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FOREWORD

This document is part of the final report for the Operationally Efficient Propulsion System
Study (OEPSS) conducted by Rocketdyne Division, Rockwell International for the AFSSD/NASA
ALS Program. The study was conducted under NASA contract NAS10-11568 and the NASA Study
Manager is Mr. R. E. Rhodes. The period of study was from 24 April 1989 to 24 April 1990.

ABSTRACT

This study was initiated to identify operations problems and cost drivers for current propulsion
systems and to identify technology and design approaches to increase the operational efficiency and
reduce operations cost for future propulsion systems. To provide readily useable data for the ALS
program, the results of the OEPSS study have been organized into a series of OEPSS data books as
follows: Volume I, Generic Ground Operations Data; Volume II, Ground Operations Problems;
Volume III, Operations Technology; and Volume IV, OEPSS Design Concepts.

RI/RD90-149-1
iii



ACKNOWLEDGMENT

The author wishes to express sincere thanks to Kennedy Space Center (KSC) Lockheed Space
Operations Company personnel for providing the source of data used to derive the OEPSS generic
vehicle processing operations contained in this volume. The assistance was provided in a quick,
friendly, and professional manner. Even though much of the data was noted as not fullymature and in
early stages of development, this OEPSS volume benefited immensely from its availability.

Special thanksis extended to Mr. Pat Scott, Manager, Liquid Rocket Booster Integration Study
and Ms. Sue Scobby, Manager, Special Projects, for providing access to the data, and to Messrs. Lee
Coppit, Jim Keathy, Russ Pierce, John Poppa, Mike Steffanovic, and others, who made time to work
up special data requests and took time to handcarry the raw data for the author’s timely use.

RI/RD90-149-1
v



CONTENTS

1.0 -INTRODUCTION o5 son 50505 505 ao5as somddlasfii b sis vonsgaes som sieh deass oo
L BaCEIROUND ..o anewensastidbhie b sl M eafe s W domes il

2.0

3.0

4.0

5.0

6.0

2 THEREQUIREMENT . causises seinss sonamuss supae ads dow wan e diaes
1.3 THE GENERIC VEHICLE — A DESIGNER’S DATABASE ............
1.4 PROCESS DURATIONS AND MANPOWER .....c.cciciivenennnnnnnns
OEPSS GENERIC LAUNCH VEHICLE DESCRIPTION ..........ccc00enn.
2.1 GENERIC BASELINE VEHICLE PROPULSION SYSTEM .............
2.2 GENERIC GROUND OPERATIONS REQUIREMENTS ...............

GENERIC BOOSTER GROUND OPERATIONS

(EXPENDABLE LO2/LH2 STAGE) . i:cs06005 siovusa s ssaose woie ssvmminis siae sivie s
3.1 ACRONYMS AND ABBREVIATIONS .....cccieeeeveerviccascacanns
3.2 LRBINTEGRATION DATABASE ......cciiiuiiiiiinninnennnnnnnnnn
33 LEOADED TIMELINES o weosws smvsoss e spvds-em sa s wes s i
34 SKILL MIX . o co voe visainis minsimie siae ariss sismmio s siniea s sssis s e oas o.8/6 iags 47e
3.5 LRBPROCESSING MANPOWER. .. .ou coem swsasams sosamsvns i siom e
30 'STYWBS MANHOURS: ; iosauaoiening sames somse i@ sepesios 56 oo 7
3.1 JLRBACTIVITIES BARCHARE . ... o s svinion o nmmniemasovion sere s
2.8 LRBTECHNICIAN MANPOWER: . ;icycwmo snsps sum e oo awia o
3.9 LRB HEADCOUNT BY LOCATION ANDOMI ...........covvvunnnnnn
3:10 GENERIC LRB PROCESS FLOW .. iav suiiioin ewwies sz 6an st sise o0 w005 a1

GENERIC CORE VEHICLE GROUND OPERATIONS

(RECOVERABLE LO2/LH2 PROPULSION SYSTEMS) ..........ccoviinnnn.
4.1 ACRONYMS AND ABBREVIATTIONS “. oo dioe sn s wios sz wme son woie so
42 TORTOGIC DIAGRAM ':osai ot saas s sen avais 5o s dee sieis s 5
&3 RESOURCE DY ACEIVEIY® (5 o ciainn swioms S sismats sabs sewmsbinee s 56
4.4 PROCESSING CRITICAL PATH TASKS AND DURATION .............

