the system.

The prime objectives of flight tests are:

a. Evaluation of hardware characteristics and operational procedures which
cannot be adequaiely evaluated by ground testing.

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

c, 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 manuned
flight,

e. Ground crew training,

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.

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

The costs for two single stage vehicles are shown in Table 4. 1. 0. 0~-I. This cost
includes all the cost of stage hardware, R&D instrumentation, instrument unit,

SE &I and launch cycle costs (these launch costs for each R&D flight are based on

a nine month cycle; the normal launch cycle, will however, be based on six mouths).
In addition, these costs include all transportation, facility and equipment maintenance.
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TABLE 4.1.10.0-I
MLLV COST SUMMARY

TWC R&D FPLIGHTS - SINGLE

STAGE

(IN TEOUSAIDI)

ELEMENT OF COST

CONT. END ITEM

PART IT

FACTLITIES
FART TIT

M/H

$

M/H

TOTAL

ik

PROGRAM EXECUTIVE

PROGRAM PLAM.& REPT.

=NDUSTRIAL RELATIONS

AMGINEERING

LiB TECHNICIANS

TIOLLNG

PRODUCTTOM

MANUFACTURING TEST

MLNUFACTIURING TECH.

& RA

FACTLITIES

DIRECT PIST

TRAINING

TOTAL DIRECT LEBCH

MATERTAL

LOGISTIC HARDWARE

.} ZURDEN

"TOTAL MATERIAL

TOTAL OTHER

731,824%

731,826

TOTAL COST

731,82T

731,826




Element of Cost

Stage Hardware (1)
Propellants
Instrument Unit
SDT Operations
Launch Operations

Launch Maint

Instrumentaiion

TABLE 4.1,10,0-1I
MILV

DEVELOPMENTAL COSTS

TWO R&D FLIGHTS - SINGLE STAGE

(DOLLARS IN THOUSANDS)

No, 1

$146,216
3,387
9,346

6, 169
165,856
8,750
8,480

24, 324

$372,428

TOTAL COSTS OF TWO R&D FLIGHTS

$731,826

No, 2

$133,186
3,287
9,346

6, 169
165,856
8,750
8,480

24,324

$359, 398

(1) Includes Transportation and Facility and Equipment Maintenance Costs
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4,1.11  Wind Tunnel (Model Tests) -~ Single Stage Vehicle

Models will be used in wind tunnel tests to investigate the aerodynamic charac-
teristics and dynamic behavior of the MLLV single stage under laboratory conditions.

Test Description

Force Model Tests - The purpose of these tests will be to ascertain range safety
aerodynamics after inflight destruct, by checking the aerodynamic characteristics
of models of selected fragments of the single stage.

MLLYV Single Stage 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,

Performance Characteristics of Various Vehicle Combinations - Model tests will
determine aerodynamic performance characteristics of possible vehicle configurations

within the vehicle family.

Resource Requirements

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

Based on prior test experience, the following estimates were made as shown in
Table 4.1,11. 0-1.
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TABLE 4.,1.11.0-1

MLLV COST SUMMARY WIND TUNNEL s0sE@cT (1IN THOUSANDS)
PROGRAM MGMT. |CONT. END ITBM [FACILITIES 1LOGISTICS TOPAL
M/H 5 M/H s 1S 8- 5 8 /4 5

FPROGRAM EXECUTIVE

PROGRAM PLAN. & REPT.

INDUSTRIAL RELATTIONS

ENCGIVEZRIRG

LAER TECHNICIANS

TOOLING

PRODUCTION

MANUFAGCTURING TEST

MANUFACTURING TECH,

Q& RA

FACILITIES

DIRECT DIST

TRATNING

TOTAL DIRECT LABOR

MATERTAL

LOGISTIC HARDWARE

BURDEN

TOTAL MATERIAL
TOTAL CTHER

600 60C .

TOTAL COST A00 600




MLLV

DEVELOPMENTAL TESTING COSTS
NON-RECURRING

WIND TUNNEL TEST

PABLE 4.1.11.0-II

Element of Cost Dollars
(In Thousands)

Single Stage 600

These Costs based on Enginsering Estinate.
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4,2 WJECTION STAGE ~ ENGINE MODULE

The summary costs for testing of the injection stage - engine module are displayed
in Table 4. 2. 0. 0~I. The costs include not only the cost associated with conducting
the tests but also the costs of the test specimens, Specimen costs were developed
from the recurring costs contained in Book C of this volume. Figure 4,2, 0. 0-I
displays the total costs associated with the injection stage - engine module and the
appropriate subparagraph where the cost information is located.
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TABLE 4.2,0.0-I
MLLY COST SUMMARY

ENGINE MCDULE

A sEf c]

{IN THOUSANDS)

PROGRAM MOMT.

CONT. END ITEM

FACTILITIES LOGISTICS

ELEMENT OF COST PART T PART IT PART ITL§ PART IV | oo T.OTf‘L_ ,
M/H $ u/u s Bl s Bl M/H 3
PROGRAM EXECUTIVE 9 83 9 84
PROGRAM PLAN. & REPT. qg 508 13 208
INDUSTRIAL RELATIONS| 1 38 3 38
ENGINEERING 132 | 54,952 132 54,957
LAB TECHWICTANS 10 1,015 104 1,015
TOOLING L4, 300 4,300
PRODUCTION 277 . 166,391 277 56,391
MANUFACTURING TEST 20,100 20.100
MANUFACTURTNG TECH.
Q& RA 74 727 7h 727
FACILITIES
DIRECT DIST 12) 1,136 121 1,186
TRAINING g &l 3! 6l
TOTAL DIRECT LAROR| 30 330 716 {48,725 746 149,055
MATERTAL 1 " 557 . 358
LOGISTIC HARDWARE 16546 yé;sz;s _
| BURDEN 151 191
TOTAL MATERILD 1 17,204 17,295
TOTAL OTHER 850 140,903 141,753
TOTAL COST 331 166, 119 850 140,903 308,103




ENGINE MODULE

$308, 103
4.2,0,0
STATIC LOAD COMPONENTS
$11, 2086 $1, 378
4.2.1,1
: 4,2,1.0
TANK ASSY.
DTV TEST $3, 681
$12, 000 4.2.1.2
STAGE ASSY,
4,2,2.0 $6, 247
MFG. DEV, 4.2.1.3
$1, 701 )
4.2.3.0
SYSTEMS TEST
$20, 000
4,2.4.0
ENGINES
$159, 471
4,2.5.0
FAC. VEH.
$25, 212
, 4.2.6.0
fANGFAGTORING
MOCKUP
$793
4.2.7.0
SDF
5
.21 NOTES:
4.2.8.0 DOLLARS ARE IN THOQUSANDS.
:%:8. NUMBERS IN LOWER RIGHT CORNER

2 R&h FLTS. DESIGNATE APPLICABI.E SECTION
$70,505 NUMBER FOR COST DETAILS.

4.2.9.0

FIGURE 4. 2. 0. 0-1 MLLV INJECTION STAGE ENGINE MODULE COST DEVELOPMENT
TEST, "B" COSTS
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4,2,1 Static Load Test - Injection Stage, Engine Module
The total cost of conducting all of the static load fests for the injection stage - engine
module are displayed in Table 4.2.1.0-1I, In addition, Figure 4.2.1.0-1 displays
the cost and subparagraph number at the various components that require static
testing, Paragraph 4.2.1.1 through 4. 2,1. 3 reflect the cost for the fank assembly,
stage assembly and other components; which include the necessary material and
labor to accomplish the following functions:
a, Engineering

1. Mechanical and electrical design

2. Drafting and support

3s Liaison

4, Conduct the test

5. Test reports
b. Manufacturing

1. Facility checkouf and preparation

2. Specimen installation

3. Load fixture fabrication

4, Load fixture installation

5, Plumbing installation

6. Instrumentation installation

7. Mechanical checkout

8. Electrical checkout

9. Conduct the test

10. Teardown effort

476



4.2.1 (Continued)
¢, Material and Parts
1. Raw material
2. Mechanical components
3. Electrical transducers
4, Electrical components and equipment
5. Test specimen (from "C'' cost)
d. Retest Costs
Parts, materials and labor costs
The test facilities that are to be utilized for the single stage vehicle were considered

adequate to accommodate the engine module; therefore, no additional facility or
equipment costs were added for testing of the engine module. .
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TABLE 4.2.1.0-I

MLLV COST SUMMARY — STATIC LOAD TEST = ENGINE MODULE A0 EE ] (1N THOUSANDS)
PROGRAM MGMT. |CONT. END LTEM [FACILITIES LOGISTICS TOTAL
ELEMENT OF COST PART T PART IT PART I31 ] PART IV | e
we | ¢ | waE | s =8 5 s u/H 3
PROGRAM EXECUTIVE 3 26 N 3 26
PROGRAM PLAN. & REPT. = N g Gl
INDUSTRIAL RELATIONS| 1 12 1 12
ENGINEERING 61 719 61 719
LAB TECHNICIANS
TOOLING
PRODUGTION 115 11,119 115 1,119
MANUFACTURING TEST
MANUFACTURING TECH.
Q& RA 5 56 5 56
FACILITIES
DIRECT DIST 37 358 37 358
TRAINING 3 26 3 26
TOTAL DIRECT LABOR| ¢ 102 221 2,268 230 2, 370
MATERTAL ' 127 127
LOGISTIC HARDWARE 8,665 8,665
BURDEN Ll il
TOTAL MATERT AL . 8,836 8,836
TOTAL OTHER
TOTAL COST 102 11,10k 11, 206




STATIC LOAD COMPONENTS
$11, 206 $1, 378
4,2.1.0 ' 4.2.1,1
TANK ASSY.
$3, 581
4,2.1.2
STAGE ASSY.
$6, 247
4.2.1.8

. NOTES:
DOLLARS ARE IN THOUSANDS,
NUMBERS IN LOWER RIGHT CORNER
DESIGNATE APPLICABLE SECTION
NUMBER FOR COST DETAILS.

FIGURE 4.2.1,0-1 MLLV INJECTION STAGE ENGINE MODULE STATIC LOAD COSTS
DEVELOPMENT TEST, "B" COSTS

479



4,2,1,1 Component Testing ~ Static Load Test
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TABLE 4-2-1—.1""1

187

MLLV COST SUMMARY COMPONENTS - ENGINE MODULE A s c] (IN THOUSANDS)
PROGRAM MGMT. |CONT. END ITEM {FACILITIEY LOGISTICS TOTAL
ELEMENT OF COST PART T PART II PART III| PART IV OTHER
M/H s |we Lo S s 5 ¢ M/H 3
PROGRAM EXECUTIVE 1 6 1 6
PROGRAM PLAN. & REPT. 1 15 1 15
INDUSTRIAL RELATIONS .3 3
ENGINEERING 14 168 14 168
LAB TECHNICIANS
TOOLING
PRODUCTI.ON 27 260 27 260

MANUFACTURING TEST

MANUFACTURING TECH.

Q& RA 1 13 1 13
FACILITIES '
DIRECT DIST 9 83 9 83
TRATNING i 13 1 13
TOTAL DIRECT LAEBCR 2 2l 52 527 5l 5581
MATERTAL 29 29
LOGISTIC HARDWARE 788 788
BURDEN 10 10
TOTAL MATERTIAL 827 '827
TOTAL OTHER

TOTAL COST 24 1,354 1,378




MLLV

NON--RECURRING

PART T

STATTC LOAD TES? - COMPONENTS - E/M

ASSEMBLY OR SYSTEM

TABLE 4.2.1.1-II

Elanenit ol Cost

Direc!. Labor

Engineering

Logislies

Laboralory lechnician
Produclion

Tooling

Manufacturing Test
Q&RA

Facilities

Manufacturing Technician

Total Direct Labor

Program Executive
Program Planning & Reporting

Industrial Relations

Total Labor - Part I

aterial

Program Planning & Reporting
Industrial Relalions
Material Subtotal

Material & Administrative Burden

Total Material

TOTAL COST - PART I

482

Manhours Manhours

14,121
26,1510

1,335

HL,866

503

Dollars

$ 5,940

1,256

14,833

272

2,644

2,031

$23,417

$ 25
27

23

18
$ 7L

$23,488



TABLE 4.2.1.1-I1I1

£8¥

MLLV PART II COST SUMMARY — COMPONENTS - E/M A0 sE] c[] (IN THOUSANDS)
ENGINEERING PRODUCTI ON TOCLING TEST TOTAL
ELEMENT OF COST
M/H $ M/H $ M/H 3 M/H $ M/H $
ENGINEERING 4 168 h 168
LAB TECHNICIANS
TOOLING
PRODUCTTON 27 260 27 260
MANUFACTURING TEST
MANUFACTURING TECH.
Q&R A 1 13 1 13
DIRECT DIST 9 83 ) 83
TRAINING 1 13 1 13
TOTAL DIRECT Li2SR | | L 168 a8 n50 o oy
MATERTAL ' *788 788
LAB. TECHNICIANS
TOOLING ]
PRODUCTION 29 29
MFG. TECHNICIZNS '
Q& R A
SUBTOTAL 788 29 ’ 817
MAT. & ADM. EVPDE V 10 10
TOTAL MATERIAL 788 39 827
TOTAL PART 1I 7737 165 788 208 1,358

* SPECIMEN



MLLY
R & D TEST COST
NON-RECURRING
COMPONENTS - E/M
CONDUCT STATIC LOAD TEST
TABLE 4.2.1,1-IV

. (In Thousands)
Element of Cost Manhours Dollars

Engineering 12,420 ¥147
Retest Allowance 1,704 21
TOTAL COST 14,121 $168
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R & D TEST COST
NON~-RECURRING

MLLV

COMPONENTS = £/M

CONDUCT STATIC LOAD TEST

TABLE 4.2,1.1-V

Element of Cost

(1) Manufacturing
(2) Retest Allowance

Subtotal "AM

(3) Direct Distributable
Subtotal "B"

(4) Tréining
Subtetal "C»

(5) Q&RA
TOTAT, LABCR

Materigl

(6) Raw Material & Parts
(7) Q&RA
Material Subtotal

(8) Material & Admin. Burden

TCTAL MATERIAL

TOTAL COST

485

Manhours

21,750

4,960

26,710
8,547

35,257

1,335

35,645
1,335

36,980

(IN THOUSANDS)
Dollars

$211
b9

$260
83

$346

13
$3u6
13

$359

$ 29

$ 29

10
$ 39

5398



4,2.1,2 Tank Assembly - Static Load Test
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TABLE 4.2.1.2-T

L8Y

MLLV COST SUMMARY TANK ASSEMBLY - ENGINE MODULE s[0B e D (IN THOUSAMDS)
PROGRAM MGMT. |CONT. END ITEM [FACTILITIES LOGISTICS TOTAL
ELEMENT OF COST PART 1 PART II PART III ] PART IV OTHER
' u/H s | owm |5 [F s 15 ¢ M/H :
PROGRAM EXECUTIVE 1 5 1 &
PROGRAM PLAN. & REPT., 1 11 . 1 11
INDUSTRIAL RELATIONS 2 ' 2
ENGINEERING 11 127 ) 11 127
LAR TECHNICIANS ' '
TOOLING
PRODUCTION 20 197 20 197

MANUFACTURING TEST

MANUFACTURING TECH.

