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FOREWORD

The final report on the Phase III Reusable Nuclear Shuttle (RNS)
study was prepared by the North American Rockwell Corporation through
its Space Division for the National Aeronautics and Space Administration's
George C. Marshall Space Flight Center in accordance with Appendix A
of contract NAS58-24975, The contract directed a study of mission require-
ments, design concepts and‘definition, performance, operations, facilities,
and development activities for the RNS with associated funding and sched-
uling requirements,

This report is submitted in six volumes with Volume II consisting of
three separate books:

I. (SD 71-466-1) Executive Summary
II. Concept and Feasibility Analysis
A. (SD 71-466-2) System Evaluation and Capability
B. (SD 71-466-3) Baseline System Definition
C, (SD 71-466-4) System Engineering Documentation
111, (SD 71-466-5) Program Support Requirements
Iv. (8D 71-466-6) Cost Data (Limited Distribution)
V. (SD 71-466-7) Schedules, Milestones, and Networks
VI. (SD 71-466-8) Reliability and Safety Analysis

This volume presents individual schedules covering SR&T, Test,
Manufacturing, and Facilities activities as well as alternate integrated RNS
program schedules. Additionally, logic networks were prepared covering
the essential elements of Phases B, C, and D showing tasks, sequencing,
and interfaces,
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1.0 INTRODUCTION

The program development schedule is a graphical display or timeline
of the principal activities and milestones which comprise the development
program. It represents one of the resource requirements, and has a
significant effect on time, cost, expenditure rate, manpower, facilities,
etc. Although the objective of schedule development is definition of
realistic time requirements and activity phasing, there is necessarily
considerable uncertainty in both requirements and optimal phasing at the
present Phase A state of program development. Hardware and time
requirements are based on the best available estimates and criteria which
will be discussed below. To assure consideration of all of the most
promising test program alternatives, schedules have been prepared based
on four alternate configurations.

The alternates differ primarily in the configurations employed for the
hot and cold flow test article (RNS-TA-1). Although the other test articles
are almost the same for all programs, the effect of the different manufac-
turing time spans for RNS-TA-1 and the variations in allocation of test
requirements among the available test articles, is to produce significantly
different schedules.

SD71-466-7
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2.0 APPROACH

Preparation of a program development schedule is essentially a
synthesis process. It involves determination of the required activities
and events, the ground rules and constraints, synthesizing an integrated
set of activities, and major milestones that satisfy the ground rules and
constraints, and evaluating to determine the optimal schedule. The
procedure used in this study involved the following steps:

1.

Consideration of NASA furnished guidelines and program
objectives.

. Establishment of ground rules and assumptions.

Consideration of historical schedule data from the NASA
Apollo and Saturn programs.

. Application of schedule data from the contractor's

Saturn S-II hardware program.

. Extraction of applicable data from technical analysis

conducted during reusable nuclear shuttle Phase III and
previous studies.

. Preparation of a list of major program milestones arranged

in chronological order.

. Analyses of the previous information and translation of the

system and subsystem requirements into development
requirements.

Construction of alternate program development schedules

through an iterative process which takes into account all
of the preceding factors.

SD 71-466-7
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3.0 GROUND RULES AND ASSUMPTIONS

The following ground rules and assumptions were used in developing
the alternate schedules. They are derived from NASA-MSFC guidelines

and the

results of technical analyses.

. The schedules cover all development phases from the state of

Phase A-IV (Analysis/Definition) through the completion of
flight testing and establishment of an initial operational
capability (IOC).

The schedules define an orderly economical evolution of activities
and events leading to the realization of NASA program objectives.
NASA dates for first flight (mid-CY 1979) and IOC (CY 1981) are
treated as guidelines but not as constraints.

. Launch will be from KSC using Saturn V-INT-21 booster vehicles.

. Existing contractor and government facilities will be used;

requirements for additional or modified facilities and related
equipment will be minimized.

. The next program phase will be Phase A-IV (Analysis/Definition)

starting on July 1, 1971. This will be followed by a normal
-sequence of Phases B, C, and D.

. A 12-month spacing for Phases A-IV and B was assumed. This

time includes both contract performance and NASA review and
is consistent with recent experience on major NASA programs.

. A 9-month period is assumed for Phase C. This period represents

a reduction of 3 months from the 12 month per phase spacing. The
rationale for this reduction is the assumption that Phase D would
commence immediately at the conclusion of Phase C, with contin-
uous NASA review throughout the program rather than a 3 month
gap between phases.

For a program in which all test articles are made of flight
hardware/configuration, it will take 36 months to fabricate a
complete tank including installation and checkout of all sys-
tems. This time span was determined from analysis of the
actual manufacturing flow taking into account S-II experience

as well as the expected learning from the structural test article.

. The maximum time span to fabricate a complete test stage is

40 months for program alternatives employing mixed flight/
non-fliecht subsystems.

3-1 SD 71-466-7
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A combined production rate for both RNS and S-II of three per
yvear was assumed during DDT&E. Earlier studies on S-II
manufacturing showed a rate of four stages per year to be
optimal from a unit cost for manufacturing only. A maximum
of three RNS tanks per year can be produced with a single set
of tooling. Preliminary analysis indicates a number of potential
problems connected with prolonged in-production storage, in
addition to cost. A rate of two articles per year is considered
the minimum economical production rate, due to utilization of
manpower and maintenance of key skills. This rate was used
for the operational period (one S-II plus one RNS at the same
facility). .

The earliest availability of a NERVA engine at NRDS is
July 1, 1977. (Date supplied by engine developer.)