GENERIC ORBIT VEHICLE GROUND OPERATIONS—

RECOVERABLE STAGE WITH HYPERGOLIC PROPULSION SYSTEMS ....
5.1 ACRONYMS AND ABBREVIATIONS ............. ¢ oes st e e ok o
52 TOPEOGICERAGRAMI L i o0 b0l Gal i b bl abl Bl chisassimaiings ol
53 RESOURCE BY ACTIVITY' .. .l Rl EeBledl dowth b v sviswandia e vad 5
5.4 PROCESSING CRITICAL PATH TASKS AND DURATION .............
GENERIC CORE TANK GROUND OPERATIONS ......cccvoevinnieianinnas
6.1 ACRONYMS AND ABBREVIATIONS ::cicisoioosesass sussonsssess
6.2 TOGICDIAGRAM .. oo scomes wov'dsnbn enlos dvseliome sl omae iz oo es
6.3 PROCESSING ACTIVITIES, DURATION AND MANPOWER ..........
6.4 RESOURCE BY ACTIVITY ......ciiitiiinninnicnnsnnennecanannnns
6.5 PROCESSING CRITICAL PATH TASKS AND DURATION .............

vii
RI/RD90-149-1



7.0

8.0

9.0

CONTENTS

GENERIC CORE PROPULSION STACKING . .....oviiiiiineeniinaennnnn.
7.1 ACRONYMS AND ABBREVIATIONS ..o cuiwessessoissesitesesstisasos
T2 1O0GIC DIAGRAM . ...« soeisisnmae sion woeimms smmem oo sitesrneiblodh bt ci oiddd
7.3 PROCESSING ACTIVITIES, DURATION AND MANPOWER ...........
4 RESGURCE BY ACTIVITY. : I G Sl S o v b S Lol a8
7.5 PROCESSING CRITICAL PATH TASKS AND DURATION ..............
GENERIC CORE TANK ERECT ANDMBTE .. iiconiosin din aopimesio st sbe
8.1 ACRONYMS AND'ABBREVIATTIONS ... cauhs vodomionobisiismes dibh Lt
82 LOGIC DIAGRAM . s s sidv/s s spvie i s vtails s dbancodhs seve
8.3 PROCESSING ACTIVITIES, DURATION AND MANPOWER ...........
84 RESOURCE BY NCTIVITY susvasasvis asvios asan 58 vhiss das oda aas ms
8.5 PROCESSING CRITICAL PATH TASKS AND DURATION ..............
GENERIC ORBIT'VEHICLE LIFT ANDMATE. ... .ccuv con seosen sos vi arenersia
9.1 ACRONYMS AND ABBREVIATTONS ..o caisvs sis sioisos siais siess sousnc e
9.2 LENGIC DIAGRANM. . e s oo wammn svaie sombms G60miese 6o fiomk sne s 4
9.3 PROCESSING ACTIVITIES, DURATION, AND MANPOWER ..........
94 RESOURCE BY ACTINVITY. .on cumen s sepommamesn smms=opaie s oo fo
9.5 PROCESSING CRITICAL PATH TASKS AND DURATION ..............

10.0 VEHICLE ROLLOUTTOPAD ANDLAUNCH ........cciiiiiiininnnnnnnn.

10.1 ACRONYMS AND ABBREVIATIONS ... v oo v cwvnce v wok sisieos sis
102 LOGIC DIAGRAM ; . ionsnvanssios eales cnfss s genevsion &onss e
10.3 PROCESSING ACTIVITIES, DURATION, AND MANPOWER ..........
10:4 RESOURCES BY ACTIVITY i sonis o sisoon oo sompsiass vion dos sejsmiesan
10.5 PROCESSING CRITICAL PATH TASKS AND DURATION ..............

11:0.24-HOUR SCRUB TURNAROUND ;s i« o5 sauis avwssmes oo e v sow e visisieis

1-1.
1-2.
1-3.

11.1 ACRONYMS AND ABBREVIATIONS ........cciiiiiniirinnnnnninnn.
112 LOGIC DIAGRAM ..o o & 0o sl R i dd Sl Howlvad ot ol i 5T
11.3 TOTAL SCHEDULE BY OFFICE OF PRIMARY RESPONSIBILITY .....
11.4 24-HOUR SCRUB TURNAROUND TOTAL ACTIVITY SCHEDULE ....
11.5 PREDECESSOR/SUCCESSOR REPORT .. .cc.ccosassiniee snanss e

TABLES

STS Integrated Vehicle Servicing — KSC/VAB ........ ..o i,
STS Vehicle Test and Launch Operations — KSC/Launch Pad ................
SPC Skill Mix (October 1987) . i vensmmen swwun waebanid Sontoning s b siold 3@riss
1.RB Processing ManlOathing .+ 6oz sesas s senlided Soaiibnendidions saits

viii
RI/RD90-149-1



3-2.
3-3.
3-4.
3-5.
3-6.
3-7.
3-9.

3-10.
3-11.
3-12.
3-13.

5-4.
5-5.
5-6.

5-17.

5-8.

5-9.

6-1.
6-2.
6-3.