Q& RA . 1 10 1 10
FACTLITIES .
DIRECT DIST 6 63 6 63
TRAINING ] 1 3 1 3
TOTAL DIRECT LABOR| 2 18 39 400 4 418
MATERIAL 23 , 23
LOGISTIC HARDWARE 3,132 3,132
BURDEN 8 8
TOTAL MATERTIAL 3,163 3,163
TOTAL OTHER
TOTAL COST

18 3,563 3,581



MLLV
NON- RECURRTING

PART I
TANK ASSEMBLY - E/M

ASSEMBLY OR SYSTEM
STATIC LOAD STEST

TABLE 4.2.1.2-I1

Eloment. ol Cost Manhours Manhours Dollars
Dircel Labor
Engineering 10,725
Lopistics
Laboralory Technician
Producl.ion _20,250
Tooling
Manufacturing Test
Q&RA 1,012
Facilities
Manufacturing Technician
Total Direct Labor 1,987 .
Program Executive 384 $ 4,535
Program Planning & Reporting 960 11,338
Induslrial Relations 208 2,022
Total Labor - Part I 1,552 $17,895
Lorial
Program Plaming & Reporting $ 19
Industrial Relations 2L
Material Subtotal’ $ Lo
Material & Administrative Burden 14
Tolal Material $ 54
$17,949

TOTAL COST -~ PART I
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TABLE 4.2.1,2-TIT

MLLV PART II COST SUMMARY TANK ASSEMBLY - E/M {7 ] c] (IN THOUSANDS)
ENGINEERING PRODUCTION TOOLING TEST TOTAL
ELEMENT OF CO37T
M/H $ M/H 3 M/H $ M/H $ M/H $
ENGINEERING 11 127 11 127
LAB TECHNICIANS
TOOLING
PRODUCTION 20 197 20 197
MANUFACTURING TEST
MANUFACTURING TECE.
Q&R 4 1 10 1 10
DIRECT DIST 6 63 6 63
TRAINING 1 3 1 3
TOTAL, DIRECT LA=ZR 11 127 28 273 39 400
MATERTAL *3,132 3,132
LAB. TECHNICIANS
TOOLING
PRODUCTION 03 23
MFG. TECHNICIANS
Q& RA '
SUBTOTAL 3,132 23 3,163
MAT, & ADM, EURDEI _ 8
TOTAL MATERIAL 13,132 21 3,163
— mpame *
TOTAL PART IT 2737 127 3,132 304 3,563

* SPECIMEN




"MLLV
R & D TEST COST
NON-RECURRING

TANK ASSEMBLY - E/M
.CONDUCT STATIC LOAD TEST

TABLE 4.2.1.2—IV

Element of Cost Manhours
Engineering 9,419
Retest Allowance 1,306

TOTAL COST 10,725

490

(In Thousands)
Dollars

$112

L

$127



R & D TEST COST
NON-RECURRING

MLLV

TANK ASSEMBLY - E/M

CONDUCT STATIC LOAD TEST

TABLE 4,2.1.2-V

Element of Cost

(1) Manufacturing
(2) Retest Allowance

Subtotal "AM

(3) Direct Distributable
Subtotal "B"

(4) Traéning
Subtotal "C"

(5) Q&RA
TOTAL LABOR

Materigl

(6) Raw Material & Farts

(7) Q&RA
Material Subtotal

(8) Material & Admin, Burden

TOTAL MATERIAL

TOTAL COST

491

Manhours

16,448
3,802

20,250

6,080

26,730

204

27,024

1,012

28,036

(IN THOUSANDS)
Dollars

$160
37

a7
63

g260
3

$263

10

$273



4,2,1.3 Stage Assembly - Static Load Test
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TABLE 4-2-103—1

£6¥

MLLY COST SUMMARY STAGE ASSEMBLY - ENGINE MODULE A0BE]C (] (IN THOUSANDS)
PROGRAM MGMT. |CONT. END ITEM JFACILITIEY LOGISTICS TOTAL
ELEMENT OF COST PART I PART II PART IV
M/H $ M/H $ =y W/ ;
PROGRAM EXECUTIVE 1 15 T iz
PROGRAM PLAN. & REPT. 3 38 3 38
INDUSTRIAL RELATIONS| 1 v 1 7
ENGINEERING 36 b2k 36 Y2k
LAB TECHNICIANS
TOOLING
PRODUCTION 68 662 68 662
MANUFACTURING TEST '
MANUFACTURING TECH.
Q& RA 3 33 3 33
FACILITIES
DIRECT DIST 22 212 22 . 212
TRATNING . N 10 1 10
TOTAL DIRECT LABOR| 5 £0 130 | 1,341 135 1,401
MATERTAL 74 74
LOGISTIC HARDWARE 4,745 4,745
BURDEN YA oG
TOTAL MATERIAL 4, 846 Ly, 846
TOTAL OTHER
TOTAL COST 60 6,187 6, 247




MLLV

NON-RECURRING
PART T

STATIC LOAD TEST - STAGE ASSEMBLY - E/M
ASSEMBLY OR SYSTEM

1ST UNIT COsT

TABLE 4.2.1.3—II

Elcoment ol Cost

Dircel. Labor

Engineering

Loginbics

Laborabory Peochnician
Produciion

Tooling .
Manufacturing Test
Q&RA

Facllities

Manufacturing Technician

Total Direct Labor

Program Executive
Propram Planning & Reporting

Indusbrial Relations

Total Labor - Part I

alerial

Propram Planning & Reporting
Industrial Relations
Material Subtotal

Material & Administrative Burden

Total Material

TOPAL COST . PARI I

494

Manhours Manhours Dollars
35,944
68,136
3,407
107,487

1,290 $15,235

35225 38,087

699 6,794

$5,214 $60,116

$ 6L

70

134

6

$ 180

$60,296
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TABLE 4.2.,1.3-1I1

MLLV PART IT CCST SUMMARY STAGE ASSEMBLY - E/M [ s ¢ (IN THOUSANDS)
ENGINEERING PRODUCTION TOCLING TEST TOTAL
ELEMENT OF COST
M/H $ M/H $ M/H 3 M/H $ M/H 3
ENGINEERING 36 2k 36 2k
LAB TECHNICIANS
TOOLING
PRODUCTTON 68 662 68 662
MANUFACTURING TEST
MANUFACTURING TECH.
Q&R A 3 33 3 33
DIRECT DIST 22 21z 22 212
TRAINING 1 10 1 10
TOTAL DIRECT LAZCR 3% Lol ol 917 130 1,341
MATERIAL *4,745 4,745
LAB. TECHNICIANS
TOOLING |
PRODUCTION 74 74
MFG. TECHNICIANS
Q& RA 1 1
SUBTOTAL 4,745 75 4,820
MAT, & ADM. EZRDEX 26 26
TOTAL MATERIAL 4,75 101 L, 8L6
TOTAL PART II =727 Lol L, 745 1,018 6,187

* Speciment




MLLV
R & D TEST COST
NON-RECURRING
STAGE ASSEMBLY - B/M
CONDUCT STATIC LOAD ‘TEST

TABLE 4.2.1.3-1IV

(In Thousands)

Element of Cost Manhours Dollars
Engineering 31,620 $373
Retest Allowance L 324 51

TOTAL GOST 35,944 $holy
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MLLV
R & D TEST COST
NON-RECURRING
STAGE ASSEMBLY - E/M
CONDUCT STATIC LOAD TEST

TABLE 4.2.1.3-V

(IN THOUSANDS)

Element of Cost Manhours Dollars
(1) Manufacturing 55,563 $540
(2) Retest Allowance 12,573 122
Subtotal mAM 68,136 $662
(3) Direct Distributable 21,804 212
Subtotal "B" 89,940 $874
(&) Training 289 10
Subtotal "G " 90,929 $o8l
(5) Q&RA 3,407 33
TOTAL LABOR ol ,336 $917
Material
(6) Raw Material & Parts $ 74
(7) Q&RA : 1
Materizl Subtotal $ 75
(8) Materisl & Admin. Burden 26
TOTAL MATERIAL $10¥
TOTAL COST 1,018
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4,2,2 Dynamic Testing ~ Injection Stage ~ Engine Module
The total cost for performing the dynamic fests on the injection sta}ge ~ engine
module are displayed in Table 4. 2. 2. 0-1, these costs include the labor and
material to accomplish the following functions:
a. Engineering

1. Mechanical and Electrical design

2. Drafting and support

3. Liaison

4, Conduct the fest

5. Test reports
b. Manufacturing

1. Facility C/O and preparation

2.. Specimen installation

3. Load fixture - fabrication and installation

4, Plumbing installation

5. Instrumentation installation

6. Mechanical checkout

7. Electrical checkout

8. Cc;nduct the test

9. Teardown effort
c. Material and Parts

1. Raw materials

2. Mechanical components

3. Electrical transducers
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4,.2,2 (Continued)
4, Electrical componrents and equipment
5. Test specimen {from "C' costs)
d. Retest
Parts, materials and labor costs
The test facilities and necessary eqguipment to conduct dynamic testing of the
injection stage - engine module also are displayed in Table 4.2,2,0-~I, These costs

are additive to the dynamic test facility cost of the single stage vehicle as that
vehicle carries the majority of the costs associated with dynamic testing.
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TABLE 4.2.2.0-1

MLLV COST SUMMARY  DYNAMIC TEST - ENGINE MODULE A s (1IN THOUSAMDS)
PROGRAM MGMT. |CONT. END ITEM [FACILITIES LOGISTICS TOT AL
ELEMEWT OF COST PART T FART IT PART III | PaRT IV OTHER
u/u s {wm | s B3 [E ¢ M/H 3
PROGRAM EXECUTIVE 3 31 3 31
PROGRAM PLAN. & REPT. 7 78 7 78
INDUSTRIAL RELATIONS| - 14 1 14
ENGINEERING val 833 71 833
LAB TECHNICIANS
TOOLING
PRODUCTION 120 1,164 120 1,164
MANUFACTURING TEST
MANUFAGTURING TECH.
Q&RA 30 291 30 291
FACILITIES
DIRECT DIST 13 372 38 372
TRAINING > 17 5 17
QTAL DIRECT LABGR| 11 123 261 | 2,677 _ 272 2, 800
MATERIAL ) 1 349 - 350
LOGISTIC HARDWARE 7,881 7,881
{ BURDEN 119 119
TOT 41, MATERIAL + 8,349 9, 200
TOTAL OTHER 850 850
TOTAL COST
124 11,026 850 12,000




MLLV

PART L
DYNAMIC TEST - E/M

ASSEMBLY OR SYSTEM
TABLE 4-2.2.0_11

Element of Cost Manhours Manhours Dollars
Dipect Labor
Enpineering 70,520
Logislics

Laboratory Technician
Production 119,745
Tooling

Manufacturing Test

Q&RA 29,936 -
Facilities
Manufacturing Technician
Total Direct Labor 220,201
P
-
Program Executive 2,642 31,206
Program Planning & Reporting . 6,606 78,016
Industrial Relations 1,431 13,912
Total Labor - Part I 10,679 123,135
Material
Program Planning & Reporting 132
Industrial Relations 143
Material Subtotal 275
Material & Administrative Burden o4
Total Material - 368
TOTAL COST - PART I 123, 504
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CCNDUCT DYMAMIC TEST - E/M
TABLE 4.2,2.0~-I11

z0s

MLLV PART II COST 3UMMARY s[5 ¢] (IN THOUSANDS)
ENGINEERING PRODUCTI O TOOLING TEST TOTAL
ELEMENT OF COST :

: M/H $ M/B 3 M/H % M/H $ M/H 3
ENGINEERTNG 71 833 7L 333
LAB TECHNECIANS
TOOLING
PRODUCTION 120 1,164 120 1,164
MANUFACTURING TEST
MANUFACTURING FECH.

Q&R A 30 291 30 291
DIRECT DIST 38 372 | 38 372
TRATNING z 17 2 17
TOTAL DIRECT LAEIR 71 833 ] 190 1,84k 261 2,677
MATERTAL x 7,881 "~ 7,881
LAB. TECHNIGIANS '

TOOLING ’

PRODUCTION 340 340
MFG. TECHNICTAKS

G& R A 9 9

SUBTOTAL 7,881 349 8,230
MAT. & ADM. ECRDE 119 ' 119
TOTAL MATERIAL 7, B8 n68 | 8,349
*T- e —_

TOTAL PART II 27327 ] 833 n, 881 2,312 11,026

* SPECIMEN



MLIV
R & D TEST COST
NON-RECURRING

INJECTION STAGE - E/M
CONDUCT DYNAMIC TEST

TABLE 4.2.2.0~IV

Element of Cost Manhours
Engineering 61,352
Retest Allowance 9,168

TOTAL COST 70,520
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(In Thousands)
Dollars
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MLLV
R & D TEST COST
NON-RECURRING

INJECTION STAGE - E/M
CONDUCT DYNAMIC TEST

TABLE 4.2.2,0-V
(IN THOUSANDS)

Element of Cost Manhours Dollars
(1) Manufacturing 100,286 975
(2) Retest Allowance 19,459 189
Subtotal 119,745 1,164
(3) Direct Distributable 38,318 372
Subtotal 158,063 1,536
(&) Training 1,739 17
Subtotal 159,802 1,553
(5) Q&RA 29,936 291
TOTAL LABOR 189,738 1,840
Material
(6) Raw Material & Parts . 340
(7) Q&RA 9
Material Sublotal 349
(8) Material & Adwmin. Burden 119
TOTAL MATERIAL ' 468
TOTAL COST 2,312
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4.2.38 Manufacturing Development Test — Injection Stage — Engine Module

The manufacturing development task is directed toward the develoPIrient and
implementation of fabrication and assembly processes to produce the injection
stage - engine module,

Defined in broad terms, the procedure is as follows:
a, Determine manufacturing development requirements through coordination and
review of engineering drawings and specifications, present methods and

existing manufacturing capabilities.

b. Establish suitable manufacturing methods. Document and coordinate these
methods with applicable organizations.

c. Define equipment requirements, tooling criteria, training requirements, and
establish step-by-step procedures for critical manufaciuring.

d. Coordinate with factory, manufacturing engineering, facilities, training,
etc., to assist them in the implementation and proper application of newly

developed methods.