Minimum time requirements for major subsystem tests derived
in the test planning analysis are as follows:

Cold Flow 9 months
Dynamic Test 12 months
Hot Test 24 months
Facilities C/O 6 months
Flight Test 18 months

The launch of the flight test vehicle is scheduled for 6 months
prior to the completion of the 24 month hot test program.

The IOC date coincides with the completion of the 18-month flight
test program.

SD 71-466-7
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4,0 PHASING SCHEDULES AND MILESTONES

The calendar date phasing for the RNS Program is similar for the
four alternate program development schedules, and will be described in
detail in this section of the report.

1. A nine-month Phase A-IV Analysis/Definition Study is scheduled
to start on July 1, 1971. The completion of this study will be
followed by a three-month customer review,proposal and
evaluation period.

2. Phase B - Definition Study will start on July 1, 1972, and lasts
for nine months to March 31, 1972, During this study period,
the major accomplishments will include:

Preliminary system requirements review (SRR)
System requirements baseline (SRB) established
Mission objective established

System and subsystem functional specifications
and specification tree established

Preliminary design of selected RNS concept
Updated preliminary program plans and schedules
Updated program cost estimates

Prepare trade study reports

Phase C recommendations

The completion of the Phase B - Definition Study will be followed by a
three month customer review,proposal and evaluation period.

3, Phase C - Design Study will start on July 1, 1973, and lasts for
nine months. Major accomplishments during the Design Study
will include:

Systems design review (SDR)

CEI Part I performance specifications
Preliminary design of subsystems
Preliminary design review (PDR)
Updated program plans and schedules
Detailed cost estimates

Phase D recommendations

SD 71-466-7
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4. Phase D - Development/Operations will commence immediately
following the completion of the Phase C - Design Study, April 1,
1974. The length of Phase D varies with each alternate Program
development schedule, and will be discussed separately in each
alternate schedule description.

The program development schedule shows activity bars with some of
the key milestones for the following program support functions: Procurement,
Facilities, Ground Support Equipment and Logistic Support. Detail program
plans and supporting schedules for these program support functions will be
prepared during the Phase A-IV or Phase B - Definition Study.

The schedule also depicts a supporting research and technology
activity bar reflecting new technology requirements to support the
reusable nuclear shuttle program. Key supporting technology studies
shown on the schedule include:

Propellant management
Composite materials
Material radiation effects
HPI/meteoroid protection
Radiation heating of HPI
HPI/vapor shield system

SCHEDULE HIGHLIGHTS

Baseline and Boilerplate Configurations (Alternate 1)

The description of the baseline program schedule is also applicable
to the boilerplate configuration. The only difference between the two
concepts is that the baseline uses a full flight configuration test article
(RNS-TA-1) for the cold flow and hot test programs while the boilerplate
concept utilizes a flight configuration geometry with heavier gauge material.
Since the manufacturing time requirements and other program elements are
the same, both concepts are shown in the same schedule. For simplification,
baseline and boilerplate configurations will be referred to as baseline
schedule. However, two baseline schedules are considered and are
referred to as Alternate 1 (Figure 4-1) and Alternate 2 (Figure 4-2).

The baseline (Alternate 1) schedule depicts the major milestones for
each of the principal program functions during Phase D. Program plans
will be updated and implemented as soon as possible after Phase D go-ahead.
Project management will implement the project organization, schedule and
cost control, and technical performance functions. Detail development
and production design effort will begin at the start of Phase D with the
critical design review ( CDR) scheduled nine months later. Eighty percent

4-2
SD 71-466-7



¢ z ) i [ o & SYYIA
Ty~ T T T . R L L 1 ASOICNHIZL 7 HONVISIY ONI1¥0ddNS
O —&x rm—n  —. S ———— W——— GNP Dbt Ere——n A——— E———— ———rp  mp— e e et - .
] | S008I 30 ,.mm SToavE mm
: S3H0N 43 ROLD2108d OIONCE 130V IdH S3IN1LS 193443 - . )
1 uouwviovy sTvu3Lve 10ddns o11S1507
1511 $34VdS ———J T ) .
_ l BV1d 1¥0d4NS D1LSIDO0T LNIWITdi m._s.u,u%xﬁumwm_wmurou SIHANLS INILYO) NOISOH3 YOS .
) ] SIANLS LWOW LAV ITId0ud

xuu:ub

aINDIY  dINDI u,z_n.oz<:.|||||u\

®¥ld 350 LNIWTTani 'nl!....U\

AR RERRRTR AR

_::::_::_::::*
Sy GNY NOIEVOtEEYY

_

__:::::::_:::_:__:_::::_:_::_

L fHE N HRIG

ATBiVISSY ONY NOLLYDINBY 4

WV L¥3A hxﬁ.wulu\ ~

|
_,
b
=l

TROILYAILDY SV 94 313 1IN0

]

T E R R R R T R R T TR AR R R A T T AR T A T E I TR A R 1A

-

|

fHEHttu NN annn

1315008 - U-S ~ N4 LVS

|

ATEWIS SV GNY NOLLYIHY8 VS

_ "ASSY L¥3A L3VLS

7

|

nsm |

AVINISSY QHV NOHL YOIV

ASSY LU3A Luvis T ~

|
'}

«hm&?@

Jts31" 10035077

ATBWISSY ONY NOLLVII¥E VS

ASSY¥ LBIA LYvLS —

3

NYId ALy INIWT 1N

R R R L R T R R R R R TR T Y R R L T R AT (TR AR AR LT ATTRRLRCLLETRANLS

e gt R

]

tHUNRDEO R RN BRI un

Tt

ﬂ_.::::::::_::::::::_::::::_

TN

INIT0OL

1

LR R I R R TR R R AR RN IR LR IT}

TUYAY ONITO0L L

ROISI0 OM00L 1¥VLS ] *

JWYUVAY OO0 ININTINIONT lmw

WALS3L IVENLINYLS 313TdW0D ~

|

}
Kv¥9Cud 1531 ININI TN S—

ANINIAUND OUd

R R T AR A LA T R T RS LA AR AT R AN R

$33dS AININIYNI O " 1517 ANG HO IXVIL TTYNLS
AN3RIANO0Y d TwIILIND JLVILIN

5,

]

l
FTBYUVAY NXION SHIIINIOND

H,L

e

“OIINOY NOIS3Q 404
- $33dS i Ldvd-133 3131400

ISVIRY $9M0 108 ¥3D L

HOIS3Q U130 LYVLS u.