SUPPIEMEntary Data . o oy 0 v00 pioio e ses Ed00ables sonns iy osainesss s siossssis
SRB Processirig Manhours (WBS 1.1.2.1) i swa i sie svis e sisis oas swimainess o
Integrated Vehicle Servicing — VAB(WBS 1.1.4.1) .........civiiiiinnnnn...
Vehicle Test and Launch Operations — PAD (WBS 1.1.4.2) ..................
LRB Mechanical Technician Manhours ........ccceeeveeetnnnncccenacceess
LRB Electrical Technician ManBOUES; . -« < oec wowiin von saimsnan sos s svie s
LRB TPS Technician ManBOUES . i« cwaessins dsisjes swiesiesian s s elsléie s o7e
LRB Engine Technician ManROULS .:. ¢ o:s-eioein saimime e saioioe sioiseisio s oloioie sas aie
LRB Skill Mix by PEICENtABE o o co oo o s avasioe siaisivie sos diasias as's sia'a als sios siaie s o
LRB Headcount - Horizontal Processing Facility ...................oooou...
LRB Headcount - Vertical Assembly Building ................ ... it
LRB Headcount — Launch PAO .....cuseevvtvmaedonsseiios ses i diosos son oo
OEPSS Generic Core Vehicle Engine System Processing .....................
OEPSS Generic Core Vehicle MPS Processing . ............cooiiiuiienn.n..
OEPSS Generic Core Vehicle Hydraulics and APU Processing ................
OEPSS Generic Core Vehicle Electrical Systems Processing ..................
OEPSS Generic Core Vehicle Thermal Control System Processing .............
OEPSS Generic'Core Vehicle — Skill Codes «.icae i viwion snis swimaaiai vas oo
Resource by Activity (SKill MiX) ......coiiiiiniiniiiieienneennnennnennennn
OEPSS Generic Core Vehicle Process Critical Path .........................

OEPSS Generic Orbit Vehicle Propulsion Systems Processing
Duration and ManpOWET ... .......ueeeneeenssunseoneonnansessenaannanns

OEPSS Generic Orbit Vehicle Electrical Systems Processing
DUration and MaipowWeE . ouiew s v s site 85 @ s e ek sum@seses o

OEPSS Generic Orbit Vehicle Active Thermal Control System Processing
Paration:ant NERMIPOWEE «sveww v wasmsmmm s sywsssmsn Rayleeibsiolke

OEPSS Generic Orbit Vehicle — Skill Codes : i vovivs vonsmnne s vios sos siasis
Resouree: by Activity CSKlL VR . o oo b TS0 L it svoBtalbsminse Srovbennrn, Srerbiatorbin

OEPSS Generic Orbit Vehicle Ground Processing
Overall Critical Path Tasks and Duration ........... 56, SN AR G BEE PR BRI

OEPSS Generic Orbit Vehicle Ground Processing
Propulsion Systems Crtical Path . . c.occa s van sumea s smmemwen was suve saes

OEPSS Generic Orbit Vehicle Ground Processing
Electrical Systems Critical Path . ............. ..ot RSN A

OEPSS Generic Orbit Vehicle Ground Processing
Active Thermal Control Systems Critical Path ...............cccoiiiiiiin.

Generic Core Tank Processing Activities, Duration and Manpower .............
Resource by Activity (SKill MiX) .« oo 5o e s wio s sowane vars sibiuraiowias el sos s
Generic Core Tank Ground Processing — Skill Codes .......................

X
RI/RD90-149-1



6-4.

7-2.
7-3.

8-1.

8-2.
8-3.
8-4.
9-1.
9-2.
9-3.
9-4.

10-1.

10-2.
10-3.
10-4.
11-1.

TABLES

Generic Core Tank Ground Processing

Critical Path: Tasks and DULaon: . « ceews v swr ssomwie i s ome snie vasese s pie
OEPSS Generic Core Propulsion Stacking Activities,

Duration and MAnDOWET e s s s veses bainsa das Sans : iien TRl el meo B
Resource by Activity (SKill MiX) ......oouiiiiiiiniiiiiiiiieiinnanennnnn
OEPSS Generic Core Propulsion Stacking — Skill Codes ....................
OEPSS Generic Core Propulsion Stacking Critical Path Tasks and Duration ... ..

OEPSS Generic Core Tank Erect and Mate Processing Activities,
Duration and MANPOWEE o cuw ssmn v o vomiss dibes sis srenss st sl gaeiss

Resource by Activity (SKill MiX) «ceis s oo s s oiens vuasnsios e ans et wme e
Generic Core Tank Ground Processing — Skill Codes ............ccoviiunn..
Generic Core Tank Erect and Mate Critical Path Tasks and Duration...........
Processing Activities, Duration, and Manpower .. ............ccoviiiinnnnn.n.
Resource by Activity (SKIll MiX) ....oviiiiniiiiiii ittt i it ieeneanann
OEPSS Generic Orbit Vehicle Lift and Mate — Skill Codes ..................
Generic Orbit Vehicle Lift and Mate Critical Path Tasks and Duration..........