Tabhle 4. 2. 3, 0-1 displays the cost associated with this function for the injection
stage — engine module vehicle,
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TABRLE 4.2.3.0-T

MLLV COST SUMMARY MANUFACTURING DEVELOPMENT - E/M s c] {IN THOUSANDS)
PROGRAM MGMT. [CONT. END ITEM JFACILITIES LOGISTICS
EERMENT OF COST PART T PART TI PART TTT| PART IV | oo TOTAL
M/H polwe | s Bos 15 s M/H $

PROGRAM EXECUTIVE > 19 2 19
PROGRAM PLAN. & REPT. ‘ 7 17
INDUSTRIAL RELATIONS| 1 9 1 9
ENGINEERTUG
LAB TECHNICIANS ok | 1,005 104 1,015
TOOLING
PRODUGCTION
MANUFACTURING TEST
MANUFACTURTNG TEGH.,
Q& RA 28 271 28 271
FACILITIES
DIRECT DIST 33 325 33 325
TRAINING 2 15 2 1

TOTAL DIRECT LAECR 7 75 147 M@ 174 1,701
MATERTAL '
LOGISTIC HARDWARE
BURDEN

TOTAL MATERIAL

_TOTAL OTHER

TOTAL GOST - 1,626 1,701




MLLV

PART I

MANUFACTURING DEVELOPMENT - E/M

ASSEMELY OR SYSTEM
TARLE 4,2.3.0-I1

Elem of C
Direct Labor
Engineering
Loristics

Laboratory Teéhnician
Production

Tooling
Manufazecturing Test
Q4&RA

Facilities

Manufacturing Technician

Total Direct Labor

Program Executive
Progran Plamming & Reporting .

Industrial Relations

Total Labor -~ Part I

Material
Program Planning & Reporting

Industrial Relations
Material Subtotal
Material & Adminislrative Burden

Total Material

TOTAL COST ~ PART I

Manhours

104,439

27,875

132,314

507

Manhours

1,558

b,017
896

6,501

Dol Llars

18,754

47,41
8,709

7,900

80
90

170
58

228

75,132
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TAELE 4.2.3.0-I1X

MLLV PART IT COST SUMMARY MANURACTURING DEVELOPMENT - B/M s sl o[ (IN THOUSANDS)
ENGI¥EERING PRODUCTTON TOQL NG TEST ToTATL
ELEMENT OF CO3%
. M/H $ M/H $ M/H 3 M/H % M/H $
ENGINEERING
LAE TECHNICILANS 104 1,015 104 1,015
PO0LING
PRODUCTION
MAWDFACTURTHG TEST
MANUFACTURING TECH.
Q&R A 28 271 28 271
DIRECT DIST i3 325 33 325
TRAINING o 1 2 15
TOTAL DIRECT LASOR 167 1,626 167 1,626
MATERIAL
LAB. TECHNICIANS _
TOOLING '
FRODUCTION
MFG. TECHHICIANS
Q& R A
SUBTOTAL
MAT. & ADM, ELRDED
TOTAL MATERILL
—_— ————
TOTAL PART 31T 27%7 1,626 1,626




MLLV
DEVELOPMENTAL COST
NON-RECURRING

MANUFACTURING DEVELOPMENT - E/M
TNJECTION STAGE

TABLE 4.2.3IO-IV

(In Thousands)

Flement of Cost Manhours Dollars
Lab Technician 104,439 - 1,015
Direct Distributable 33,420 325

Subtotal 137,859 1,340
Training 1,516 15
Subtotal 139,375 1,355
Q&RA . 37,875 271
Total Labor 167,250 1,626
Material
Lab. Tech.
Q&RA
Subtotal

Materigl & Admin. Burden

Total Material

TOTAL COST ) : 1,626
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4,2, 4 Systems Test — Injection Stage — Engine Module

Injection stage systems tests are identified as those tests that are required in
addition to the major tesfing (dynamic, static load, flight, etc.) that are displayed
elsewhere in this section. It was not possible to define all of the specific tests that
fall within this category; however, the requirements for this general category
were estimated in terms of overall program costs by applying estimated data to
the overall cost of producing the injection stage -~ engine module flight vehicle.
Historical data relative to research and development testing of components

and sub-systems for other programs, prior to and inclusive of the S~IC program,
were used as a basis for cost estimates for the engine module, Table 4. 2. 4. 0-1

shows the resulting cost estimates for component and sub-system testing of this
module.

Systems test include: (but are not limited to)
a. Onboard test and checkout
b. Qualification testing

¢c. Acoustics testing, ete.
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TABLE 4.2.4.0-1L
MLLV COST SUMMARY SYSTEMS TEST - E/M ' A BE] ¢ (I} THOUSANDS

PROGRAM MGMT. jCONT. END T'TEM FACLLITIES LOGISTICS TOT AR

ELEMENT OF COST PART I PART TI PART IIT | PART IV OTHER

/8 § M/H R /d 5

Z1s

PROGRAM EXECUTIVE

PROGRAM PLAN.& REPT.

INDUSTRIAL RELATTONS

ENGINEERING

LaB TECHENICIAMS

TOOLTHG

PRODUCTION

MANUFACTURING TEST

MANUFACTURING TECH.

Q& RA

FACTLITIES

DIRECT DIST

TRATNING

TOTAL DIRECT LABCR

MATERIAL

LOGISTIC HARDWARE

BURDEN

TOTEL MATERIAL

TOTAL OTHER 20,000 20,000

TOTAL £0ST 20,000 20, 000




MLV
DEVELOPMENTAL TESTING COST
NON-RECURRING

MISCELLANEQUS TESTING - E/M
TABLE 4-2.400—11

Element of Cost

MISCELLANEQUS TESTS INCLUDE:

On Board Test & C/O System Development
Qualification Testing.
Acoustics Testing, Btc.

Engine Module

513

{(In Thousands)
Dollars

$20, 000
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4,2,5 Injection Stage Liquid Engine PFRT and Qualification Testing

This section shows the development costs (including propellant) for the 125, 000
pound thrust high pressure engine,

This engine cost was extracted from Figure 4, 1. 6. 1-1, provided by Prattf and
Whitney, in the same method as used for the main stage engine,
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TABLE 4.2.5-0_1

MLLV COST SUMMARY-IHJECTTICON STAGE ENGINES

A0sEc

(IN THOUSANDS)

ELEMENT OF GOST

PRCOGEAM MGMT.
PIRT T

PART IT

CONT. END ITEM FACILITIES

PART IIT

LOGISTICS
PART IV

u/g &

M/H $

S

$

M/ H

COTHER

TOFAL

M/E

Rl

PROGRAM EXECUEIVE

THDUSTRIAL RELATTONS
EHGINEERING

LAB TECHNICIANS
TOOLING

FRODUCTION
MANUFACTURING TEST
MANUFACTURTNG TECH.
g& RA

| racTLITIES

DIRECT DIST
TRAINING

PROGRAM PLAN, & REFT.

53,400

53,400

4,300

I, 300

63,700

63,700

20,100

20,100

MATERTAL

TOTAL DIRECT LAECE

LOGISTIC HARDWARE
BURDEN

S =

|
|

141{§GD

141,500

TOTAL MATERIAL

TOTAL OTHER

R 17,971

17,971

TOTAL COST

141, 500

17,971

159,471

* PROPELLANT




MB" _COSTS

Engineering
Test
Equipment
Tooling

Fabrication

Subtotal

* 125,000 THRUST

MLLV

ONE MODULE INJECTION STAGE

*ENGINES —

TABLE 4.2.5.0-1IT

Component Engine
$16.4M $25.6M
8.0M 9.3M
1.4 4.
1.4M 2.9M
8.0M 31.6M
$35.2M $73.7M
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PFRT ual.

$5.7M § 5.7M
1.4 1.4M
9.2M 9.2M

$16.3M  $16.3M

Total

$ 53.4u
20.1M
5.7M
I3
58.0M

141 .5



MLLV

PROPELLANT CONSUMPTION
INC. ANCILLARY FLUIDS
OXYGEN/HYDROGEN
MIX RATTO = 6.0

2,000 QUALIFICATION TESTS

ONE MODULE INJECTION STAGE ENGINE PROGRAM

ENGINE

125K THRUST
TABLE 4.2.5.0-III

TOTAL,_CONSUMPTION 370,000,000 1bs.
OXYGEN 317,142,858 1bs.
HYDROGEN 52,857,142 1bs.

COST

[

$ 4,757,143
13,214,286

OXYGEN $.015 X 317,142,858 1bs.

HYDROGEN  $.25 X 52,857,142 1bs.

TOTAL $17,971,429
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4.2, 6 Facility Checkout Module - Injection Stage — Engine Module

The injection stage facility checkout module is defined as the test article that will
be used to check out the following:

A,

b.

C.

d.

€.

£

The manufacturing tools, facilities and equipment,
All R&D test facilities and equipment.

Handling and transportation equi‘pment.

Launch complex facilities and support area.

All GSE (manufacturing facility and launch facility)

All processes and procedures.-

The primary objective of the facility vehicle is to achieve a state of operational
readiness prior to processing of the flight modules, The costs associated with

this facility checkout module are displayed in Table 4.2, 6. 0-1. The facility module
consists of the following:

a.

b.

C.

el

Engine module Structl.n?e.

Systems,

Transportation from the manufacturing plant to the launch site,
Launch cycle cost (based on one year cost to checkqut the facility).

Propellant cost,
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TABLE 4.2.8,0~X
MLLYV COST SUMMARY

FACTLITY VEHICLE - ENGINE MCODULE

sl ]sEc

(IM THOUSAUDS)

ELEMENT OF COST

PROGRAM MGHT.
PART I

CONT. LND ITEM
PART II

FACILITIES LOGISTICS
PART IIL| PART IV

M/H $

M/H 3

5
=

$

]
35 3

TOT AL

OTHER

M/H

&y

PROGRAM EXECUTIVE

PRGGRAM FLAN.& REPT.

INDUSTRIAL RELATIONS

ENGINEERING

L4E TECHNICIANS
TOOLING

PRODUCTION
MANUFACTURING TEST
MANUFACTURING TECH.

W& R4
FACILITIES

DIRECT DIST
TRATNING

TOTAL DIRECT LABOR

MATERIAL
LOGISTIC HARDWARE
BURDEN

TOTAL MATERTAL

TOTHL OTHER

25,212

25,212

TOTAL COST

25,212

25,212




MLLV
NON-RECURRING
R & D COST

FACLLITY VEHICLE - ENGINE MODULE

TABLE 4,2.6.0-1I1
(In Thousands)

Element of Cost Dollars
Structures 7,881
Systems 1,871
Transportation 39
Launch Operations 15,056
Propellant 365

TOTAL COST 25,212
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4,2.7 Manufacturing Mockup Module - Injection Stage - Engine Module

The injection stage - engine module manufacturing mockup will be used extensively

to aid and assist in the development of the production tooling and the manufacturing
techniques. )

This mockup is not a complete vehicle, and is limited fo full size sub-assemblies

and sub-systems. The costs for developing the mockup for the engine module are
reflected in Table 4. 2. 7. 0-L
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TABLE 4.2.7.0-I

MLIV COST SUMMARY - FACILITY MOCK-UP - ENGINE MODULE Aldseldc {IN THOUSAMDS)
PROGRAM MGMT. |CONT. END ITEM FACILITIEY LOGISTICS TOTAL
ELEMENT OF COST PART I PART II PART IIT ) PART IV ! oo
wE | s | wa | s B s 5 s M/H $
PROGRAM EXECUTIVE 1 30 = 1
PROGRAM PLAN. & REPT. 2 19 > 19
INDUSTRIAL RELATIONS 5 3
ENGINEERING
LAE TECHNICIANS
TOCLING
PRODUCTTON ' 42 408 42 408

MANUFACTURING TEST

MANUFACTURING TECH.

Q& Ra 11 | 109 11 109
FACTLITIES
DIRECT DIST 13 | 191 ' 13 191
TRATNING N P _ ] z
TOTAL DIRECT LAEOR| 3 30 67 | 654 70 684
mTERIAL = 81 T 1 )
LOGISTIC HARDWARE
BURDEN 28 28
TOTAL MATERTAL 109 109
TOTAL OTHER
TOTAL GOST

30 763 793




MLLV

PART 1

FACILITY MOCK - UP - E/M
ASSEMELY OR SYSTEM

TABLE 4.207.0_11

Blem of G Manhours Manhours Dollars
Direct Labor

Engineering

Logislics

Laboratory Technician

Production b2, 037
Tooling

Manufacturing Test

Q&RA 11,220
Facilities

Manufacturing Technician

Total Direct Labor 53,257

prm ———i o]
Program Executive ' 639 74 547
Program Planning & Reporting . 1,598 18,872
Industrial Relations . 346 3,363
Total Labor ~ Part T 2,580 - 29,782

Material

Program Planning & Reporting 31
Industrial Relations 35
Material Subtotal 66
Material & Administrative Burden 22
Total Material 88

TOTAL COST - PART I 29,870
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TABLE 4.2.7.0-II1

MLIV PART II £OST IROLRY FACILITY MOCK-UP - E/M s[0 BE) o] (IN THOUSANDS)
ENGINEERTHG PRODUCTION TOOLING TEST TOTAL
ELEMENT OF CO3T
M/H 3 M/H b M/H 3 M/H M/H %
ENGINEERING
LAB TECHNICIANS
TOOLING
PRODUCTION
MAWUFACTURING TEST Lo 408 42 108
MANUFACTURING TECH. |
Q&R A 11 109 11 109
DIRECT DIST 13 191 13 131
TRATINING 1 6 1 &
TOTAL DIRECT LARCR &7 654 &7 654
MATERTAL 28 78
LAB. TECHNICIANS
TOOLING ’
PRODUCTION °
MFG. TECHNICIARZ
D& RA 3 3
SUBTOTAL 81 81
MAT, & ADM, EVRDE! | 25 28
TOTAL MATERTAL 109 109
TOTAL PART IT 2937 63 763




MLLV

NON-RECURRING

FACILITY MOCK-UP - E/M

TABLE 4,2.7.0-IV°

(IN THOUSANDS)

Element of Cost Manhours Dotlary
(1) Fab & Assy 42,037 408
(2) Direct Distributabel 13,452 131

Subtotal (4) 55,489 539
(3) Training 610 6
Subtotal (B) 56,099 545
(4) Q&RA 11,220 109
Total Tooling Labor 67,319 654
Material .
(5) Raw Material 78
(6) Q&R 3
Subtotal (C) 81
(7) Material & Adm. Burden ufé_
Total Material }%
Total Tooling Cost ;g;
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4.2.8 Systems Development Facility (Breadboard) - Injection Stage — Engine Module

The injection stage engine module Systems Development Breadboard Facility will
provide for extensive testing, evaluation, and verification of components, sub-

systems and systems under controlled conditions that approximate those at the
launch site.