BRI sugiana g

T0¥LROD B HOLLDIVIG "ININRYID VIVHIAD 3GIAOUY .\u\

..z«uuo.noxu JvMONVH 0-3SvHd 103810 7 HSINGVLS3 .u\ SNYId NVEO0Hd INIWI AW u\

.

w.ﬁé«?« &duuoi u&.mwuz.uﬁu -

isa Jgngth N».wams.ou -

. §

. SIMAINIS T SNV NYYO08d 03 1vadn

@ 3SYHd 1¥V1S

-

AS17 B3 QV3 ONDTY
SHOLLVONINROO3Y

SIRIALSASENS 40 NDIS3T WiIN3Yd

_w

Tu@xhzoo
40/ EATA 0 uwﬁ:& FE:129
¥

1511 ANG 40 VN ]

$2Avrels3 1503 63 UVI3Q ——

SNCiLYDL41D2dS | LYVd 13D o]

m«»wm (8US) INIISVE S1NOIY SAS

{5US) ROIATY SLNWDIR WIJ SAS WINFud ——
* m
}0d

NDIS3T

o

Sy

WY1d Jvd D48t sMYLS ~md

i

THTHTHIN RSN

LI

HEEHEIS IR i

i

_
_

:::_::_::_::::_::::_::2:_::T:::_::::::.:_:::_:Z:::::::_::_:::__:_:::::.::::::::::

,
|

Tt a e Rn

PO L R L T R

_::_:_~_:::::-:::.ZE::_:::_2:::_::_

HOLLINI43G

(¥05) MIIATY NOIS3T SAS

SNOLLYONINANOD3Y

SL¥0d3Y AGNLS 30vdl

..54500 D0ud g31ivQdn
TI341 INIMVEG OGNV

$TINAIHIS *SHVId B0¥d WiT3¥d Q31vadn
143DH0D SNY 031I313S 40 NDIS30 WiNdad
wwah 33dS 9 SIAdS INNS SASBAS T SAS

QY1S3 $3A1L03r90 NOISSIN

‘AGNLS 491530 3 354 LuvLs

£ avawv-098 ISYHI

_:______::_::_:I:::::::_:_:_:__.W:__::__:_:::::::_:::::.:_:::

1RIWINDI 130ddNS aNNOY¥9 .

i s afnning M O s §3111ovd

-

.

:_:::::::::::::::::___::_::_.:_::::::Z:::_:_::_;_::_::::.5:::::Z::_I—:::m' SNY

2-SNY

N SNy
STIDIHIA TWNOILIVYIJO

tnunnnIn eI

RN IR g a1 1YY 183U 1RO €-vi-SNY

FIJIL¥Y 1S3 NAG 2 0/3 Dv4 Z-VI-SNY

THETHIR R It e g I8V 1SUI0H 3 M0 410D 1-vI-SNY

TIOULYY 1S3 WANLONYIS S-SNY
:_::____:_:___:::_::.::_::_:_::E____:.::::::::::_OZ.mEU(aDZg
1S 2 INIWdOTIAA

FHHTHL T O R R R TV U R R L e gy Emzwmzwdma

| NOISIQ B ONIYTNIONI
LB LT L INTWIOVNYW WYHO0Ud

EROLIVHILO/INIWAOTIAI0 ¢ 3ISVHd
L IR TH AU RS T e N91S30 9 3SVHd

NOLLINISIG § 3SVHd

Al-¥ 3SyHd bosnnnnnnseguanesys NOLLINFIO/STSATVNY Al-Y ISVHd

" AGNLS KOILINATO 8 3%%d L8Y1S

— s
|
AGNLS Al-Y 3SvHd LuviS

SINOISTUW WYISOUd dorvw

NW..

-V 3S%Hd NOILAVENOD —

& SuvIA’