OEPSS Generic Launch Vehicle Propulsion Systems Processing Activities,
Duration and Manpower for Vehicle Rollout to Pad and Launch ..............

OEPSS Vehicle Rollout to Pad and Launch — Skill Codes ...................
Resource by Activity (SKill MiX) .......ciiiiiiiiniiiiiiiiiiiiienennnn.
Rollout to Pad and Launch Processing Critical Path Tasks and Duration ........
24-h Scrub Turnaround Predecessor-Successor Report ......................

FIGURES

Propulsion Systeni Development PrOCSS j«i. o s sisiesia gio s siasrara sivn aiainaiits asruts
Launch-SHe SYSIeMmIS . ....c... v o0 v08 506015 Sn0e0 5emecieR TomODERICER Vol 510008
Launch Operations SUpport SEUCIULE . il culoes Koo soias st dssleiin sttt sarons’s
The Operational Problem — Lessons Learned .......c.coiiveviiviiossusnanas
OEPSS Generic Launch ' Vehicle . . 1.0 - 00058 dotlibd @ s st s bt 5o n ki aerbiis
Launch Operational REQUITEMENTS .. v.c vos wniain nlsas vine diain sesidle v s o oot
Geneéric Vehicle Ground ProCessing « .« « o «ceies s se s sossasiin sos sowvesse
Generic LRB Process FIow . ......oiiiiiiiiiiiiiiiii ittt
LRB Processing Manloading (51 Day Flow) ................................
BHIECWOLE . .conims oioin mininimn simiminss svsimbizonsin S5 i b oot B B AES & 8iRasseus s
Techaical Sl MUX .. oo sumion sowswibiie aulbimh T S5 0 b v sbos &l s Dl
LRB Activities Barehart . dassn vdusn 5 wasive s ssidaheson sisisitie oo comes
Generic LRB Process FIOW .......oiiiiiiiiiiiiiiiiiiiiiiiiineinnnennnnn
OEPSS Generic Core Vehicle Top Logic Diagram ................covvuiinn..

X

RI/RD90-149-1



10-1.

11-1
11-1

11-2.
11-3.

FIGURES

OEPSS Generic Core Vehicle Engine System Logic Diagram ................. 4-5
OEPSS Generic Core Vehicle MPS Logic Diagram .............co0vveennn.. 4-7
OEPSS Generic Core Vehicle Hydraulics and APU Logic Diagram ............ 4-9
OEPSS Generic Core Vehicle Electrical System Logic Diagram ............... 4-11
OEPSS Generic Core Vehicle Thermal Control System Logic Diagram ......... 4-13
OEPSS Generic Orbit Vehicle Top Logic Diagram ...............ccooiiunnny 5-3
OEPSS Generic Orbit Vehicle Propulsion System Logic Diagram .............. 5-5
OEPSS Generic Orbit Vehicle Electrical System Logic Diagram ............... 5-6
OEPSS Generic Orbit Vehicle Active Thermal Control System Logic Diagram . .. 5-7
Generic Core Tank Logic DIGBIaM ..o oo e sowns amwis sivis s son sioiseamse e 6-3
Generic Core Propulsion Stacking Logic Diagram ..............ccoiiiiunn.. 7-3
Generic Core Tank Erect and Mate with Boosters Logic Diagram ............. 8-3
OEPSS Generic Orbit Vehicle Lift and Mate Logic Diagram ................. 9-3
OEPSS Generic Vehicle Rollout to Pad and Launch Logic Diagram ............ 10-3
(A) 24-Hour Scrub Turnaround Logic Diagram ................ccoovuin... 11-5
(B) 24-h Scrub Turnaround Logic Diagram ............c.coiuiiieunnnneennnn. 11-7
24-h Scrub Turnaround Total Schedule by Office of Primary Responsibility . . .. .. 11-21
24-h Scrub Turnaround Total Activity Schedule ................ ..., 11-24
xi

RI/RD90-149-1



1.0 INTRODUCTION
1.1 BACKGROUND

Traditionally launch vehicles have been designed with flight performance as the primary design
driver. This approach has produced outstanding accomplishments in space. However, this approach
does not take into consideration operational requirements needed to support the operation of the
launch vehicle and has resulted in very costly and inefficient ground checkout and launch activities.
Recent studies have clearly shown that the operational facilities, vehicle ground checkout, and
launch requirements are driven by vehicle design. Launch system life cycle cost evaluations also have
highlighted a need to emphasize ground operations during space vehicle conceptual design, if the
ultimate goal is to develop a routine and cost—effective space transportation system.