Existing facilities at Michoud will be used to house the breadkoard. 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,

The costs agssociated with the SDF for the engine module are displayed in Table
4,2, 8.0-1.
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TABLE 4,2.8.0-I
MLLY COST SUMMARY

SDF - LMGINE MODULE

A0eR el

(I THOUSAIDS)

ELEMENT OF COST

PROGRAM MGMT.
PMRT T

CCHT, END ITEM
PART Il

FACTLITIES
PART IIY

LOGISTICS
PLRT TV

M/H $ M/H

3

o
wu

=

B

M/ H

$

OTHER

LanTals i
ERyN .ﬂf_

-

M/H

€

FROGEAM EXECUTIVE

PROGRAM PLAM.& REPT.

INDUSTRIAL RELATIONS

ENGINEERING

LABR TECHNICIANS

TOOLING
PRODUCTION

MANUFACTURIHG TEST

MANUFACTURING TECH.

Q&RA
FACTLITIES

DIRECT DIST
TRATNIRG

T7ZTAI, DIRECT LABOR

MATERIAL

LCGISTIC HARDWARE
BURLEN

TOTAL MATERIAL

TOTAL OTHER

7,215

7,215 |

TOTAL COST

7,215

75215




MLLV
NON-RECURRING COST
R & D TEST FACILITIES

SYSTEMS DEVELOPMENT FAGILITY - E/M

Element of Cost

Equipment

Operations (1)

Total SDF

TABLE 4.2.8.0-11

{In Thousands)
Dollars

7,000

215

;\Tr
o
[_I
\n

|

(1) Operatiocn Cost is estimated for a Five Year Period.
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4.2, 9 R&D F‘light Modules ~ Injection Stage - Engine Module

The R&D injection stage - engine module flight modules are for the final qualification
testing that must precede the manned flights in order to qualify the system.

The prime objectives of flight tests are:

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

b, Acdquisition of flight data and correlation of these data with the results of
ground fests,

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

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

e. Ground crew training.

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

R&D engine modules are shown in Table 4.2, 9. 0-1, These costs include all of

the costs associated with the engine module hardware, additional R&D instrumentation,
SE &1 and Launch Cycle Costs (the launch costs for each R&D flight are basedon a

nine month cycle). In addition, these costs include all appropriate transportation
cost, facility and equipment maintenance cost,
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TWO R&D FLIGHTS ~ E/M
TABLE 4.2.9.0-1

MLLV COST SUMMARY oal)sel] {I¥ THOUSA.DS)
FRICR-M MIMT. [COMT. END ITEM |FACILITIES LOGISTICS TOT AT

ELFMENT OF COST PLRT I PART 11 PPART IIE | PART TV | oo -
N 3 M/H ¢ g 4 “:*: & M/H 3

PRCGRAM EXECUTIVE

PRCGRAM PLAN.& REPT.

IHDUSTRIAL RELATICH3

ZHGINEERING

LiB  TRCHNICIANS

TICLING .

PRODUCTION

WANUFACTURIBG TEST

MANOFACTURLEG TECE.

D& RA

FACILITIES

DIRECT DIST

TRAINING

TOTAL DIRECT LAECR

MATERIAL

L3ISTIC BARDWARE

EURDEN

TOTAL MATERIAL

TOTAL OTHER 70,505 70,505

T o
TOTAL COST 70,505 50,505




. TABLE 4,2,9.0-II
MLLV

DEVELOPMENTAL COQOSTS
NON-RECURRING

TWO R&D FLIGHTS - ENGINE MODULE
{DOLLARS IN THOUSANDS)

Element of Cost No., 1 No. 2
Stage Hardware (1) $19,444 -$l7,855
-Propellants 365 365
Launch Operations 9,491 9,491
SE&I 972 -72
Instrumentation 5,775 5,775

$36,047 $34,458
TOTAL CQOSTS OF TWO R&D FLIGHTS $70,505

(1) Includes Transportation and Facility and Equipment
Maintenance Costs
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4,3 INJECTION STAGE ~ FUEL MODULE

The summary costs for testing of the injection stage - fuel module are displayed
in Table 4, 3. 0. 0-I. The costs include not only the cost associated with conducting
the tests, but also the cosis of the required test specimens. Specimen costs were
developed from the recurring costs contained in Book C of this volume. Figure

4, 3, 0. 0-1 displays the total costs associated with the injection stage - fuel module
and the appropriate sub-paragraphs where the cost information is Iocated.

537



BES

TABLE 4.3.0.0-I

FUEL MODULE

MLLV COST SUMMARY s (IN THOUSA DS)
PROGRAM MGMT. ;CONT. END ITEM {FACILITIES LOGISTICS TOT AT,
ELEMENT OF GOST PART I PART 11 PART II1 ] PART IV ) ooumg
e s lwr | s 15 s, |5l s 1/H 3
PROGRAM EXECUTIVE 2 2
FRCORAM PLAN.& REPT.| 2 5 2 5
INDUSTRIAL RELATIONS 1 1
ENGINEERING 4 51 4 51
LB TECHNICIANS
TOOLING
PRODUCTION 10 96 10 96
MAHUFACTURING TEST
MEHUFACTURING TECH.
Q& RA 1 5 1 5
FACILITIES 425 425
DIRECT DIST 3 3l 3 31
TRATNING 1 1
TOTAL DIRECT LABTR| 2 B 28 184 425 30 617
MaTERIAT 17 L7
LOGGISTIC HARDWERE 11786 11,876
EURDEN 6 6
TOTAL MATERIAL 11809 11,809
TOTAL OTHER 43589 _ 43,589
TOTAL COST 8 11993 425 43589 56,015




FUEL MODULE
356,015
4,3.0.0

STATIC LOAD
$5, 295

4.3,1.0

COMPONENTS

DTV TEST
$7,131

4.3.2.0

$1

FAC. VEH,

3,113

4.3.3.0

SDF
$2, 288

4.3.4.0

2 R&D FLTS.

$28,188
P

4.3.5.0

<

NOTE: DOUBLE THIS
NUMBER IF CONFIGURATION
TO BE FLIGHT TESTED HAS
TWO FUEL MODULES

FIGURE 4, 3. 0.0-1 MLLV INJECTION STAGE FUEL MODULE COST DEVELOPMENT

NOTES:

TEST, "B" COST

539

$442
4,3.1.1

TANK ASSY,
$2, 478
4,3.1.2

STAGE ASSY,
$2, 355
4.3.1.3

DOLLARS ARE IN THOUSANDS,
NUMBERS IN LOWER RIGHT CORNER
DESIGNATE APPLICABLE SECTION
NUMBER FOR COST DETAILS,
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4.3.1 Static Load Test - Injection Stage - Fuel Module
The total cost of conducting all of the static load test for the injectic‘m stage fuel
module is displayed in Table 4, 3.1. 0-1. In addition, Figure 4,3,1.0-1 displays
the cost and sub-paragraph number of the various components that require sfatic
testing, Sections 4.3, 1.1 through 4,3.1.3 reflects the cost for the tank assembly,
stage assembly and other components, which include the necessary material and
labor to accomplish the following functions:
a. Engineering

1. Mechanical and electrical design

2. Drafting and support

3. Liaison

4, Conduct the test

5, Test reports
b. Manufacturing

1. Facility checkout and preparation

2, Specimen installation

3. Load fixture fabrication

4, Load fixture installation

5. Plumbing installation

6. Instrumentation installation

7. Mechanical checkout

8. Electrical checkout

9. Conduct the fest

10. Teardown cffort
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4. 3.1 (Continued)
¢, Material and Parts

1. Raw mafterial

2. Mechanical components
3. Electrical transducers
4, Electrical components and eguipment

5. Test specimen (from ""C" cost)
d. Retest Costs
Parts, materials and labor costs
The test facilities that are to be utilized for the single stage vehicle are considered

adequate to accommodate the fuel module; therefore, no additional facility or equipment
costs were added for static testing of the fuel module.
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TARLE 4.3.1.0-X

STATIC LOAD TEST -~ FUEL MODULE

MLLY COST SUMMARY Al s cl] (IN THOUSAD3)
FROGRAM MGMT. [CONT. END ITEM |FACILITIES LOGISTICS TOT AT
ELEMENT OF COST PART I PART 11 TART LI1 | PART IV | orm ~
N E 5 M/H SIS M/H E
PROGRAM EXECUTIVE 2 5
PROGRAM PLAN.& REPT. o 5 > -
INDUSTRIAL RELATIONS o1 1
ENGINEERING 4 51 4 51
LAB TECHNICIANS
TOOLING
PRODUCTION 10 96 10 96
MANUFACTURING TEST
MANUFACTURING TECH.
2&RA 1 5 1 5
FACILITIES
DIRECT DIST 3 31 3 31
TRAINING 1 1
TOTAL DIRECT LABOR 2 8 18 184 20 192
MATERIAL 17 17
L7GISTIC HARDWARE %5080 5,080
ZURDEN 6 6
TOTAL MATERI AL 5103 5,103
TOTAL OTHER
TOTAL GOST . 8 5287 5,295

* SPECIMEN




STATIC LOAD COMPONENTS
$5, 295 $462

£.3.1,0 4.3.1.1
T TANK ASSY.
$2, 478
4,3.1.2
STAGE ASSY.
$2, 355
4.3.1.3

NOTES:
DOLLARS ARE N THOUSANDS,
NUMEBERS IN LOWER RIGHT CORNER
DESIGNATE APPLICABLE SECTION
NUMBER FOR COST DETAILS.

FIGURE 4.3.1.0-1 MLLV INJECTION STAGE FUEL MODULE STATIC LOAD COST
DEVELOPMENT TEST, "B' COSTS
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4,3,1,1 Component Testing - Static Load Test
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TABLE 4.3.1.1-1

STATIC LOAD TEST - COMPONENTS - FUEL MODULE

MELV COST SUMMARY s sE ¢ {IN THOUSATDS)
PROGRAM MGMT. |CONT. END 1TEM [FACTTITIES LOGESTICE oot
ELEMENT OF COST GEEY PART I1 | PART 111 ) PART IV } ovump
¥H $ M/H R S g $ M/ 5

PRAGRAM EXECUTIVE
PROGRAM PLAN.& REPT.
INDUSTRIAL RELATIONS
ENGINEERING

LAR TECHNICIANS

T TOOLTING

PRCDUCTION
MANUFACTURING TEST
MANUFACTURING TECH.

Q& RA
FACILITIES

DIRECT DIST
TRATNING

TOTAL DIRECT LAEGCR

MATERIAL

LOGISTIC HARDWARE
pUHDEN

*¥462 462

TOTAL MATERIAL

462 462

TOTAL OTHER

| e

TOTAL CO3T

462 462

* SPECIMEN



4.3.1.2 Tank Assembly - Static Load Test
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TABLE 4.3.1,2-1

MLLY COST SUMMARY-Static Load Test.- Tank Assembly - Fuel Module g D B@ cD (IN THOUSANDS)
PROGRAM MGMT, |CONT. ZND ITEM [FACILITIES LOGISTICS TOTAL
ELEMENT OF COST PART I PART 11 FART ITT} PART IV 1 ooumm
LR AN e /A 3
PROGRAM EXECUTIVE '
PROGRAM PLAN. & REPT. 1 Z 1 2
INDUSTRIAL RELATIONS
ENGIWEERING _ 1 14 1 14
LAR TECHNICIAWS '
TOOLING
PRODUCTIGH , Z 22 ' 2 22

MANUFACTURING TEST

MANUFACTURING TECH.

Q& RA 1 1
| FacTLITIES
DIRECT DIST | 7 1 7
TRAINING
TOTAL DIRECT LABOR 1 2 4 44 5 46
MATERIAL ) 2
LOGISTIC HARDWARE | %2429 2,429
BURDEN 1 1
TOTAL MATERTAL 2,432 - 2,132
TOTAL OTHER
TOTAT, COST - 2,476 2,178

* SPECIMEN



MLLV

PART T

Static Load - Tank Assembly - Fuel Module
ASSEMBLY OR SYSTEM

TABLE 4. 3.1:2"]:1

Element of Cost Manthours Manhours Dol lars
Direct Labor ‘
Enrrineering 1,192

Logislics

Laboratory Technician

Production 2,242
Tooling

Mapnufacluring Tesl

Q&RA . 113
Facilities

Manufacturing Technician

Total Direct Labor 3, 647
. e
Program Executive 43 $508
Program Planning & Reporting . 106 1,252
Industrial Relations ‘ . 23 224
Total Labor -~ Part T 172 1,984
Material
Program Planning & Reporting 1
Industrial Relations 2
Material Subtotal 3
Material & Administrative Burden 1
Total Material 4
TOTAL COST - PART I $1,988
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TABLE 4.3}1. 2—III'

MLLV PART II COST 2UVMARY-Static Lioad Test - Tank Assembly

Fuel Module

s B[x ¢[]

(IN THOUSANDS)

ENGINEERINC PRODUCTION TOCLING TEST TOTAL
ELEMENT OF COST
M/H $ M/H 3 M/H $ M/H 3 M/H $

ENGINEERTNG 1 14 1 14
LAB TECHNICIANS

TOOLING

PRODUCTION 4 22 2 22
MANUFACTURING TEST

MANUFACTURING TECH.