¢

L799%"1L as 7y ‘57 -
NOLIYEN9IINDD 3LY1dUTHO8 : A, . .
' HOI1VINOIANOD 3NITISVE | ANy TINAHHIS INIWA0TIAI0 WYHSOHd SNY AUVNIWITIN “I+F 38NOH
o 6 3 L s $ ¥ B
& ) ASBIONHIZL GV HOBVISIN INILE04dNS
HOLLVIIAZ Y0vB 0334 v2va LHod —— | ] I - } ! I
FA 1¥04dNS 31151901
*. ] 218VHVAY LATHAINGI ININIVYL TWNOLLVYIdO——er] | ) | [
Won 1NINAIND3 140ddNs GRNOYD
_ ] QIBINDIY 359 1531 QYD ~ommd
ﬁ _ ! SLH3RIWINGIY 359 1531 LHOINS | (2% GI¥INDIY LNANAINOI ,Soxuu:ul..ﬂ I QIUADIY SN0 THINANYH.
“~ 1S31L1HOVd
£ ] HOLLVAILDY 3¥3 NAG 31314103 T _ . i ~ _
31314000 - BOUYAILIY Z-S1 $/3 3131dW0D )
<y ASSY Y 9V NS
< 39vA0LS T oo [wism 1548 |7 wotrvnss] ATENIS5Y ORY SCILVHIESVS ] :::::.:::.::_::T._::_::::::::_:_::::::_:::.*__:::__:::::::::_::::::_::_ RN
= ’ 3 Ly~ e AJBWISSY TvDILHIA 14V1IS —T P4 ASSY 2 9V41I-S i
4 - 39v30kS T "o/3 T wISNISAS [ NoiLvanss] AanIcsy Y S:&Emi_ ] ~
] . = B AT9MISSY TWHiNaA pavi§ T ASSY R 8YS UI-§ ]
N 39V3018 1 /) [ avisnisas T T newni | ABNISSY ONY NOILYDI¥3 VS | | sranmpg e
1 1
I, “ | ) . 3LVR L ASSY LHIA Eﬁmlu\ _
=z 1 1531 LW 1 NOILYNvdIud HONAV T 1 3swueois ! /2 { tvasnisas {1 ] Insat | ANiYISSY ONY NOILYIINE Y 4 T:::::::
: _ I.M _ . E — xmz._maL ~ m_.s..rl_ ASSY L¥3A E&.ml.”_‘ _ “
' 20 | ! M - - - : 39vi01s | O/ ® LSNI SAS - ASSY - BYd - ¥315008 - 11-§ - NanLvs ' 1
_ _mu«_..mzm HINOV e 1531 StmA 0/2 ov3 03 bisniwarsas ] ([ nsw ATGWIS SV GNY BOILVIIGE vV
. : _ . _ 08% 01 ¥3AN30— _ uE:._ _ ASSV LY¥IA L¥VLS ,_‘ _
2 1 wvs0ud 1531 10H BNILS3L MOT3 610D Te] o5 Jaswisas] ] nsm | - AMWISSY GV NOWLWIINE VS
——— < ) & )
~ _ . ~ . “ _ ASSY L42A 18v1s g ~
‘ F1INEAOD ISIL 104 SUA 2 QIYINDI INIONT VAUIN — : Iww “uis-#]_ [1531° 10035013
_ : : [ SCAN 01 ¥3AINTG . 3
. _ ~ Z JNXJOW ONIYIINIINT
i | | ASSY LHIA Luvis —
.2 1§31 % INIWJO1IAID g
i ” - . _ IWYUVAY dOXIOW ONIYIINIONI .N\.w» ~
. i o | 153} u:a«zs EMm.G — JASIL TVHNLOOYMLS 313 TdWOd ~
: o . ! 11531 100 1uvis
- “ \L ¢t 1S3 AHDNG 313 WN00 1531 LOH S¥A 2 21314100 , SN ININIWNI O4d
oo T 1531 1M LBVLS _ - 1$31 MO G100 L¥VLS | | |
1 N NOIS30 % ONIYIINIONT ;
T 1 : T 914v00 N9IS3Q 404
- ” _ - _ 1¥0ddNS ONV INIBOLINON QINIVLSNS L | ATEYUVAY dN¥O0W SRIEIINON ..lw. - $33d$ # Lavd-13D 3£314w0D
G LNINITYRYI HvaoCHd
_ _ _ "1804dNS ONV SNIHOLINGI U3NIVLSHS .Il..l:u\ | - TOHLNGD T ROILLDIYIT "OMNNYId VIVUIAD FAIAOHd — *HVOHOTO¥d 3
& e ) ) ; i , SNOLLYE 30/ LN 31401330
. Ll
Pl R - o
' ; - - {
- m Pl
I I u .
- , 36 4 _- 1531 10HSHA 2 um.{zou e ¢ wo&ﬂza\ém&xua& DHRETINIOND
191531 LIS SOW 81 313140 £oy1-SHY HINOYY 151 u:ﬁﬁwmm_mﬁ . s “wo%m Mmﬁ zenis 1531 IHALINY LS 21319400
- .. - — ' - Wa. . .
G, & 8 £ ] g ¥ £




‘ Space Division
North American Bockwell

of the detail drawings are scheduled for release by CDR, with the remaining
20 percent scheduled for release within the next three months to assure
meeting manufacturing scheduling requirements. The initial operational
capability (IOC) date is concurrent with the completion of eighteen months
of successful flight testing. The IOC date for the baseline schedule
(Alternate 1) is 95 months after the start of Phase D.

The schedule is based on a combined S-II and RNS production rate of
three per year. Fabrication of the initial article is scheduled to start
nine months after Phase D go-ahead. To allow early verification of
structural design, the structural test article (RNS-S) will be fabricated
first. Although the full fabrication period of a flight stage is 36 months,
the structural test article can be completed in 20 months since non-
structural subsystems are not required. By the use of this phasing,
structural tests will be completed 2.5 years after Phase D go-ahead, and
prior to completing fabrication of the flight test article (RNS-TA-3).

Upon completion of structural tests, RNS-S will be converted to an
engineering mockup to support the development and operational programs.

Fabrication of the cold flow/hot test article (RNS-TA-1) will
commence four months after the start of RNS-S. The full 36-month
fabrication period is required, regardless of whether it is the flight
configuration (baseline) or a boilerplate configuration. On completion,
RNS-TA-1 will be shipped to NRDS for cold flow testing, followed by the
hot test program. Cold flow tests will be completed 59 months after
Phase D go-ahead, which is just prior to the start of systems installation
on the flight test article (RNS-TA-3). Completion of two years of hot tests
occurs 83 months after Phase D go-ahead.