In general, space vehicle design has utilized a nonintegrated approach. For example, space pro-
pulsion systems have been developed in a manner which has separated the engines from the rest of
the propulsion systems. The tankage, pressurization, engine feed, and purge systems have been pro-
vided by one contractor while the engines were provided by another. The fluid subsystems have also
been designed separately. The installation of these elements into the vehicle has resulted in many
compromises which directly influence vehicle performance and ground operations. This noninte-
grated, independent approach to propulsion and fluid systems design adds complexity and additional
components with associated weight and processing time penalties. These inefficiencies can be signifi-
cantly reduced if the engines and fluid systems are integrated with each other and into the overall
vehicle design.

Figure 1-1 graphically portrays the traditional process of propulsion system development: a
serial process with launch operations involvement occurring last, at the bottom of the totem pole.
The OEPSS is dedicated to the interactive process shown, where all elements interact from the be-
ginning. This interactive process is equivalent to the Total Quality Management (TQM) concept
wherein, like quality, operational requirements start with the design and are not an afterthought.

1.2 THE REQUIREMENT

The pressing need for TQM during propulsion development is further illustrated by portraying
the complex, interdependent functions necessary to support the launch site ground processing. Fig-
ure 1-2 shows the numerous functions necessary to support vehicle flight systems processing, provid-
ing insight to this complexity. Figure 1-3 further illustrates the great complexity associated with the
launch operations support structure.

Launch site experience has repeatedly and clearly shown that operations is a major cost driver
in the launch vehicle life cycle cost. Therefore, the lessons of complex and costly operational prob-
lems must be learned and corrected before a cost-effective launch vehicle and routine access to
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space can be achieved. Figure 1-4 presents the major problem areas where the development of oper-
ations criteria and systems requirements must be addressed in the vehicle design to provide:

e Low cost

e Simple systems

e Robust design

e High launch rate capability

e Greatly improved operability and maintainability (technician-level operations)

1.3 THE GENERIC VEHICLE — A DESIGNER’S DATA BASE

This volume fulfills one of the principal OEPSS study requirements. It provides significant
ground processing time and manpower data for a generic vehicle, using real contemporary related
information from systems possessing most of the genericsalient characteristics. This information and
format have the goal of allowing future systems designers to understand more easily the magnitude of
resources at the operations and maintenance instruction level necessary to process and initiate their
designs.

This volume, therefore, defines a conceptual generic baseline propulsion/fluid system configu-
ration which can be used as a reference in evaluating newly generated designs. Each of the nine data
chapters presents a similar collection of tabulations and charts that identify ground processing tasks
to the operating procedure level, task performance sequence/hierarchy (logic diagrams), manpower,
skill codes, skill mix, and critical path tasks with durations.

1.4 PROCESS DURATIONS AND MANPOWER

This volume also presents a large quantity of data which can be categorized generally as identi-
fication of processes, their durations, and manpower. Much of it has been derived from Shuttle Pro-
cessing Contractor (SPC) planning and scheduling systems; notably, the Computer Aided Planning
and Scheduling System (CAPSS). It is, therefore, generic, success-oriented scheduling data based on
experience. It is not “actuals” as the SPC does not require cost center data acquisition at the operat-
ing procedure or system level.

For this reason, it is worthwhile to note in Tables 1-1 and 1-2 the “scatter” of high-level pro-
cessing durations averaged over a number of pre-STS 51L launches. The objective here is to show
the historical variation to be expected in a nonproduction, nonroutine processing environment. Du-
rations can vary widely, even in the post-Challenger era.

Manpower is also a large data factor in this volume. In most cases, the skill mix data are for
technicians and on-site quality inspectors. To gain a better understanding of total vehicle processing
headcount and prime skill mix ratios, Table 1-3 lists that information circa 1987.

RI/RD90-149-1
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Headcount for FY 1990 has increased to about 7,400 attended by a slight shift in skill mix ratio

toward systems engineering and quality/safety functions. These data, of course, do not address pay-
load or base operations contracts and their headcount.

® Vehicle processing/launch preparation
® Systems not readily serviceable
® Too many people
® Too much time
® High cost

® Ground operations and support
® V\ehicle preparation

® Personnel evacuation
® Hypergols/ordnance

e Complex vehicle trail
® Multiple handling/hazardous rotation/high lifts

® Multiple, complex support facilities and GSE
e | arge operational and maintenance headcount
® |arge material investment

Figure 1-4. The Operational Problem — Lessons Learned

D600-0011/sls

RI/RD90-149-1
1-6



Table 1-1. STS Integrated Vehicle Table 1-2. STS Vehicle Test and

Servicing — KSC/VAB Launch Operations — KSC/
Launch Pad
Mission Manhours
Mission Manhours
ST-14 12,700
ST-17 1.500 ST-14 25,400
ST-19 2.800 ST-17 14,500
ST_20 2,100 ST-19 13,300
ST-23 2,000 i 5200
ST-24 3,000 S ety
ST_25 5.100 ST-24 19,200
ST_26 2,600 ST-25 22,800
ST_27 3300 ST-26 14,300
S0 4,400 ST-27 19,600
ST-30 2.100 ST-28 16,500
ST_31 2.400 ST-30 13,100
ST_32 3.700 ST-31 12,000
ST-33 3,200 S By
ST-33 20,200