Q&R A 1
DIRECT DIST . 7 . 5
TRATNING
__'].:'OTAL DIRECTE LAZCR 1 14 3 30 A 44
MATERIAL *2429 5 ] 2,431»»'
LAB, TECHNICIANS

TOOLING |

PRODUCTION

MFG. TECHNICTANS

Q& R A

SURTOTAL 2,429 2 2,431

MAT, & ADM, EURDE 1 1

TOTAL MATERIAT 2,429 3 2,432
TOTAL PART I3 77037 14 2,429 33 2,476

* Specimen




MLLV
R & D TEST COST
NON-RECURRING

Static Load - Tank Assembly - Fuel Module
CONDUCT STATIC LOAD TEST

TA-BI.IE 4. 3.102—IV

Element of Cost Manhours
Engineering 1,047
Retest Allowance 145

TOTAL COST 1,192

551

(In Thousands)
Dollars

$12

$14



R & D TEST COST
NON-RECURRING

Static Load - Tank Assembly - Fuel Module

MLLV

CONDUCT STATIC LOAD TEST

TABLE 4.3.1. 2—V

Elemant of Cost

(1) Manufacturing

(2) Retest Allowance
Sublotal

(3) Direct Distributable
Subéotal

(4) Training
Subtqtél

(5) Q&RA

TOTAL LABOR

Material

{(6) Raw Material & Parts

(7) Q&RA
Material Sublotal

(8) Material & Admin. Burdén

TOTAL MATIHRIAL

TOTAL COST

"552°

Manhours

i, 820
422

2,242

717

2,959
33

2,992

113

3,105

(IN THOUSANDS)
Dollars

$18
4

22
7
29
0
29

1

$30

$33



4,3,1.3 Stage Assembly - Static Load Test
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TABLE 4.3.1.3-1

MLLV COST SUMMARY Static Looad Test - Stage Assembly AR ¢ {IN THOUSANDS)
PROGRAM MOMT. |CONT. BND 1TEM [FAGLLITIRG LOGISTICS
ELEMENT OF COST PART I PART IT PART ITI | PART IV | ..o
H/H wE L8 i s 8% H/H ;
PROGRAM EXECUTIVE 5
PROGRAM PLAN. & REPT. 1 1 3
INDUSTRTAL RELATTONS
ENGINEERING 3 37 3 37
LAE TECHNICIANS
POOLING o 74 o A
PRODUCFION
MAWNUFPACTURING TEST
MANUFACTURING TEGH.
Q& RA 1 4 1 4.
FACILITIES '
DIRECT DIST 2 24 2 24
TRAINING ) 1
TOTAL DIRECT LABOR] 1 6 14 | wofl | 15 146
MATERIAL - Toas| | 15.
LOGISTIC HARDWARE %2189 ~2,189
BURDEN 5 5
TOTAL MATERT AL 2209 2206
TOTAL OTHER _ ~ |
TOTAL COST 2. 349 2, 355

* SPECIMEN




MLLY

PART I

Static Lioad Test - Stage Assembly -Fuel Module
ASSEMBLY OR SYSTEM

TABLE 4.3.1.3-1I1
/

Elemgnt of Cgst ' Manhours Manhours Dollars
Direct Labor
Engineering 3,139
Loristics

Laboratory Techniecian

Production 7,657
Tooling

Manufacturing Test

Q&RA 383
Facilities )

Manufacturing Technician

Total Direct Labor 11,179

]
Program Executive 134 $1, 583
Program Planning & Reporting 335 3, 956
Industrial Relations . ) 73 710
Total Labor - Part I 542 ' $6,249

Material

Program Planning & Reportiné 6
Industrial Relations 7
Material Subtotal 13
Matertal & Adminisbtrative Burden 4
Total Material 17
TOTAL COST - PART 1 $6,266
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TARLE 4.3.1.3-11IT

Fuel Module

NLLV PART IT COST SUYMRY geatic Ioad Test - Stage Assembly 10 K] <[] (IN THOUSANDS)
ENGINEERING PRODUCTI O TOOLING TEST TOTAL
ELEMENT OF COST
M/H $ M/H $ M/H $ M/H $ M/H $

ENGINEERING 3 37 3 37
LAB TECHNICIANS

TOOLING

PRODUCTION 8 74 8 74
MANUFACTURING TEST

MANUFACTURING TECH.

Q&R A 1 4 1 4
DIRECT DIST 2 24 2 24
TRAINING 1 1
TOTAL DIRECT LAZC 3 37 11 103 14 140
MATERTAL 2,189 15 2,204
LAB. TECHNICIANS

ToOLING ° SR

PRODUCTION

MFG. TECHNICIAKS

Q& R A

" SUBTOTAL 2,189 15 2,204
MAT, & ADM. EURDZ 5 5
| TOTAL MATERTAL 2,189 20 2,209
TOTAL PART IZ 2737 37 2.189 123 2, 349

* Specimen - See "C" Cost



MLLV -
R & D TEST COST
NON-RECURRING

Stage Assembly - Fuel Module
CONDUCT STATIC LOAD TEST

TABLE 4.3.1.3-IV

Element of Cost

Manhours
Engineering 2,760
Retest Aliowance 379

TOTAL COST 3,139

557

(In Thousands)
Dollars

$33

R 25
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MLLY
R & D TEST COST
NON-RECURRING

Stage Assembly - Fuel Module
CONDUGT STATIC LOAD TEST

TABLE 4,3.1.3-V

r

(IN THOUSANDS)

Element. of Cost Manhours Dollars
(1) Manufacturing 6,280 $61
(2) Retest Allowance 1,377 13
Sublotal 7 657 74
(3) Direct Distributable 2,451 ) 24
Subtotal
ubtota 10,108 98
(&) Training 111 1
Subtgt.al 10,219 99
(5) Q&RA 383 4
TOTAL LABOR 10, 602 $103
Material
(6) Raw Material & Parts $
(7) Q&RA ' 15
Material Sublotal 15
(8) Malerial & Admin. Burdon 5
TOTAL MATERIAL $20
TUTAL CUST $123
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4,3.2 Dynamic Testing - Injection Stage -~ Fuel Module
The fotal cost for performing the dynamic tests on the injection stage fuel module
are displayed in Table 4, 3, 2. 0-I. These costs include the labor and material to
accomplish the following functions:
a, Engineering

1. Mechanical and electrical design

2, Drafting and support

3. Liaison

4, Conduct the test

5. Test reports
b. Manufacturing

1. Facility checkout and preparation

2, Specimen installation

3. Load fixture - fabrication and installation

4, Plumbing installation

5, Instrumentation installation

6. Mechanical checkout

7. Electrical checkout

8. Conduct the test

9. Teardown effort
¢, Material and Parts

1. Raw materials

2, Mechanical components

3. Electrical transducers
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4.3.2 (Continued)
4, Electrical components and equipment
B. Test specimen (from "C!" costs)
d. Retest
Parts, materials and labor costs
The test facilities and necessary equipment to conduct dynamic testing of the injection
stage - fuel module are displayed in Table 4, 3. 2, 0-1. These costs are additive to
the dynamic test facility cost of the single stage vehicle, and injection stage -~ engine

module, as that vehicle combination carries the majority of the costs associated
with dynamic testing.
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TABLE 4.3.2.0-I
MLLV COST SUMMARY

Dynamic Test - Fuel Module

A0sEdc

(IN THOUSANDS)

ELEMENT OF COST

PROGRAM MGMT.

-PART T

CONT.

END TITEM

PART TI

FACILITIES
PART IIT

LOGISTICS
PART IV

M/H

$

M/H

$

=]
= 3

fn ]
S $

OTHER

TOTAL

M/H

PROGRAM EXECUTIVE

PROGRAM PLAN. & REPT.
INDUSTRIAL RELATTONS
ENGINEERING

LAB TECHNICIANS
TOOLING

PRODUCTION
MANUFACTURING TEST

MANUFACTURING TECH.

Q& RA
FACILITIES

DIRECT DIST
TRATNING

425"

425

TOTAL DIRECT LABOR

425

~425

MATERTAL
LOGISTIC HARDWARE

lBURDEN

6706

6,766 -

TOTAL MATERIAL

6706

6,706

TOTAL OTHER

TOTAL COST

6,706

h25

7,131

* Specimen




MLLV
DYNAMIC TEST - FUEL MODULE

TABLE 4|3.200—II

Manhours for conducting Dynamic Test on Fuel Module are insignifi-
cant. Therefore the only costs involved for testing fuel module are:

Specimen Cost $6, 706
Additional Facility Cost 425
Total Cost Fuel Module $7,131
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4,3.3 Facility Checkout Module - Injection Stage - Fuel Module

The facility checkout injection - fuel module is defined as the test article that will
> be used to checkout the following:

a, The manufacturing fools, facilities and equipment

b, All R&D test facilities and equipment

c. Handling and transportation equipment

d. Launch complex facilities, and support area

e, All GSE (manufacturing facility and launch facility)

f. All processes and procedures

The primary objective of the facility vehicle is fo achieve a state of operational
readiness prior to processing of the flight modules. The costs associated with
this facility vehicle are displayed in Table 4, 3. 3. 0-I. The facility module consists
of the following:

a. Tuel module structure

b. Systems

c. Transportation from the manufacturing plant to the launch site.

d. Launch cycle cost (based on one-year cost to checkout the facility)

e. Propellant cost
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TABLE 4.3.3.0-T
"MLLV .COST SUMMARY

Facility Vehicle - Fuel Module

A0 K e

(IN THOUSANDS)

ELEMENT OF COST

PROGRAM EXECUTIVE

PROGRAM MGMT.

PART I

PART II

CONT. END ITEM

PART IV

FACILITIES LOGISTICS
PART I1I

M/H

$

M/H

b

=

=

$

=

P

$

QTHER

TOTAL

M/H

PROGRAM PLAN. & REPT.
INDUSTRTAL RELATIONS
ENGINEERING

LAB TECHNICIANS

TOOLING

PRODUCTION

MANUFAGTURING TEST

MANUFACTURING TECH.

Q& RA

FACILITIES

DIRECT DIST

TRAINING

TOTAL DIRECT LABOCR

MATERTAL

LOGISTIC HARDWARE

BURDEN

TOTAL MATERIAL

TOTAL OTHER

13,113

13,113

TOTAL COST

13,113

$13,113




MLLYV
NON-RECURRING
R&D COST

Facility Vehicle - Fuel Module

TABLE 4.3.3.0-II

Element of Cost

Structures
Systems

Launch Operations
Propellant

TOTAL COST

565

(In Thousands)
Dollars

$4,618
603
7,527

365

$13,113
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4.3.4 Systems Development Facility (Breadboard) - Injection Stage - Fuel Module
The system development breadboard facility for the fuel module will provide

for extensive testing, evaluation and verification of components, sub-systems and
systems under controlled conditions that approximate those at the launch site.
Existing facilities at Michoud will be used to house the breadboard. 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.

The costs associated with the SDF for the fuel module are displayed in Table 4. 3. 4, 0-1
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TABLE 4.3.4.0-I

MLLV COST SUMMARY " SDF - Fuel Module Aldsgcd (IN THOUSANDS)
PROGRAM MGMI. |CONT. END ITEM JFACILITIES LOGLSTIGS TOTAL
ELEMENT OF COST PART 1 PART IT PART ITI| PART IV OTHER
Wi | s [ wE | s 3 0s B¢ M/H 3
PROGRAM EXECUTIVE

PROGRAM PLAN. & REPT,

INDUSTRIAL RELATIONS

ENGINEERING

LAB TECHNICIANS

TOOLING

PRODUCTION

MANUFACTURING TEST

MANUFACTURING TECH.
Q& RA

FACILITIES

DIRECT DIST
TRATNING

TOTAL DIRECT LABCR

MATERIAL

LOGISTIC HARDWARE
BURDEN

TOTAL MATERIAL
TOTAL OTHER

2,288 2,288

TOTAL COST

2,288 $2,288




MLLV
NON-RECURRING COST
R&D TEST FACILITIES

Systems Development Facility - Fuel Module

TABLE 4.3.4.0-1IT

{(In Thousands)
Element of Cost Dollars
Equipment $1, 750
Operation (1) 538
TOTAL SDF $2,288

(1) operation cost is estimated for a five year period
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4,3.5 R&D Flight Modules - Injection Stage - Fuel Module

The two R&D injection stage fuel modules are required for the final gualification
testing that must precede the manned flights in order to qualify the system:

The prime objectives of flight tests are:

a.

b.

€.

Evaluation of hardware characteristics and operational procedures which
cannot be adequately evaluated by ground testing,

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

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

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

Ground crew training.

Individual modules (specimens) costs were obtained from the "C" category of
estimates, with allowances for the additional R&D instrumentation,

The costs for the two R&D fuel modules are shown in Table 4. 3, 5. 0-1. These costs
include all of the cost associated with the fuel module hardware, additional R&D
instrumentation, SE&I and launch cycle costs (the launch costs for each R&D flight
are based on a nine month cycle), in addition, these costs include all appropriate
transportation cost, facility and equipment maintenance costs.
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TABLE 4.3.5.0-I
MLLV COST SUMMARY

TWO R&D FLIGHTS -~ FUEL MODULE

s8I c

(IN THOUSANDS)

ELEMENT OF COST

PROGRLM MGMT.

PART T

CONT. END ITEM
PART IT

ACILITIES
PART ITT

LOGISTICS
PART IV

N/H $

M/H $

[
= ¥

==

= 8

OTHER

TOTAL

M/H

PROGRAM EXECUTIVE

PROGRAM PLAN.& REPT.

INDUSTRIAL RELATIONS
ENGINEERING

LAB TECENICTANS
TO0LING

PRODUCTION |
MANUFACTURING TEST
MANUFACTURING TECH,
Q& RA

FACILITIES

DIRECT DIST
TRAINING

TOTAL DIRECT LABCR

MATERIAL

LOGISTIC HARDWARE
EURDEN

TOTAL MATERIAL

TOTAL OTHER

28188

28,188

TOTAL COST

28188

28,188




TABLE 4.3.5.0-II
MLLV

DEVELOPMENTAL COSTS

TWO R&D FLIGHTS - FUEL MODULE
{DOLLARS IN THOUSANDS)

Element of Cost No. 1 No. 2
Stage Hardware (1) $ 9,596 $ 8,732
Propellants 365 365
Launch Operations 4,565 4,565

$14,526 $13,662
TOTAL COSTS OF TWO Re&D FLIGHTS $28,188

(1) Includes Transportaﬁion and Facility and Equipment
Maintenance Costs
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4.4 SOLID ROCKET MOTOR STAGE TESTING

The summary costs for testing the Solid Rocket Motor Stages are displayed in

Table 4. 4. 0. 0-1. These costs include not only the cost associated with conducting
the test but all the costs of the test specimens as well. Specimen costs were deve-
loped from the recurring costs contained in Book C of this volume., Figure 4.4.0.0-1
displays the total cost of the Solid Rocket Motor Stage Testing by type of test, and

the appropriate sub-paragraph where the cost information is located.
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TABLE 4.4,.0.0~I

MLLV COST SUMMARY SRM STAGE a8 e (I¥ THOUSANDS)
PROGRAM MGMT. |CONT. END I7EM [FACILITIES LOGISTICS TOTAL
ELEMENT OF GOST PART I PART II PART IIT| PART IV | oo
M/H $ M/H $ E $ g $ ' M/H $
PROGRAM EXECUTIVE 36 419 . 36 419
PROGRAM PLAN.& REPTY 88 | 1,027 88 1,027
INDUSTRIAL RELATIONS 17 178 17 178
ENGINEERING 672 |- 7,928, 672 7,928
LAB TECHNICIANS 6 55 6 55
TOOLING
PRODUCTION 78 755 78 755
MANUFACTURING TEST 96l 9,360] - Q64 9,360
MANUFACTURING TECH.
Q& RA 156 | 1,526 156 1,526
FACILITIES
DIRECT DIST 26 259 26 259 -
TRAINING 2 1.0 : 2 10
| TOTAL DIRECT LABOR{ m1 | 1,624 {1,904 | 19,893 2,045 | 21,517
MATERTAL 3,617 3,617
LOGISTIC HARDWARE 94,986 94,986
BURDEN 164 164
TOTAL MATERTAL 98,767 98,767 |
TOTAL OTHER C1i,337] | 12,750 231,401 255,488
TOTAL COST .
1,624 129,997 12,750 231,401 375,772




SRM STAGE
§4376,712

4.4.0.0

STATIC LOAD

$4, 849 ALT. FWD. SKT,

$3, 950

4.4.1,0 4.4.1.1

DTV COMPONENTS
$890

18,5
318, 508 7 4.4.1.2

4,4.2/0
MFG. DEV.
$118

4.4,3,0

PFRT
$117,116

MOTOR
$69, 321

4.4.4.0 4,441

$14, 758
219 *
$30,21 . 4.4.4.2

4.4.5.0 STRUCTURE
$33, 037

FAC, VEH. PTHER PROGRAT

SpF
$4,575

4.4.4.3

4.4.8.0

2 R&D FLTS,
$198, 207

4.4.7.0

$400

WIND TUNNEL

NOTES:

4.4.8.0 DOLLARS ARE IN THOUSANDS,

STRUCTURAL
$3,789

4.4.9.