The facility checkout and dynamic test article (RNS-TA-2) is
scheduled to start four months after the start of RNS-TA-1 with a
scheduled manufacturing time period of thirty-six months. Upon comple-
tion of this test article, it will be shipped to KSC for a six-month facility
checkout period; then it will be shipped to MSFC for the dynamic test.

~ An S-II stage is scheduled to start six months after the start of
RNS-TA-2, followed four months later by the fabrication of the flight test
article (RNS-TA-3). As depicted on the schedule, the RNS-TA-3 will
require a short storage period prior to shipment to KSC for the start of
launch preparation and launch. The sequence of manufacturing and tests
shown with the time assumed above, yields a total time requirement from
Phase D go-ahead to IOC date of 7 years and 11 months. Three operational

SD 71-466-7
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vehicles, RNS-TA-1, RNS~TA-2, and RNS-TA-3, are depicted on the
schedule with start dates at one-year intervals. The assumption is that

S-II stages required to support the RNS operation flights, will be started at
one-year intervals. The operational schedule then reflects a production
start rate of one article every six months. A breakdown of the manufacturing
techniques, processes, and manufacturing sequence are found in the

detailed manufacturing schedules.

An evaluation of the overall reusable nuclear shuttle program develop-
ment schedule for the baseline and boilerplate configuration (Figure 4-1)
indicates that the phasing of manufacturing and test activities and the
sequence of program milestones will lead to a total time span which meets
the IOC date.

Baseline and Boilerplate Configurations (Alternate 2)

Figure 4-2 represents an alternate phasing plan applicable either to
the baseline or boilerplate configurations. The number and type of
development and flight articles are the same, but a variation in time
phasing sequence is considered. In this alternate, the cold flow and hot
test article (RNS-TA-1) is fabricated first, followed by the structural test
article, RNS-S, As in the previous case, the phasing activities and
milestones were made with concurrence of all groups involved, specifically,
design, test and manufacturing.

The preliminary program phases, A-IV through C, are the same as
in Alternate 1 schedule (Figure 4-1). Thus, Phase D commences April 1,
1974. Fabrication of the initial test article will still start nine months
after Phase D go-ahead, but in this case it will be RNS-TA -1 instead of
RNS-S. This phasing will allow the cold flow and hot tests to be completed
earlier. Also, by advancing completion of hot testing, it is possible to
advance the flight test and IOC dates.

Fabrication of the structural test article (RNS-S) is delayed six months
(Figure 4-2) as compared to Alternate 1 (Figure 4-1). This delay is reflected
in the timing of structural tests. However, these tests are still completed
prior to the start of cold flow tests or final assembly of subsequent articles.
Availability of the engineering mockup will also be delayed six months.
RNS-TA-2, the facility checkout and dynamic test article, is fabricated
next. This article is on the same timing as in schedule Alternate 1 so
that both facility checkout and dynamic tests are completed at the same time
and ahead of launch requirements.
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‘ Space Division
North American Rockwell

Production of the flight test article (RNS-TA-3), is scheduled next
and will be completed in advance of launch preparation requirements.
The flight test article (RNS-TA-3) will be launched six months prior to
completion of two years hot test program. This can be accomplished as a
result of experience gained during 1-1/2 years of hot testing. An S-II
stage is scheduled for production next, thus, keeping the total production
between RNS tanks and S-II stages on four month intervals. RNS-TA-3
will have a brief manufacturing storage period since it is completed about
six months prior to the time it is required at the launch site. Launch of
RNS-TA-3 occurs five years, ten months after Phase D go-ahead.

Similarly, the IOC date occurs seven years, nine months after
Phase D go-ahead, and after completion of 18 months flight testing.
Production of operational hardware proceeds on the same phasmg schedule
presented in Alternate 1 (Figure 4-1).

The basic differences between the two alternate schedules (Figures 4-1
and 4-2) are that the structural testing and engineering mockup utilization
occur earlier in Alternate 1, but cold flow and hot testing are delayed. By
advancing these dates in Alternate 2, the flight test and IOC dates are also
advanced and the overall schedule is shortened. The effect of this change
is a delay in structural design verification and availability of the engineering
mockup.

Mini-Stage Configuration (Alternate 3)

The description of program phasing and major program functions for
the mini-stage configuration schedule (Figure 4-3) is the same as that
described for the baseline schedule except for the discussion that follows.

The initial operational capability (IOC) date depicted on this schedule
is January 1, 1981, or nine months earlier than that shown on the baseline
configuration schedule (Alternate 2). The reason for the earlier IOC date
is that the mini-stage version of RNS-TA-1 can be manufactured in less
time than the full flight configuration used in the baseline schedule. The
mini-stage (RNS-TA-1) test article uses the S-II forward bulkhead and
existing cylinder rings. However, the RNS conical section will be
fabricated to design specifications, thus creating an RNS mini-stage
configuration, As shown in the schedule, an engineering mockup is built
early in the program, with a start date of six months after Phase D
go-ahead, and is therefore available earlier than in the other schedules.
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The mini-stage structural/cold flow/hot test article (RNS-TA-1)
starts nine months after the start of Phase D. The manufacturing time
span for this test article is thirty months or six months shorter than
RNS-TA-2. This thirty=-month time span includes the structural test period.
The reason for the shorter manufacturing time span is that the mini-stage
utilizes Saturn S-II hardware and is shorter in length than the baseline
configuration, thus requiring less fabrication and assembly time. At the
completion of structural tests, all required systems will be installed and
the RNS-TA-1 would then be delivered to NRDS for cold flow and hot
testing. The NERVA engine will be required in March of 1977.