Sample average: 3,636

Sample average: 15,943
D600-0011
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Table 1-3. SPC Skill Mix (October 1987)

Skills Headcount To
Management 526 9.2
Engineers (except Software and Test 1,281 22.5
Conductors)
Command, Control, Information 11.8
e Programmers, Software
Engineers, Computer Operators 378
e Planners/Schedulers 293
Flight Vehicle and Facilities (Crafts) 24.4
e Electrical/Electronic/
Communications 504
e Mechanical/TPS/Fabrication 832
e Logistics Storekeeper/ 57
Expediters/Drivers
Untabulated Administrative 32.1
o QA, Safety, Secretarial,
Analysts, Clerks, Security,
Business, Human Resources, etc. 1,828
5,699 100.0
D600-0011
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2.0 OEPSS GENERIC LAUNCH VEHICLE DESCRIPTION

This section defines the “generic launch vehicle” configuration baselined as a comparator for
developmental propulsion concepts. Figure 2-1 describes the generic propulsion system. The picto-
rial portion is not intended to imply a specific physical arrangement of the stages (tandem, piggyback,
parallel, etc.). It is important that the generic baseline truly represents today’s state—of-the-art de-
sign practices and ground operations to avoid bias in the evaluation of future concepts.

The generic vehicle has been conceived and modeled through ground processing to provide
designers of new concepts with a contemporary credible data base for comparison against those new
concepts. In most cases, the generic components use extracted KSC/shuttle ground processing data
not previously available at the operating procedure level. Tasks, durations, manpower, and interac-
tive sequence are directly indicative of the complex relationships between vehicle/systems configura-
tions and ground processing requirements established in accord with Operations Maintenance Re-
quirements and Specification Documents, safety, and reliability concerns.

2.1 GENERIC BASELINE VEHICLE PROPULSION SYSTEM

The baseline launch vehicle propulsion system consists of a recoverable orbit vehicle, partially
expendable core, and expendable boost vehicles. The orbit vehicle will have an orbit and attitude
adjustment system utilizing hypergolic propellants. The core vehicle will be similar to the shuttle
main propulsion system, using LO,/LLH;. The boost vehicle will also use LO,/LLH; as propellants.

The core and boost vehicles have several subsystems. The major subsystems are:

1. Fill and drain for loading propellants from a ground system. Separate fill and drain
systems will be required for each stage and will include self-sealing disconnects, fill/
drain valves, and propellant liquid level controls. In the baseline, the LO; tanks will
be forward of the-fuel tanks and will require an anti-geyser system, such as a
ground-supplied helium bubbling system.

2. Preconditioning system to precondition the main engines for start, utilizing recir-
culation pumps powered from a ground electrical system and/or bleed system, and
all required valves, including prevalves, for each engine.

3. Pressurization and venting systems, requiring a single vent/relief valve for each tank,
opened for propellant loading. For engine burn, pressurants supplied by the en-
gines, with flow control valves and/or orifices, will maintain tank pressures to supply
required net positive suction pressure (NPSP) at turbopump inlets.

4. Purging and pneumatics systems to provide on-board helium storage for valve
actuation and engine purging.

5. Hydraulic system for engine gimballing.

6. Main engine systems LO,/LLH, are turbopump-fed with limited throttle and single
start capabilities. Engines have augmented spark ignition. The engine system also
includes required supervisory avionics and hydraulic/pneumatic valve actuators.

RI/RD90-149-1
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Figure 2-1. OEPSS Generic Launch Vehicle



Figure 2-1 shows a generalized representation of the OEPSS generic vehicle. A derivative of
the shuttle (liquid boosters replacing the solids) provides the major input because data regarding its
influence on operations are more readily available (processing timelines, manpower, facilities, etc.)

2.2 GENERIC GROUND OPERATIONS REQUIREMENTS

For the generic baseline vehicle configuration and propulsion system, the operational require-
ments are established for various aspects of launch operations as depicted in Figure 2-2. The SPC
Computer Aided Planning and Scheduling System (CAPSS), KSC “Integrated Operations Assess-
ments,” KSC “Program Master Schedule” 11-day/72-hr schedules, Operations and Maintenance
Instructions (OMIs), and other documentation were used to establish flow timeline requirements,
associated manpower for test, checkout, and servicing. Prime facilities are also noted.