NUMBERS IN LOWER RIGHT CORNER
DESIGNATE APPLICABLE SECTION

NUMBER FOR COST DETAILS.
0

FIGURE 4. 4, 0, 0-1 MLLV SOLID MOTOR STA

GE COST DEVELOFPMENT
TEST "B" COSTS
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4,4,1 Static Load Test - SRM Stage

Total cost of conducting all of the static load tests for the SRM stage vehicle are
shown in Table 4, 4,1.0-I. In addition, Figure 4, 4, 1. 0-I displays the costs and
sub-paragraph number of the various components that require static testing.

Paragraph 4.4.1.1 and paragraph 4. 4. 1. 2 reflect the costs for the alternate
forward skirt and other components, which include the labor, material and

tooling to accomplish the following:

a. Engineering
1. Mechanical and electrical design
2. Drafting and support
3. Liaison
4, Conduct {he test
o, Test reports
b. Manufacturing
1. Facility checkout and preparation
2. Specimen installation
3. Load fixfure fabrication
4, Load fixture installation
5. Plumbing installation
6. Instrumentation installation
7. Mechanical-checkout
8. Electrical checkout
9, Conduct the test

10, Teardown effort
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4.4.1 (Continued)
c. Material and Parts
1. ~ Raw ,material
2, Mechanical components
3. Electrical transducers
4, Electrical compon;ents and equipment
5. Test specimen (from "C'" costs)
d. Retest Aliowance
Parts, materials and labor
The test facilities and equipmeht that are required to produce the SRM stage

and those required to static load test the single stage vehicle will be utilized
to static load test the SRM stage components,
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TABLE 4-4.1-0-1

I8s

MLLV COST SUMMARY STATIC LOAD TEST (DELTA) - SRM 20 eE] ] (I8 THOUSANDS)
PROGRAM MGMT. |CONT. END ITEM {FACILITIES LOGISTICS TOT AL
" ELEMENT OF COST PART I PART I1 PART III{ PART IV OTHER B
wr |5 L owE | s S s 5| 8 | M/ $
PROGRAM EXECUTIVE 1 10 1 10
PROGRAM PLAN.& REPT. o >8 2 o8
INDUSTRIAL RELATIONS 4 4
ENGINEERING . 26 300 26 300
LAaB TECHNICIANS
TOOLING
PRODUCTION b7 L52 47 452

MANUFACTURING TEST

MANUFACTURING TECH.

Q& RA 2 22 _ 2 22
FACILITIES '
DIRECT DIST 14 14k 14 144
TRAINING ‘ 1 6 1 6
TOTAL DIRECT LABOR| 4 42 90 925 ol 967

[ #aTERTAL 248 248
LOGISTIC HARDWARE 3540°° . 3540.
BURDEN 85 85
TOTAL MATERTAL 333 : 333
TOTAL OTHER T

TOTAL COST

42 b, 798 L, 840




STATIC LOAD ALT. FWD. SKT.
$4, 840

$3, 950

4.4.1,0 4.4.1.1
COMPONENTS
$890

4.4,1,2

NOTES:
DOLLARS ARE IN THOUSANDS,
NUMBERS IN LOWER RIGHT CORNER
DESIGNATE APPLICABLE SECTION
NUMBER FOR COST DETAILS,

FIGURE 4.4,1,0-1 MLLV SOLID MOTOR STAGES STATIC LOAD COST
) DEVELOPMENT TEST, "E' COST
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4.4.1.1 Alternate Forward Skirt (Heavy Weight Forward Skirt) - Static
Load Test
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TABLE 4;40101_1

MLLV COST SUMMARY STAPIC LOAD TEST (DELTA) FORWARD SKIRT SRM ade@cl] (I THOUSAIDS)
PROGRAM MGMT. [cONT. END ITEM [FACILITIES LOGISTICS TP AL
ELEMENT OF COST FART 1 PART I3 PART ITI } PART IV CTHER .
we ) os Jwe | s 8 B s H/H 3
PRCGRAM EXECUTIVE 1 10 1 10
PROGRAM PLAN.& REPT. 2 26 2 26
INDUSTRIAL RELATTIONS i 4
ENGINEERING ok 279 24 270
LAB TECHNICIANS
POOLING
PRODUCTION s 436 45 436
MANUF4CTURING TEST
MANUFACTURING TECH.
Q& RA 2 2z 2 22
FACILITIES '
DIRECT DIST i4 140 14 700
TRATNING 1 6 1 5
TOTAL DIRECT LABOR| 73 0 86 383 89 923
MATERTAL 57 57
LCGISTIC HARDWARE 2650 2,950
. BURDEN 20 20
TOTAL MATERTAL o o
TOTAL OTHER
.- - I - ]
TOTAL COST 40 3,910 3,950




MLLV

PART I

STATIC LOAD TEST - DELTA ~ FCRWARD SKIRT - SRM
ASSEMBLY OR SYSTEM

TABLE 4.4.1.1"'1:[

Element of Cost Manhouyrs Manhours - Dollars
Dipect, Lab
Engineering 23,616
Logislics

Laboratory Technician

Produclion 44,873
Tooling

Manufacluring Test

Q&RA 25243
Facilities

Manufacturing Technician

Total Direct Labor 70,732
prs— —— 3
Program Executive 849 10,027
Program Planning & Reporting . 2,122 25,061
Induastrial Relations 460 b, 471
Total Labor - Part I 3,431 39,559
Material
Program Planning & Reporting 42
Industrial Relations b6
Muterial Subtotal &8
Materlal & Administrative Burden 30_ -
Total Material 118
TOTAL COST - PART I 39,667
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TABLE 4.4.1.1-IIT
UMMARY STATIC LOAD TEST DELTA ForwARD sKIRT skt [ ] 5[x] ¢[7]

MLLV PART IT CCBY 3

(IN THOUSANDS)

ENGINEERING PRODUGTI ON TOOLING TEST TOTAL
ELEMENT OF CO3T ‘ -
M/H $ M/H $ M/H $ M/H $ M/H $
ENGINEERING 24 279 24 279
LAB TECHNICIANS
TOOLING
PRODUCTION 45 436 L5 436
MANUFACTURING TEST '
MANUFACTURING TECH.
Q&R A 2 22 2 22
DIRECT DIST 14 140 14 140
TRATNING 1 6 1 6
TOTAL, DIRECT L£2CR 24 279 62 604 86 883
MATERIAL *295( - 56 3,006
LAB. TECHNICLANS
TOOLING )
PRODUCTION
MFG. TECHNICIANS
Q& R 2 1 1
SUBTOTAL 2,950 57 3,007
MAT. & ADM. EURDE: 20 20
TOTAL PART IT 7737 279 2,950 681 3,910

* SPECIMEN



MLLV
R & D TEST COST

NON-RECURRING

DELTA COMPONENTS - SEM
CONDUCT STATIC LOAD TEST

TABLE 4.4,1,1-1IV
(In Thousands)

Element of Cost Manhours Dollars
Enginsering 20,760 245
Retest Allowance 2,856 3

TOTAL, COST 23,616 279
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Bloment of Cost Manhours
(1) "Manufaciuring 36,557
{2) Retest Allowance 8,316
Sublotal hh, 873
(3) Direct Distributable 14,360
Subtotal 59,233
() Training 652
Subtotal 59,885
(5) Q&RA 2,243
TOTAL LABOR 62,128
Material
(6) Raw Material & Parts
(7) Q&RA
Malerlal Sublolal

“(8)

MLLV
R & D TEST COST
NON-RECURRING

DELT4A - FORWARD SKIRT - SRM

CONDUCT STATIC LOAD TEST
TABLE 4.4.1,1-V

Material & Admin. Buarden

TOTAL MATHRIAL

TUTAL COST

588

(IN THOUSANDS)
Pollars

355
81

436

140

576

582
22

60l

56

L
20

77

681



4,4,1.2 Component Testing - Static Load Test
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TABLE 4.4.10 2‘_1

MLLV COST SUMMARY STATIC LOAD TEST - (DELTA) - COMPONENTS - SRM s [Jslkic[] (I} THOUSANDS)
PROGRAM MGMT. |CONT. END ITEM |[FACILITIES LOGISTICS TOTAL
ELEMENT OF GOST PART I PART II PART IIT | PART IV | oo
wE | s | wm | s S os [S 8 | u/x $
PROGRAM EXECUTIVE
PROGRAM PLAN.& REPTJ 1 2 1 2
INDUSTRIAL RELATIONS
ENGINEERING 2 21 2 21
LAR TECHNICIANS
TOOLING
PRODUCTION 2 16 2 16
MANUFAGTURING TEST
MANUFACTURING TECH.
Q& RA
FACILITIES
DIRECT DIST 4
TRAINING 1 1
L TOTAL DIRECT LABOR| 1 5 L 42 5 4l
MATERTAL 191 191
LOGISTIC HARDWARE %590 590
BURDEN 65 - 65
TOTAL MATERIAL 256 256
TOTAL OTHER ] -~
TOTAL COST 2 888 890

* SPECIMEN




MLLV

PART T

STATIC LOAD TEST —_PELTA - COMPONENTS - SEM
ASSEMBLY OR SYSTEM

TABLE 4.4.1.2~IT

Blement of Cost Manhours Manhoursg - Doliars
Direct Lab
Engineering 1,748
Logistics

Laboratory Technician

Produclion 1,598
Tooling )

Manufacturing Test

Q&RA 79
Facilities

Manufacturing Technician

Total Direct Labor 3,425
—_— e
Program Executive u1 L8h
Program Planning & Reporting |, - 103 1,216
Industrial Relations 22 214
Total Labor - Part I 166 1,914
Material
Propram Planning & Reporting 2
Industrial Relations 3
Material Subtotal 5
Material & Administrative Burden 1
Total Material 6
TOTAL. COST —~ PART T 1,920
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(A3

SRM
MLLV PART II COST SUMMARY STATIC LOAD TEST - DELTA - COMPONENTS , A

(] s[E] ¢} (IN THOUSANDS)
ENGINEERING PRODUCTION TOCLING TEST TOTAL
ELEMENT OF CO3% .
M/H $ M/H $ M/H $ M/H $ M/H

ENGINEERING 2 21 2 21
LAB TECHNICIANS

TOOLING

PRODUCTION 2 16 2 16
MANUFACTURING TEST '
MANUFACTURING TECH.

Q&R A

DIRECT DIST L I
TRAINING 1 1
TOTAL DIRECT LLZTR | 5 ” 5 o 4 42
MATERIAL *590 191 781 -
LAB. TECHNICIANS

TOOLING ]

PRODUCTION

MFG. TECHNICIANZ

Q& RA

SUBTOTAL 590 191 781

MAT, & ADM., EURDE: 65 65

TOTAL MATERIAL | 590 256 8L6
TOTAL PART II 2237 o1 590 g7 888

* SPECIMEN




MLLY
R & D TEST COST
NON-RECURRING

DELTA COMPONENTS - SEM
CONDUCT STATIC LOAD TEST

TABLE 4.4.1.2-IV

Element of Cost Manhours
Engineering 1,533
Retest Allowance 215

TOTAL COST ~},?48 ]

593

(In Thousands)

Dollars

18

21




MLLY
R & D TEST COST
NON-RECURRING

DELTA - COMPONENTS - SRM
CONDUCT STATIC LOAD TEST

TABLE 4.4.1.2-V
(IN THOUSANDS)

Rlemont of Cost Manhours Dollars
(1) Manufacturing 971 9.
{(2) Retest. Allowance 627 7
Sublotal 1,598 16
(3) Direct Distributable 511 L
Subtotal 2,109 20
(&) Training 23 1
Subtotal 2,132 21
(5} Q&RA 79 0
TOTAL LABOR 2,211 21
Material
(6) Raw Material & Parts 191
(7) Q&RA
Material bSublelad 191
"(8) Malerial & Admin. Burden 65
TOTAL MATERTAL 256
TOT AL COST 277
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4,4.2 Dynamie Testing - SRM Stage
The total cost for performing the simulation of the SRM stages on the dynamic test
on the vehicle are displayed in Table 4. 4, 2. 0-1, which includes the labor and
material to accomplish the following functions:
a. Engineering
1. Mechanical and electrical design
2. Drafting and support
3. Lizison
4, Conduct the test
5% Test reports
b. Manufactﬁring
1. Facility checkout and preparation
2. Specimen installation
3. Load fixture - fabrication and jnstallation
4, Plumbing installation
5. Instrumentation installation
6. Mechanical checkout
7. Electrical checkout
8. Conduct the tesl
9. Teardvown effort
¢c. Material and Parts
1. Raw materials
2. Mechanical components

3. Electrical transducers
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4,4.2 (Continued)
4. Electrical components and equipment
5. Test specimen (from "C'' costs)
d. Retest Allowance
Parts, Materials and labor costs
‘Also additional costs for the dynamic test facilities and the capital equipment
required for simulation of the SRM effects on the main stage dynamic test

are included. The maintenance costs of the test facility are not increased
from the single stage dynamic testing costs,
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TABLE 4.4.2.0-1