The facility checkout and dynamic test article (RNS-TA-2) is
scheduled for start of fabrication six months after the start of RNS-TA-1,
with a projected forty months manufacturing period. Upon completion of
RNS-TA-2, it will be delivered to KSC for six months of facility checkout,
followed by delivery to MSFC for the dynamic test.

The flight test article (RNS-TA-3) is scheduled to start fabrication
four months after the start of RNS-TA-2. Normal manufacturing time span
for this flight test article is thirty-six months after which it will be delivered
to KSC. As before, the initial S-II is not started until after the flight test
article. This schedule gives a time span from Phase D go-ahead to I0C
date of 7.0 years which will meet the NASA guidelines.

Detail manufacturing and testing descriptions, procedures, processes,
and schedules are found in the manufacturing and program test plans. A
description of remaining functional activity bars found in the schedule are
the same as those described in the previous sections of Alternates 1 and 2.

An analysis of the reusable nuclear shuttle program schedule for the
mini-stage configuration (Alternate 3) indicates that the major sequencing
requirements are satisfied, e.g., facility checkout is completed before
launch preparations of RNS-TA-3 start. However, one less test article
is required for this schedule as compared with the baseline schedule, but
a separate engineering mockup is required, possibly constructed of wood.

Ground Test Module (GTM) Configuration (Alternate 4)

The description of program phasing and major program functions
for the ground test module (GTM) configuration program schedule
(Figure 4-4) is the same as that described previously for the baseline
schedule except for the description that follows.

SD 71-466-7
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The initial operational capability (IOC) date shown on the schedule is
nine months earlier than depicted on the baseline program schedule
(Alternate 2). An earlier IOC date can be realized by using surplus
available S-II hardware, i.e., forward bulkhead, and cylinder sections in
the RNS-TA-1 construction, thus reducing the manufacturing time from
forty months to twenty-seven months.

As shown in the schedule (Figure 4-4), the structural test article
(RNS-S) will start nine months after Phase D go-ahead. Manufacturing
and structural testing will require twenty months after which this test
article will be used as an engineering mockup.

Fabrication of the cold flow/hot test article (RNS-TA-1) will be
initiated three months after the start of RNS-S. Availability of Saturn S-II
hardware makes this spacing feasible. After manufacture of RNS-TA-1,
the test article will be delivered to NRDS to start nine months of cold flow
testing, followed by two years of hot testing. The NERVA engine will be
required in August of 1977,

The facility checkout and dynamic test article RNS-TA-2 is scheduled
to start fabrication six months after RNS-TA-1. This article is
manufactured to flight configuration and will require a forty-month
manufacturing period, after which it will be shipped to KSC for a six-month
facility checkout period, followed by delivery to MSFC for the dynamic
test.

Flight test article (RNS-TA-3) is scheduled to start fabrication four
months after the start of RNS-TA-2. Normal manufacturing time span of
thirty-six months is shown in the schedule after which it will be shipped
to KSC for launch. The time required from Phase D go-ahead to IOC date
is 7.0 years.

Detail manufacturing and testing descriptions, procedures, processes
and schedules are found in the manufacturing and program test plans. A
description of phasing and milestones for the remaining functional activity
bars found in the schedule are the same as described in the previous
sections of Alternates 1 and 2.

Schedules Summary Evaluation

An evaluation of the four alternate program development schedules
indicates each of the schedules is feasible, although none is ideal in all
respects. Each schedule has some dificiencies either in IOC date (based
on MSFC study guidelines) or in the testing phase logic. However, the

SD 71-466-7
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schedules contain a certain amount of flexibility with a reasonable amount
of time slack allowed for unforeseeable program delays or test failures.
Phase A-IV through Phase C have the same calendar start dates and
associated time for the four schedules. IOC dates differ by eleven months,
with the earliest IOC date related to the mini-stage and ground test module
configurations. IOC date differences of the schedules are attributed to

the following factors:

1. Number of test articles used in the program schedules

2. Number of tests scheduled for each test article

)

3. Differences in test article fabrication start dates
4. Use of available Saturn S-II hardware and tooling

5. Differences in fabrication and assembly time spans when
available S-II hardware is used

The baseline configuration program development schedules reflect the
desired manufacturing time spans and testing sequences within the
program constraints used in the development of this schedule. An earlier
IOC date could be realized by modifying or changing any of the following
ground rules and assumptions, e.g., shortening the length of the hot test
period or the flight test period; starting the flight test prior to the
completion of the hot test; or shortening study Phases A-IV or B. However,
the time spans used are the best estimates of realistic requirements. The
above comments and remarks are applicable to the baseline, as well as
the boilerplate configurations. The baseline configuration schedule has

a distinct advantage over the other alternates because of the increase in
the level of confidence if the ground test article RNS-TA~-1 is fabricated
as a full flight configuration vehicle.

An analysis of the mini-stage program schedule indicates the
different testing conditions are not as desirable as the testing program
portrayed on the baseline configuration schedule. The cold flow and hot
test would be conducted on a smaller than flight size configuration test
article and manufacturing would encounter a problem of manpower
utilization in the manufacturing sequence of the test articles. Additionally,
there is a measure of uncertainty of the availability and condition of S-II
hardware.

SD 71-466-7
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The ground test module (GTM) schedule is well sequenced in that
there is little overlapping of the major tests. No storage time is required
for any of the test articles. Manufacturing time spans represent optimal
periods for each of the manufacturing processes. The primary uncertainty
in evaluating this schedule is the assumption that S-II hardware will be
available and suitable for use in the manufacture of test article RNS-TA-1,
This question needs further investigation.