Development of launch site ground operations, tests, checkout, and servicing requirements are
restricted to propulsion systems. Figure 2-3 is a flow chart of a typical launch operation from receipt
of hardware to checkout of individual subsystems and the integrated vehicle, launch, and orbit ve-
hicle recovery. The sections in this volume describing the various launch operations are also noted in
Figure 2-3.

Following sections of this volume provide, in general:

1. Logic diagrams showing task-performance sequence and hierarchy

2. Operating procedure (OMI)-level activities lists with durations, headcount, and
skill mix

3. Critical path tasks lists with durations.

These data are provided in nine separate sections (3.0 through 11.0) for the generic vehicle
components ground processing.

D600-0011/sls
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Figure 2-2. Launch Operational Requirements
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3.0 GENERIC BOOSTER GROUND OPERATIONS
(EXPENDABLE LO,/LH, STAGE)

The generic baseline booster is a LO,/LH; expendable stage. Data presented herein for its
ground processing are extracted from the Liquid Rocket Booster (LRB) Integration Study conducted
by LSOC to assess KSC impact resulting from the theoretical phase-in of LRBs in the shuttle pro-
gram. The data are quite comprehensive and selected to provide designers with processing insight
into a generic liquid propellant booster. The format is somewhat different from subsequent sections,
but similar in scope and data content relative to OMI-level schedules, durations, headcount, and
skill mix.

These LRB data possess one significant variation from the OEPSS generic booster configura-
tion. The LRB uses electromechanical actuators rather than the hydraulic system specified for the
OEPSS baseline. However, the LRB study conclusion, detailed in this section, reveals a small differ-
ence in headcount or processing schedule; only a well-described variation in skill mix. The OEPSS
treatment of this section is to present it “as-is.” Data are adequate for designers to edit and manipu-
late freely to assess their own designs, EMA or hydraulic.

The impact of hydraulic systems on ground operations is presented in OEPSS Concern 2 in
Volume 2 of this study. As an example, during the period from October 10, 1988 through March 14,
1989, processing for mission STS-29R, (orbiter Discovery) basic hydraulics procedures were official-
ly opened for a variety of significant support operations 199 times. Hydraulics systems were run at
least 45 times with a total run time exceeding 150 h. The impact of hydraulics is an all pervasive and
encroaching handicap to ground operations.

The following is a list of topics covered in this section to acquaint users with the scope of data on
their potential use.

e 3.1 Acronyms and Abbreviations
e 3.2 KSC/LRB Integration Study — database

e 3.3 Loaded Timelines — ground rules for time line and manpower development in-
cluding generalized skill mixes

e 3.4 Skill Mixes — detail skill mixes and shift assignments
e 3.5 LRB Processing Manpower — resultant manloading for LRB

e 3.6 STS WBS Manhours (Reference) — historical manhour variation for ground pro-
cessing by prime WBS, i.e., SRB, VAB, and pad processing

e 3.7 LRB Activities Barchart — task list and waterfall schedules
e 3.8 LRB Technician Manpower — detail manhours by skill and OMI

e 3.9 LRB Headcount by Location and OMI — detail headcount by OMI and facility
location
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e 3.10 Generic LRB Process Flow — a major summary barchart of LRB activities from
barge delivery to launch

3.1 ACRONYMS AND ABBREVIATIONS
A/B airborne

ARTEMIS  Accounting, Reporting, Tracking, and Evaluation Management Information System
ASSY assembly

BAO Boeing Aerospace Operations (KSC)
BOC base operations contractor
CDDT countdown demonstration test
C/O closeout; checkout

CPM critical path method

CS Civil Service

ECS Environmental Control System
EG&G KSC base operations contractor
ELV expendable launch vehicle

ES Electrical System

ET external tank

FAC facility

F&B fill and bleed

F&D fill and drain

FIT flight

FY fiscal year

GN; gaseous nitrogen

GN&C guidance, navigation, and control
GOX gaseous oxygen

GRD ground, also GND

GSE | ground support equipment

GTSI Grumman Technical Services, Inc.
Hj hydrogen

HDP holddown post

He helium

HPF Horizontal Processing Facility
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HYPER
I/F

ILC
INST
INTEG
10C
KSC

LN,
LO;
LPS
LRB
LRU
LSOC
mh
MLP
MP
MTI

NASA
NASP
NDE
NDT
NF
O&M
OEPSS
OMI
OMRSD
OPS
ORB
PAWS
PMN

hypergolic

interface

initial launch capability
instrumentation

integration, also INT

initial operational capability

Kennedy Space Center

liquid hydrogen

liquid nitrogen

liquid oxygen, also LOX

launch processing system

liquid rocket booster

line replaceable unit

Lockheed Space Operations Company
manhours

mobile launch platform

manpower, also MHRS
Morton-Thiokol, Inc.