LGS

MLLV COST SUMMARY  DYNAMIC TEST (DELTA) - SRM A0sEc (TN THOUSANDS)
PROGRAM MGMT. JCONT. END ITEM [FACILITIES LOGISTICS POTAL
ELEMENT OF COST PART I PART IT PART IIT | PART IV |  core .
H/H s | we | s (F s 15 ¢ M/R :
PROGRAM EXECUTIVE 1 8 1 8
PROGRAM PLAN.& REPT.) 2 20 ~ 2 20
INDUSTRIAL RELATIONS 3 -3
ENGINEERING . 18 211 18 211
LAE TECHNICIANS
TOOLING
PRODUCTION 31 303 31 303
MANUFACTURING TEST
MANUFACTURING TECH.
Q& RA 6 61 : ' 6 61
FACILITIES .
DIRECT DIST 10 97 10 97
TRAINING 1 b .1 )
TOTAL DIRECT LABOR| 3 31 66 676 69 707
MATERIAL . e |21 T 219
LOGISTIC HARDWARE 4757 4,757
BURDEN 75 75
TOTAL MATERIAL 5,051 5,051
TOTAL OTHER 12,750 12,750
TOTAL COST 31 5,727 12,750 18,508




MLLY
NON-RECURRING
PART I

DYNAMIC TEST - (DELTA) - SRM
ASSEMBLY OR SYSTEM

TABLE 4.4.2,0-I1

Element, of Cost Manphours Manhours Dollars

Direet Labor

Engineering 17,900
Logistics

Laboratory Technician

Production 31,163
Tooling -
Manufacturing Test

Q&RA 6,232
Facilities

Manufacturing Technician

Total Direct Labor 55,295
Program Executive ‘ 661 7,842
Program Planning & Reporting 1,659 19, 593
Industrial Relations ~ 359 3,489
Total Labor - Part T 2,682 30,913
Material
Program Planning & Reporting 33
Industrial Relations 36
Material Subtotal 69
Material & Adwministrdtive Burden 23
Total Material 92
TOTAL COST - PART X 31,005
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TABLE 4.4.2.0-I11

MLIV PART II COST SUMMARY DYNAMIC TEST - (DELTA) - SRM NR: c[] (IN THOUSANDS)
ENGINEERING PRODUCTILON TOOLING TEST TOTAL
ELEMENT OF COST
M/H $ M/H $ M/H : M/H $ M/E $
ENGINEERT NG 18 211 ' 18 211
LAB TECHNICIANS ' -
TOOLIRG
PRODUCTT QN 31 303 31 303
MANUFACTURING TEST
MANUFACTURING TECH.
Q&R A & 61 & 61,
DIRECT DIST 10 97 10 g7
TRATINENG 1 L i i
TOTAL DIRECT Li=TR | 18 511 ' 4B 465 66 676
MATERTAL : Ly . 217 4,974
LAB. TECHNICIANS , : _
TQOLING )
PRODUCTION
MFG. TECHNICIALS
Q& R A z 2
SUBTOTAL by, 757 219 4,976
MAT. & ADM. BUPDED 75 e
TOTAL MATERLAL _ 4,757 20l 500 |
TOTAL PART TI 7757 211 4,757 759 5,927

* SPECIMEN




MLLV _
R & D TEST COST
NON-RECURRING

CONDUCT DYNAMIC  TEST (DELTA) - SRM

TABLE 4'4.2oO_Iv

(In Thousands)

Element of Cost Manhours
Engineering 16,110
Retest Allowance 1,790

TOTAL COLT . 17.900

6C0

Dollars

190

21

211



MLLV
R & D TEST COST
NON-RECURRING

CONDUCT DYNAMIC  TEST -(DELTA) - SRM

TABLE 4.4-2.0_V

Eloment of Cost

(1)
(2)

Manufacturing

Retest Allowance
Subtotal

Direct Distributable
Subtotal

Training
Subtota’l

Q&RA

TOTAL LABCR

Material

(6) Raw Material & Parts

(7)

(8)

QERA
Material Sublotal

Material & Admin. Burden

TOTAL MATERIAL

TOTAL COST

601

Manhours

27, 42l
3,739
31,163

9,972

L1,135
452

b1, 587
6,232

h7,819

(IN THOUSANDS)
Dollars

267
36

303

97
400

Loy
61

465

217

219

75

294
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4, 4,3 Manufacturing Development Test - SRM Stage

The manufacturing development task for the SRM stage is directed toward the
development and implementation of fabrication and assembly processes.

Defined in broad terms, the procedure is as follows:

o

Determine manufacturing development requirements through coordination
and review of engineering drawings and specifications, present methods and
existing manufacturing capahilities.

Establish suitable manufacturing methods, Document and coordinate these
methods with applicable organizations.

Define equipment requirements, tooling criteria, training requirements,
and establish step-by-step procedures for critical manufacturing,

Coordinate with Factory, Manufacturing Engineering, Facilities Training,
etc., to assist them in the implementation and proper application of newly
developed metheds.

Table 4. 4. 3. 0-I displays the cost associated with this function for the SRM stage
vehicle.
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709

TABLE 4,4.3.0~I

MLLV COST SUMMARY MANUFACTURING DEVELOPMENT SRM STRUCTURE A B|§§(3[] (Il THOUSANDS)
PROGRAM MCMT. {CONT., END ITEM FACILITIES LOGISTICS TOTAL
FLEMENT OF COST PART T PART II PART 11T | PART IV | oo -
M/H MECEEE R /8 :
PROGRAM EXECUTIVE 1 10 1 10
PROGRAM PLAN.& REPT. 3 3
INDUSTRIAL RELATIONS
ENGINEERING
LAE TECHNICTIANS 6 55 6 55
TOOLING
PRODUCTION

MANUFACTURING TEST

MANUFACTURING TECH.

Q&RA 1 15 1 15

FACILITIES

DIRECT DIST 27 18 2 18

TRAINING

TOTAL DIRECT LABOR| 1 13 9 89 BT 102

MATERIAL 12 12

LOGISTIC HARDWARE -

BURDEN i I
TOTAL MATERTAL 16 16
TOTAL OFHER

TOTAL COST

13 105 118




MLLY
DEVELOPMENT COST
NON~RECURRTNG

PART I

ASSEMBLY OR SYSTEM
TABLE 4.4.3.0-1I1

Elgment of Cost Manhours Manhours Dollars

Direct Labor

Engineering

Logistics

Laboratory Technician 5,700
Production

Tooling

Manufacturing Test

Q&RA 1,521
Facilities

Manufacturing Technician

Total Direct Labor 74221
Program Executive 867 10,239
Program Planning & Reporting ) 217 © 2,563
Industrial Relations w7 u57
Total Labor - Part I 1,131 13,259
Material
Program Planning & Reporting L
Tndustrial Relations 5
Material Subtotal ?
Material & Administrative Burden 3

Total Material 1z

TOTAL COST - PART I 13,271
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MLLV
DEVELOPMENT COST
NON-RECURRING

MANUFACTURING DEVELOPMENT SRM

TABLE 4.4.3.0-1I1

Flement of Cost Manhours Bollars
Lab Technician 5,700 55,404
Direct Distributable 1,824 17,729

Subtotal 75524 73,133
Training 83 807
Subtotal 7,607 73,940
Q&RA 1,521 14,784
TOTAL LABOR 9,128 88,724
Méterial
Lab Tech. 11,970
Q&RA . L6
Material Subtotal 12,426
Material and Administrative Burden 4,225
Total Material 16,651

TOTAL COST 105,375
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4.4.4 SRM Motor Pre-Flight Rating Testing (PFRT)

The tests listed herein are the tests that are required by the SRM manufacturer.

The test categories are structure, mofor, and other program costs as shown
in Fig‘-lre 4. 4. 49 0"'1.

Strueture

Structural components

Electrical system

Instrumentation

Separation components

Destruct charges and firing components

-U'lb-ll.bol.\f)l—‘

=
[=]
Py
o
]

Costs

Chamber

Nozzles

Case installation

Propellant and liner materials
Igniter

Shipping

Manuvfacturing labor

Process and fest

Inspection

[N S e
. * & ¥

LDOD-:I??U‘IPP

o

Other Program Costs

o

Management and administration
Engineering

Test equipment design

Component development

Special test equipment

Test facilities

. General and administrative expenses

There costs are displayed by Table 4, 4. 4. 0-L
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PFRT
$117,116

4.4.4.0

MOTOR

$69, 321
4,4,4,1
THER PROGRAM
$14, 758
4.4.4,2
STRUCTURE
$33, 037
4.4.4.3

NOTES:
DOLLARS ARE IN TIIOUSANDS.
NUMBERS IN LOWER RIGHT CORNER
DESIGNATE APPLICABLE SECTION
NUMBER FOR COST DETAILS.

FIGURE 4. 4. 4, 0~1 MLLV SRM PRE-FLIGHT RATING TEST (PFRT) COSTS
DEVELOPMENT TEST, "B" COSTS
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TABLE 4.4.4.0-I

609

MLLV COST SUMMARY  TOTAL DEV/PFRT - SRM A0 s cd (Il THOUSANDS)
PROGRAM MGMT. [CONT. END ITEM [FACILITIES LOGISTICS TOTAL
ELEMENT OF COST PART I PART IT PART IIT | PART IV OTHER
. owm $ M/H eI S M/H 5
PRCGRAM EXECUTIVE 33 291 .33 391
PROGRAM PLAN.& REPT. g3 976 83 976
INDUSTRIAL RELATIONS 17 171 17 171
ENGINEERING ‘ ' 628 | 7,415 ' 628 7,415
LAB TECHNICIANS
TOOLING
PRODUCTION
MANUFACTURING TEST . 924 | 8,972 924 8,972
MANUFACTURING TECH.
Q& RA . 147 1,428 147 1,428
FACILITIES
DIRECT DIST
TRAINING
TOTAL DIRECT LABOR}| 133 |1,538 | 1,699 | 17,815 1,832 19,353
MATERIAL | 1,708 8,069 " 95777
LOGISTIC HARDWARE "1 877986 87.986
BURDEN
TOTAL MATERIAL 89,6941 | 8;069 ~ 97,763
TOTAL OTHER :
TOTAL COST 1,538 89,694 | 8,069. 117,116

* SPECIMEN



018

TABLE 4.4.4.0-1II
MLLV COST SUMMAEY

DEV/PFRT TEST - SRM

AdBE]c

(I¥ THOUSANDS)

ELEMENT OF COST

PROGRAM MGMT. | CONT.
PART I

END ITEM

PART IT

FACILLTTES
PART ITI

LOGISTICS
PART IV

M/H $ M/H

$

=
= .

=
= §

HER

M/H 5

PROGRAM EXECUTIVE

PRCGRAM PLAW.& REFT,

INDUSTRIAL RELATIONS

ENGINEERTNG

LAB TECHNICIANS

TOCLING

PRODUCTION

MANUFACTURING TEST

502

*, 875

502 4,875

MANUFACTURING TECH.

Q& RA

147

1,428

147 1,428

FACILITIES

DIRECT DIET

TRAINING

TOTAL DIRECT LAEBOH

| 649

6,303

649 6,303

MATERTAL

8,069

8,069

LOGISTIC HARDWARE

S 349

BURDEH

TOTLL MATERIAL

8,069

63,018

TOTAL OTHER

TUTAL COST

8,069

69,321

* SPECIMEN




MLLY
SRM
DEVELOPMENT TESTS
DEV/PFRT .
(DOLLARS IN THOUSANDS)

TABLE 4.4,4,.0-IIT

1. Chamber _ " 20,374
2. Nozzle:
Shell 5,4l6
Ablatives & Exit Cone 9,372
Flexible Seal Assembly 2,705
Aetuators (2/Motor) 858
£PU (2/Motor) 1,509 19,890
3, Case Instulation , ) 1,065
4, Propellant & Linear Materials 11,966
5. Igniter 357
6. Transportation 1,297
7 Manufacturing Labor
Process & Test 4,875
Inspection 1,428 6,303
Test Facility - 8,062
*Total Motor Cost Less Fee 69,321

* Cost for ten solid rocket motors for PFRT t st. Dollar based on ferojet input
of 15 January, 1969.
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TABLE 4.4.4,2-T
MLLV COST SUMMARY-DEV/PFRT - OTHER PROGRAM COST - SRM Aukhsin (14 THOUSANDS)

<19

PROGRAM MGMT. |CONT. END ITEM JFACILITIEY LOGISTICS

ELEMENT CF COST PART I PART 11 szRT ITT ZFART v OTHER

TOTAL

.| M/ $ M/H $ oI 8 5 8 M/H

£

PROGRAM EXECUTIVE 33 391 33 391

PRCGRAM PLAN.& REPT. 83 976 83 976

IKDUSTRIAL, RELATIONS 17 171 17 71

ENGINEERING 628 7,415 628 7,415

LAB TECHNICIANS

TOOLING

FRODUGCTION

MANUFACTURING TEST ) hz2 4,097 422 4,097

MANUFACTURING TECH.

Q& RA

FACTLITIES

DIRECT DIST

TRATINING.

TOTAL DIRECT LABOR| 133 1,538% 1,050 { 11,512 1,183 13,050

MATERLAL . * 1,708 1,708

LCGISTIC HARDWARE

BURDEN

TOTAL MATERTAL - 1,708 14,708

TOTAL OTHER

TOTAL COST
1,538 %3,220 14,758

* Special Test Fac. 643
Test Equip. 1,065



MLLV

PART I

DEV/PFRT ~ OTHER PROGRAM COST - SRM
ASSEMBLY ‘OR SYSTEM

TABIE 4,4.4.2-TT

Elemgnt of Cost Manhours Magnhours Dollars
Direct Labar
Engrinecring
Logistics

Laboratory Technician
Production

Tooling
Manufacturing Tesl
Q&RA

Facilities

Manufacturing Technician

Total Direet Labor

Program Executive ' 33,078 390,652
Program Planning & Reporting . 82,695 976,630
Industrial Relations 17,564 170,718

Total Labor -~ Part I 133,337 1,538,000

Material

Program Planning & Reporting
Industrial Relations

Material Subtotal
Material & Adminisirative Burden

Total Material
TOTAL COST - PART I 1,538, 000.
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TABIIE Ll’o L”o LI’. 2-’III

MLLV PART II COST SUMMARYDEV/PFRT OTHER PROGRAM COST - SRM

s sk ¢

(IN THOUSANDS)

ENGINEERING PRODUCTION TOOLING TEST TCTAL
EILEMENT OF CGST : :
M/H $ M/H % M/H $ M/H $ M/H $

ENGINEERING 75415 628 7,415
LAB TECHNICIANS

TOOLING

PRODUCTION

MANUFACTURING TEST u22 | 4,097 b22 4,097
MANUFACTURING TECH.