Assuming NASA's IOC date is not firmly fixed and the difference
between Alternates 1 and 2 is not critical, it is recommended that Alternate 1
schedule be adopted. The rationale for this recommendation is that
baseline/boilerplate configurations (Alternate 2) require that the cold
flow/hot test article (RNS-TA-1) be fabricated prior to the structural
test article. Although this is feasible, it is not a practical approach.

The fabrication of the structural article after the RNS-TA-1 would delay

the resolution and incorporation of structural design changes. Consequently,
the delayed incorporation of required changes into the completed CF/HT
article could result in a major structural modification. Additionally, the
possibility exists that the magnitude of the change would preclude the
incorporation of these changes into completed structural systems or articles.
This would result in performing tests on an article which is not representative
of the flight stage configuration.

In conclusion, the fabrication of RNS-TA-1 (Alternate 1) after the
structural article (RNS-S), will permit early resolution of structural
changes, as well as permit the majority of these changes to be incorporated
on an in-line basis, thus keeping modification and change costs to a minimum.

SD 71-466-7
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5.0 PROGRAM SCHEDULES

The program schedules are a breakdown of the integrated schedules
discussed in Section 4.0. The program schedules section incorporates the
individual schedules of major programs such as SR&T, Development Test,
Manufacturing, Facilities, Launch Operations, and a representative lunar
mission. The schedules presented in this section are discussed in greater
detail in Volumes II and III.

SYSTEM ENGINEERING AND DESIGN SCHEDULES

The System Engineering and Design schedule presented in Figure 5-1
depicts the phasing of the different tasks and functions (discussed in the
detailed System Engineering plan) to produce the specific engineering
outputs in a timely manner within allocated time and funding. The functions
shown are based on procedures, controls, and management systems of
NR/SD.

The schedule reflects the planned periods of accomplishments for
each of the major tasks; program milestones, requirements milestones,
planning and control, integration and design, etc.

SUPPORTING RESEARCH AND TECHNOLOGY PROGRAM SCHEDULE

The RNS Supporting Research and Technology (SR&T) program
schedule presented in Figure 5-2 represents an evolutionary stage develop-
ment approach which addresses itself to two technology design periods.
These are established by the initiation of the Phase D effort of the RNS
program (Development/Operations Phase). The plan is to produce an
initial RNS for the 1974 technology period, and then improve the design in
judicious steps beneficial to the lunar shuttle mission while evolving an
advanced system for manned planetary missions operation. In this manner,
the benefits derived from normal technology development, as well as
programmed activities by other space elements will be maximized.
Additionally, expenditures and development risk will be minimized.

The significant tasks and schedules are shown in the figure. Some

of the more significant efforts beneficial to an advanced reusable nuclear
stage, applicable to both lunar and manned Mars missions, include the

SD 71-466-7
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Years

Tasks

PHASE D

Analysis of Al, Alloys Under Cyclic Loading
Internal Thermodynamic Analysis

LHy Destratification

Oy/Hgy RCS Design

Navigation Accuracy Requirements‘ Definition
Guidance Equations Development

Single Multi-Processor Definition

Astrionic Software Design Definition

Radiation Analysis Techniques Development

Meteoroid Protection Definition

Flutter Analysis

Advanced Materials Application

Materials & Components Radiation Effect

High Performance Insulation Development

LH2 Control Transfer & Gauging

LH92 Reliquefaction

Space Fabrication, Assembly, Testing & Refurbishmer

(s

Incipient Failure Detection

In-Space Maintenance Operations

Computer-Aided Space Transportation Model

Flgure 5-2. Supporting Research and Technology Program Schedule
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development of boron-epoxy for application to major structural components.
Also, a continuing improvement on high performance insulation, taking into
consideration ease of manufacturing, installation, inspection and repair,
would be beneficial to both programs. Additionally, developments in space
fabrication, assembly, testing, and refurbishment could be of a significant
benefit to all future space systems.

LH2 reliquefaction (partial or total) has not shown to improve
significantly the payload performance of the RNS for the reference lunar
mission. On the other hand, it shows large payload performance gains
for missions of extended dyration, such as manned Mars exploration, and
is therefore scheduled in that context.

TEST DEVELOPMENT PROGRAM

The test development program is divided into four major categories:
Subsystem tests
Cold flow tests

Hot tests
Flight tests

B W DNV e

This section presents the schedules of each of the test programs
which are discussed in detail in Volume III, Section 2. 0.

Subsystem Test Schedule

The anticipated long life of the reusable nuclear stage (RNS) dictates
the selection of proven materials, components, and development techniques
to effect the program mission with high confidence level. The primary
testing requirement is to integrate and optimize the equipment and software.
This will be accomplished by an extensive subsystem test development
program. Figure 5-3 is a typical schedule showing the major subsystems
and their related time phasing.

Cold Flow and Hot Test Schedules

Detailed analysis of the cold and hot test programs are discussed in
Volume III, Section 2.0. However, this section presents a summary of
the overall baseline configuration schedule required to accomplish the
cold flow and hot test programs.

5-6
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Il . f.
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Control
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Management
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Computer
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Docking
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L

Power Distribution

Breadboard \A‘
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Power Control
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Subsystem
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/ Lab Test

Component
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t Component & Subsystem
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Simulator Testing
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Component
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Assembly
/lnfegrcxﬂon Testing

1

\ Integrated Testing

System Spec —mmmmmd>

Component
integration

Component

Development ey

Component
Validation

Verification Testing on EDS

Component Development

RCS Breadbodrd-emmise

Cryo Storage Breadboard

Subsystem Development Test e ap

Prototype Testing—p

Engineering Demonstration Subsystem—gal

™ Qualification Complete

Qualification

l Component Development

Engineering Demonstration ags|

Qualification Complete

Figure 5-3. Subsystem Test Program
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Cold Flow Test Schedule

The cold flow test article configured with prototype flight hardware
will be utilized during the cold flow development program. The test
program includes no special simulation of propellant heating phenomena.
Propellant heat transfer only to the extent of that occurring under extended

duration exposure to ambient environment will be considered during cold
flow testing.