nitrogen

National Aeronautics and Space Administration
National Aerospace Plane
nondestructive evaluation
nondestructive test

nose fairing

operations and maintenance
Operationally Efficient Propulsion System Study
operations and maintenance instruction
Operations Maintenance Requirements and Specifications Document
operations

orbiter

Pan Am World Services, Inc.

program model number
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PP&C program planning and control

PR problem report

PRESS pressurization

PROP propellant

P&W Pratt and Whitney Aircraft

PWR power

PWO program work order

QA quality assurance

QC quality control

QD quick disconnect

RIC Rockwell International Corporation
RPSF Rotation, Processing, and Surge Facility
RSS Rotating Service Structure

SCAPE self-contained atmospheric protective ensemble
SEG segment

SEP separation

SGOE/T Shuttle Ground Operations Efficiencies/Technologies Study
SPC shuttle processing contract(or)

SPDMS Shuttle Processing Data Management System

SRB solid rocket booster

SRM solid rocket motor

SRSS Shuttle Range Safety System
SR&QA safety, reliability, and quality assurance
SSv space shuttle vehicle

STD standard

STS Space Transportation System
T&C/O test and checkout

T-O liftoff time

TLM telemetry

TOPS technical operating procedures
TPS Thermal Protection System
TSM tail service mast
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TVC thrust vector control

UMB umbilical

USAF United States Air Force

VAB Vertical Assembly Building
WAD work authorization document
WBS work breakdown structure

3.2 LRB INTEGRATION DATA BASE

Input data for this section were developed for LSOC-KSC. The ratios of support technicians
for the orbiter were used because of the multiple liquid engines and associated control mechanisms.
These ratios were further adjusted to reflect the differences in complexity between the LRB and the
orbiter.!

Manpower estimates? are based on the concept that technicians will be stationed and do not
move with the booster during the flow process. Initial staffing would not have to be as high as fully
operational staffing because of the low relative launch rate. There would be a ramp-up over 5 years
beginning with start-up. Thus far the discussion has centered on the required number of hands-on
technicians required to support the booster flow.

Manpower requirements are based only on scheduled routine tasks. There is no allocation for
requirements generated by nonroutine work. Best estimates based on other LRB/ET technology
place this at 20% of scheduled tasks.

Fourteen flows representing a relatively stable period or work history were selected as a
baseline, during a time when the launch rate had reached 10 per calendar year. This isa good approx-
imation of a rate of 14 per year as projected for a fully operational LRB system. The time in each
facility adds up to a total processing time of 58 days (51 work days) as shown in Figure 3-1. The
critical path driver is MLLP/VAB/Pad availability. Time at the Horizontal Processing Facility was
maximized to allow smoothing of high manpower peaks, but was limited to 18 days by the maximum
flow rate of 14 per year. Original LRB ARTEMIS manning projections were based on a steady flow
with perfect leveling. Once the required number of hands-on technicians was established, based on
the assumption that the SPC contractor would process the LRB, current ratios of support-to-techni-
cian that exist today were applied to establish support requirements (see Figure 3-2).

The number of technicians and support personnel required for ILC would not be as large as
that required for IOC. A smaller number (50%) would be sufficient for the first year. This is possible

IReference: LSOC LRB Integration Study; Contract NAS10-11475, Volume V of V, Section 6,
Final Report, Phase 1, November 1988.

“Reference: LSOC LRB Integration Study, Contract NAS10-11475, Volume III of V, Section 6,
Final Report, Phase I, November 1988.
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Figure 3-1. Generic LRB Process Flow

because the processing time has been increased to accommodate the start-up learning curves and
initially lower launch rate.

3.3 LOADED TIMELINES

The baseline generic flow did not attempt to look at peak loading of time for facility flow con-
straints. It used a fully averaged number based on total flow period, i.e.,

e Flow manhours 26,110/flow time (51 days x 8 hr) = 64 technicians.

A second approach was made using manhours versus time in facility flow constraints with aver-
aged headcount.

e HPF manhours 11,066/days available (18 x 8 hr) = 77 technicians
e VAB manhours 5,336/days available (20 x 8 hr) = 33 technicians
e PAD manhours 9,708/days available (20 x 8 hr) = 61 technicians.

The assumption has been made that shifts will vary by location — in some part driven by the
critical nature of the operation. Figure 3-3 illustrates the number of shifts and days worked at each
location. The VAB is the only facility where three shifts — 7 days a week — are forecast from day one
of the program. No attempt has been made to determine manning by shift. This is a very complex
problem and will require a knowledge of technical work document content before such details can be
credibly approached. This information is dependent on LRB final design characteristics.

3.4 SKILL MIX

Figure 3-4 shows the skill relationships predicted for the LRB. The LRB skill mix was based on
an examination of predicted work tasks in the ARTEMIS projection used for the baseline.

RI/RD90-149-1
3-6



Skill Mix Rat