Q&R A

DIRECT DIST

TRAINING 7

TOTAL DIRECT LiZTR | 28 7,415 422 | 4,097 1,050 . 11,512
MATERTAL; 1,708 1,708
LAB. TECHWICIANS

TOOLING

PRODUCTION

MFG. TECHNICIALS

Q& R A

SUBTOTAL 1,708 1,708

MAT. & ADM. EURLZS

TOTAL MATERTIAL ] 1,708 1,708
TOTAL PART II 77257 7,415 5,805 13,220

* Special Test Equip & Facilities




MLLV

NON-RECURRING COSTS

PART T1-ADEV/PFRT OTHER PROGRAM COST - SRM

ASSEMBLY OR SYSTEM
DESIGN ENGINEERING

BASIC DESIGN
1. Laboratory Technicians
Subtotal

Z. Q&RA.

TOTAL ENGINEERING LABOR

MATERIAL
4. Laboratory Technicians
. Q&RA
Subtotal
5. Material and Adm. Burden

TOTAL MATERIAL

TOTAL ENGINEERING COST

€15

MANHOURS

627,857 .

627,857

DOLLARS

7,415,000

7,415,000

7.4415.000



MLLV
SRM
DEVELOPMENT TESTS
DEV/PFRT

(DOLLARS IN THOUSANDS)
TABLE 4.4.4.2-v

* Other Program Costs

1. Labor
Management & Administration
Engineering
Test Equipment Design

2. Component Development

3. Special Test Equipment

4., Test Facilities

Total Aerojet other program cost less fee

* Based on Aerojet input, January 15, 1969
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TA—BLE ll'.’-l'-'—l'. 3—1

MLLV COST SUMMARY DEV/PFRT_ TESTS - STRUCTURE & OTHER STAGE HDWE A D BE CD (I THOUSANDS)
PROGRAM MGMT. {CONT. END ITEM {FACILITIES LOGISTICS TOT AT
ELIMENT QF COST PART 1 PART TI PART II¥ | PART 1V OTHER - -
== 351
we [ 5 | wm | s |5 s [F s /R 5

LT9

PROGRAM EXECUTIVE

PRCGRAM PLAN.& REPT.

INDUSTRIAL RELATIONS

ENGINEERING

Li8 TECHNICIANS

TOCLING

PRCDUCTION

MANUFACTURING TEST

MANUFACTURING TECH.

Q&R A

FACILITIES

DIRECT DIST

TRAINING.

TOTAL DIRECT LABOR

MATERIAL

LOGISTIC HARDWARE *55037 33,037 -

BURDEN

TOTAL MATERIAL 33,307 33,037

TOTAL OTHER

TOTAL COST
33,037 33,307

* SPECIMEN



MLLV
SRM
DEV/PFRT
NON-RECURRING
(DOLLARS TN THOUSANDS)

TARLE 4.4.4.3}11

Structure and Other Stage Hardware

*]. Attach Structure 4,395
*2. Aft Skirt 1,353
*3. Fittings 1,011
Y, Stage Components
Heat Shield 2,070
Raceway (Tunnel) 620
Environmental Control Duct h10
Mounting and Fairing 2,200 5,300
*%5, Electrical System 9,400
kG, Instrumentation 11,000
*E7, Stage Seperation
Initiation Components 280
*%8, Destruct Charges and Firing Components 298
Total Cost Less Fee 33,037
* Cost for three sets of structure and other Stage Hardware for PERT Program
i Cost includes test development cost for these items and three equivalent

sets of hardware to be delivered to the SEM contractor for futher testing
in comwbination with the SRM PFRT Tests.
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4,4.5 Facility Checkouf Vehicle - SRM Stage

The facility checkout SRM stage is defined as the test article that will be used to
checkout the following:

a. The SRM stage manufacturing tools, facilities and equipment

b. All SRM stage related R&D test facilities and equipment

¢. SRM stage handling and transportation equipment

d. SRM stage launch complex facilities and support areas

e, All SRM stage GSE (manufacturing facility and launch facility)
i, All SRM stage processes and procedures

The primary objective of the facility vehicle is to achieve a state of operational
readiness prior to processing of the flight vehicles. The costs associated with

this facility vehicle are displayed in Table 4. 4, 5. 0-1. The facility vehicle consists

of the following types of cost elements:

a, SRM stage structure

b, Systems

¢. Transportation from the manufacturing plant to the launch site.

d. The cost of a larger dummy payload and instrument unit (basically required
due to the larger payload capability provided by the solids).

e. Launch cycle cost (based on one years cost to check out the facility).
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TABLE 4.4.5.0-I

0Z9

MLLV COST SUMMARI FACILITY VEHICLE ~ SRM 3TAGE . Al e ¢ (I¥ THOU3ANDS)
PROGRAM MGMT. |CONT. END ITEM FACILITIEY LOGISTICS TITAL

ELEMENT OF COST PART I PART II PART TIT | PART TV | . S
M/H $ M/H e M/H 5

PROGRAM EXECUTIVE

PRCGEAM PLAN.& REPT.

INDUSTRIAL RELATICNS

ENGINERRING

| LABE TECHNICIANS

TOOLING

PRODUGTION

MANUFACTURING TEST

MANUFACTURTNG TECH.

Q& RA

FACILITIES

DIRECT DIST

TRATHING.

TOTAL DIRECT LATOR

MATERTAL

LOGISTIC HARDWARE

BURDEN

TOTAL MATERIAL

— P —— e e—

[ ToTAL OMHER 30,219 30,219

TOTAL COST
30,219 30,219




MLLV
NON-RECURRING
R&D COST

FACILITY VEHICLE - SRM STAGE

Element of Cost Dollars
(In Thousands)

Structures 5,593
Transportation 26
Dummy payload & IU 1,500
Launch Operations : 23,100

Total Cost 30,219
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4. 4.6 Systems Development Facility (Breadboard) - SRM Stage

The Systems Development Breadboard Facility operations required for the SRM
stage will provide for extensive testing, evaluation, and verification of components,

sub-systems and systems under controlled conditions that approximate those at
the launch site,

Existing facilities at Michoud will be used to house the breadboard. 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.

The costs associated with the SDT for the SRM stage vehicle are displayed in
Table 4. 4. 6. 0~1.
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TABLE 4.4.6.0-I
MLLV COST SUMMARY

SDF - SRM'S

s sEEc

(I THOUSANDS)

ELEMENT OF COST

PROGRAM MGMT .

PART I

CONT. END ITEM

PART IT

[FACILITIES
PART TIT

LOGISTICS
PART IV

M/H

$

M/H

$

5
=

$

=)
~—

=

$

OTHER

TOTAL

M/H

€3

PROGRAM EXECUTIVE
PROGRAM PLAN.& REPT.
INDUSTRIAL RELATTONS
ENGINEERING

1AE TECHNICIANS
TOOLING

PRODUCTION
MANUFACTURING TEST
MANUFACTURING TECH.

Q& RA
FACILITIES

DIRECT DIST
TRAINING

TOTAL DIRECT LABOR

MATERIAL

LCGISTIC HARDWARE
BURDEN

TOTLL, MATERIAL

TOTAL OTHER

b, 575

b, 575

" TOTAL COST

4,575

4,575




LV
NOW-RECURRING CGOST
R&D TEST FACILITIES

SYSTEMS DEVELCPMENT FACILITY - SRM'S

TABLE 4-4.6.0-11

Element of Cost Dollars
(In Thousands)

Equipment 3,500
Operation (1) 1,075
Total SDF 4,575

(1) Operation Cost is estimated for a five year period.
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4.4.7 R&D Flight SRM Stages

The R&D {flight vehicles are the final qualification testing that must precede the
manned flights in order to qualify the system. The SRM stages requ1red for the
two R&D tests will assist in verifying the vehicle readiness,

The prime objectives of flight tests are:

a.

€,

Evaluation of hardware characteristics and operational procedures which
cannot be adequately evaluated by ground tesfing,

Acquisition of flight daia and correlation of these data with the results of
ground tests,

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

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

Ground crew training,

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.

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

The costs for two SRM stage vehicles are shown in Table 4, 4, 7. 0-1. This cost
includes all the cost of stage hardware, R&D instrumentation, Instrument Unit,
SE&I and Launch Cycle costs (these launch costs for each R&D flight are based
on 4 nine month cycle). In addition these costs include all transportation, facility
and equipment maintenance,
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TABLE 4.4.7.0-1
MLLV COST SUMMARY

TWO R&D FLIGHTS - & SOLID ROCKET MOTORS

a0eXxcd

(T THOUSANDS)

ELRMENT OF COST

PROGRAM MCMT.

PART T

CONT. END ITEM [FACLLITIES

FART I1

PART TIT

LOGISTICS
PART IV

M/H

$

M/H

$

]

=K

ja=l
)

$

OTHER

TOTAL

1

M/H

iy

PRCGRAM EXECUTIVE
PRCGRAM PLAN.& REPT.
INDUSTRIAL RELATIONS
ENGTINEERTNG

LiR TECHNICIANS
TGOLING

PRODUCTION
MANUFACTURING TEST

MANUFACTURING TECH.

Q& RA

FACILITIES

DIRECT DIST

TRATRING

TOTAL DIRECT LABCR

MATERTAL

LOGISTIC HARDWARE

BURDEN

TCTAL MATERIAL

TCTAL OTHER

196,207|

196,207

TOTAL COST

%96,2&7

196,207




TABLE 4.4.7.0-II
MLLV

DEVELOPMENTAL COSTS

TWO R&D FLIGHTS - 8 SRMS/FLIGHT
(DOLLARS IN THOUSANDS)

Element of Cost No. 1 No, 2
Stage Hardware (1) $ 78,087 $ 71,464
For Forward Skirt 2,950 2,950
Launch Operations 8,090 8,090
SE&I 1,150 1,150
Instrumentation 11,136 11,136
$101,415 S 94,792
TOTAL COSTS CF TWO R&D FLIGHTS $196,207

(1) 1Includes Transportation and Facility and Equipment
Maintenance Costs
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4,4.8 Wind Tunnel (Model Tests) - SRM Stage

Models will be used ‘in wind tunnel tests to investigate the aerodynamic characteristics
and dynamic behavior of the MLLV SRM stages under laboratory conditions.

Test Description:

Force Model Tests ~ The purpose of these tests will be {o ascertain range safety
aerodynamics after inflight destruct, by checking the aerodynamic characteristics
of models of selected fragments of the SRM stage.

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

Performance Characteristics of Various Vehicle Combinations - Model tests will
determine aerodynamic performance characteristics of possible vehicle configura-

tions within the vehicle family.

Resource Requirements:

The assumption is that adequate facilities already exist for the conduct of the model
tests to develop the required information for the MLLV program. If is anticipated,
therefore, that costs for these tests will be based on procurement of the models
and occupancy time at the test facility.

Based on prior fest experience, the following estimate is shown in Table 4. 4, 8. 0-L
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TABLE 4,4.8,0-I
MLLV COST SUMMARY WIND TUNNEL SRM STAGE A0sE O] (I THOUSANDS)

PROGRAM MGMT. [COMT. BND ITEM FACILITIES LOGISTICS mAT AT

T IT T
PART 1 PART IT PAR! Il PART TV OPHER

ELBMENT OF COST
M/H $ | wH s =08 15 s M/H 3

PRCORAM EXEQUTIVE

PROGEAM PLAN.& REPT.

INDUSTRIAL RELATIONS

ENGINEERING

LLE TECHNICIANS

TOOLING

PRODUCTION

MANUFACTURLNG TEST

MafUFACTURING TECH.

Q& R A

FACILITLES

DIRECT DBIST

TRATHING

TOTAL DIRECT LABOR

MATERIAL

LOGISTIC HARDWARE

BURDEN

TOTAL MATERIAL

TOTAL OTHER ' | oo 400

TOTAL CGST
) 400 430




MLLV
DEVELOPMENTAT, TESTTNG COSTS
NON-RECURRING

WIND TUNNEL TEST SRM STAGE

TABLE 4.4.8,0-IT

Element of Cost

Wind Tunnel Models

(1) These costs are based on Engineering Estimate.
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4.4.9 Structural Tests - SRM Stage

Structural tests for the SRM stage are defined as those tests that are required to
prove the reliability of the following:

1. Aftfach structure
2. Aft skirt

3. Nose cone

4, Fittings

Table 4. 4. 9. 0-1 displays the costs that are associated with these tests. Additional
costs are shown for test facilities, material dollars, and cost of conducting the
tests, These fests apply to the Boeing built structures only.
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TABLE 4.4.9.0-I
MLLV COST SUMMARY

STRUCTURAL TEST - SRM

AldsEc]

(I THOUSANDS)

PROGRAM MGMT. [CONT. END ITEM [PACILITIES LOGISTICS o7 A
ELEMENT OF COST PART 1 PART 11 FPART 111 o
M/H $ | w/m R 3 M/H 5

PRCGRAM EXECUTIVE
PROGRAM PLAN.& REPT.
INDUSTRIAL RELATTONS
ENGINEERING
LAE TECHNICIANS
TOCLING
PRODUCTI ON
MANUFACTURING TEST 10 188 30 388
MANUFACTURING TECH.
Q& RA
FACILITIES
DIRECT DIST
TRAINING

TOTAL DIRECT LABOR 10 388 10 388
MATERTAL _ 216 $ 216
LOGISTIC HARDWARE *2,922 25922
BURDEX

TOTAL MATERIAL 3,138 3,138

TOTAL OTHER 263 263

TOTAL COST
3,789 3,789

* TEST SPECIMEN




MLLYV
SRM
* STRUGTURAL TEST
NON-RECURRT NG
(DOLLARS 1IN THOUSANDS)

TABLE 4.4.9.0-II

Manhours Dollars
Test Facilities 263
2. Test Specimen

Attach Structure 1,465
Aft Skirt 451
Fittings 337
Nose Cone 669

3. Cost of Running Tests .
Labor 40,000 388
Material 216
Total Cost 40,000 3,789

Tests to be conducted at Michoud, on the specimens mentioned above.
Test facilities are in addition to the facilities required for the
core stage vehicle.
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NOTE: This is the third book (Book C) of the three books which comprise
Volume V, Baseline MLLV Cost, of the final documentation for
"Cost Studies of Multipurpose Large Launch Vehicles". This
book contains Section 5.0, MLLV First Unit or VC" Cost.
Sections 1. 0 through 3. 0 are contained in Book A of Volume V.
Included in Book A are the Introduction and Summary, Cost
Ground Rules and Guidelines and the Get Ready or "A" costs.
Section 4.0 presents the development test costs or "B cost
in Book B of Volume V,
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5.0 FIRST UNIT OR "C'" COST

This section contains a detailed breakdown of the total recurring cost for the first
unit of the configuration elements of the Multipurpose T.arge Launch Vehicle
(MLLV) Baseline Family. The First Unit has been defined as the first article

for flight test i.e., the first R&D flight test.

The recurring costs have heen categorized into subparagraphs as follows:

5.1  Single Stage Vehicle (Section 5. 1.0, 0)

5.2 Engine Module - Injection Stage (Section 5.2.0.0)

5.3  Delta Costs for One (1) Fuel Module - Injection Stage (Section 5.3