The cold flow test program consists of five phases:
Facility and tank activation and tanking
Tanking and low propellant feed tests
Tanking and propellant feed tests to full rated flow
Integrated propulsion and system testing
Operational and modification support

Phases 1, 2 and 3 will be conducted under support equipment manual
control mode. Phases 4 and 5 will be conducted utilizing support equipment
automatic checkout capability.

The cold flow test schedule which is estimated to last approximately
nine months is shown in Figure 5-4. The cold flow test program will
provide:

Early verification of the design, manufacturing process,
test procedures, and performance of the prototype
systems under cryogenic environment.

Confidence in hot testing operations at NRDS through
cold flow test operations.

Confidence and verification of propellant transfer procedures
and techniques.

Develop operational and emergency procedures.

Train test team personnel prior to involvement with
hot testing program.

Hot Test Schedule

At the completion of the cold flow test program, the cold flow test
article will be utilized for the hot test program. Figure 5-5 depicts the
hot test schedule which is estimated to run approximately two years.
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The hot test program, as envisioned, will yield data that will allow
evaluation and verification of the integrated RNS tank design interfaced
with NERVA engine. For example, a typical full-power full-duration test
series is outlined in Item 8 (Figure 5-5).

The mission flight profile cannot be simulated completely because of
extensive facility requirements associated with the vacuum environment.
Emphasis will be placed on simulation of the engine burn and subsequent
cool-down portion of the cycle. This will afford means of evaluating the
effect of the operational mission cycle on the various subsystems, i.e.,
propellant feed and GN&C. ,

At present, it is estimated that two simulated mission flight cycles
will adequately verify the design performance. Each test cycle will last
approximately six days. This is the time required for a complete cycle
of the RNS from the time it leaves earth orbit, goes to the moon, and
returns to earth orbit.

Flight Test Schedule

The flight test schedule is presented in Figure 5-6. The test will be
initiated with the launch of RNS-TA-3, which is fully configured and
instrumented, to obtain all the required flight test data. The basic
objective is to demonstrate the flight worthiness and operational capability
of the vehicle as a shuttle vehicle. Detailed discussion of the flight test
program is presented in Volume III, Section 2.0.

Manufacturing Schedules

The manufacturing schedules are presented in three figures.
Figure 5-7 represents an overall schedule for the manufacture of the
required RNS tanks. Figures 5-8 and 5-9 represent the sequence of events
and the flow time for the production of the structural test article and the
cold flow/hot test article, respectively. The schedules are based on
similar operations experienced during S-II program, and follow the
manufacturing technique discussed in detail in Volume III, Section 3.0.
The manufacturing schedule has been developed to make maximum
utilization of existing facilities, tooling, and technical skills.

Integrated Facilities Schedule

The integrated facilities schedule shown in Figure 5-10 represents
the time phasing of the major facilities required in support of the RNS
program. The major facilities considered are: (1) manufacturing, (2) cold
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flow/hot test, (3) dynamic test, and (4) operational (KSC). Although the
modification requirements for the dynamic test facility is yet to be
determined (TBD), it is included only to show its utilization date. The
preparation of criteria, design, construction, and activation period of
all facilities are based on the start of their utilization period. Detailed
description of the facilities is discussed in Volume III, Section 4. 0.

Program Operations

Schedules 5-11 through 5-20 are presented for the program operations.
These operations commenge with the assembly and checkout in the vertical
assembly building (VAB) at KSC, proceeding through launch vehicle
build-up and RNS mating with INT-21, pad checkout operations, RNS
orbital assembly, turnaround operations, and lunar and synchronous orbit
flight operations.

Figure 5-21 represents the production/operations schedule for the
baseline RNS program. The schedule was developed employing the
following ground rules: (1) fabrication of one RNS plus one S-II per year,
(2) ten-year operational program, (3) requirement for six flight stages
(baseline), and (4) ten flights per stage, evenly spaced. The schedule
shows the time periods required for each stage covering production and
checkout, storage, and flight operations. It is evident that storage times
for the RNS tank can be quite lengthy. RNS tank storage requirements are
discussed in Volume III, Section 2.0,

5-16
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Figure 5-8 RNS Structural Test Article Manufacturing Schedule
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6.0 LOGIC NETWORK

An essential element of an effective program management or control
is a clear and understandable breakdown of the required tasks, their
sequence, and interfaces. Figure 6-1 is a functional block diagram
presented in a logic network form which visually portrays the basic tasks
to be performed, the sequence in which they are performed, and their
interfaces with other functions. The logic network is program phase~oriented
and can be used as a baseline for developing schedules and work plan tasks.
Administrative steps involved in each related task are not included, since
the purpose of this logic network is to show the basic operations which are
not influenced by organizational considerations.

The reusable nuclear shuttle (RNS) program logic network complements
the descriptions contained in the technical sections of the study. The
required data including the principal tasks and their interfaces are described
and discussed as part of the system engineering process. Construction of
the logic network is organized in a block diagram form for effective
presentation of the planned tasks and functions of Phases B, C and D.
References 1, 2, 3 and 4 were used in the preparation of this logic network.
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