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SUMMARY

The purpose of this paper is to examine convertibility in "the
MOL program; conve,rt;,ibility being defined as thg capability to change
any given flight from the manned mode to the unmanned configuration,
or vice versa. The discussion addresses conversion in both the seven-
flight baseline piogra.m‘a.nd in any follow-on “oyerationai" progrem. The
analysis determines the p;arspective :Ln which conversion is to be treated,
and postulates several vfactors motivating the decision-maker to make a
conversion. These factors are categorized as political, vulnerability,
technical difficulties and biomedical.
. Conversion of the flight mode can be accomplished either by modi- -
~ zication or substitution of hardware. The cost, time and technical
ramificstions of converting through either method rélate to each other,
and to the reason fb:_c coﬁverting, in & decision probiem that can be
‘quantified and predicted to a fairly high confidence level.
The detailed ana.lygis of conversion options shows that the differences
between the manned and unmanned versioné of thé MOL vehicle are the use
of either a Gemini B'c_g:;?sulebr’the Automatic Support Module, in certain
installed équipmgnt in" the Laboratory Module, end in certain minor Titan ITIM
features. The M:Lssmn Module is identicel in either case. Four options
for conversion are: . | '

- Early Conversion. Accomplished prior to Leb Module

Assenbly. M;st be initiated at least 14 months before
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scheduled 1auﬁch (no launch delay). Requires Lab Module
components and both Gemini B and Automatic Support

Module availability. The cost-of a conversion capability
for flight 6'qr 7 is $20.5M above baseliné. Long
decision lead time is the major disadvantage.
Modifiéation. Could be accomplished on tab Module up

to 5% moﬁths’before launch Wigh no launch delay. Requires
alternate Géﬁini B/Automatic Support Module availability.
The Lab Module must be fabricated in the manned configu~

ration; modification to the unmanned configuration

requires extensive overtime and shortened tests wherever

possible. The baseline cost increment for flight 6 or 7
conversion capability is $54.3M. The‘cost of launching -
flight 6 or 7 in the ummanned configuration is $35.8M
above baseline.

Substitution. Could be accomplished up to 5% months

‘before launch with no launch delay if Gemini B/Lab Module

combination is substituted. If Gemini B/Lab Module/Mission
Module‘combination is substituted, change can be made as
close as’50 days before launch with no launch delay;
however, this coﬁbination is not féasible for flights 6

and 7 because of mission payload production rate restrictionm.

"Cost of‘fifét‘variation for flight 6 or 7 is $68.5M above baseiiné.

Dual Countdown. By using second launch pad and counting

down two vehicles (one manned, one ummanned), conversion
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could be accoﬁplished up to just before liftoff.

However, not feasible for flight 6 or 7 because additional
mission payloads cannot be produced., Cost for such a
capability for follow-on flights is $235.7M.

The early conversion'option is not recommended due to the long
decision lead time requiredv(miﬁimum 14 months). The dual countdown
method is not feasible‘fér flights 6 and 7, For fsiIOW*on flights,'
the high cost makes this option unattractive. The Gemini B/Lab Module
substitution option ;s»selected as most advantageous because of less
teéhnical impact, less noﬁrecoverable costs and more decision
flexibility. o
A Recémmendations are made to iﬁéorporate into'fhé baseline program
a conversion capaﬁility for flights 6 and 7 (unmanned to manned), using
the substitution method. Initial funding of $2.0 million required

- in FY 69 can be absorbed in the present baseline funding structure.’
FX 70 funding for conversion can be inclﬁded in follow~-on program |
. funding. »

Decisions required are:

1) To provide_agéonversion capabilitf for baseline flights
6 and. 7 by dseiéf the,substitutionvoptioﬁ.
2) To commeﬁce.fdﬁding in FY 70 a followlan program phased

to provide substitute modules.
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I. INTRODUCTION

This paper exemines the proposition that at some future point
in time it may be necessary to convert MOL flights from the manned
- mode to the unmanned mode, and vice versa. Flight configuration
chénges in this frame of reference are envisioned as becoming necessary
. for reasons or circumstances unpredictable at the time the original
configurations were established. The gbility of the program to make
conversions in this sense is termed convertibility. A
The dual-mode nature of the MOL program, wherein both manned and
unmanned configurations are included in the development effort, not
only gives birth to thé_ possibility for conversion, but it also create“s.
& decision problem if conversion opfions ‘are & real consideration. The
purpose of this paper, tl_len, is to derive an appropriate perspective
for MOL convertibilit'y' éé it is influenced by both the decision problem
and the substance of the MOL program as it is known today.

The terms of reference for the perspective are developed first in
the paper by means of ger_;eralized discussion. The substance of the
.problem introduced by thé baseline MOL program ié.next presented;
followed by an exa.mina.tidn of severa.l- conversionv oi)fions. Based on the
perspective developed and the realities of the feasibie alfernatives,
conclusions and recomﬁehdations are thel;x' set forth. A glossary of terms

and abbreviations is inéluded.
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The Genesis of Convertibility

The dua.l-moda.lityb of the MOL Program cen be traced to concerns
expressed early in the planning and definition of the program, wherein
instances were envisioned in which reconnaissance activity by MOL would
be either :I.mpossi;ble or .imprudent if man was present in the satellite.
The capability for flying the DORIAN payload in an unmanned mode was
therefore desired as a hedge against political obstacles to manned
satellite reconnaissance. The unmanned MOL configuratisn wes 8lso
viewed, to a lesser degree, as insurance in case man proved incapable
of effectively performing the full 30-day MOL mission.. A third justifi-
cation given for the unmanned version of MOL was the belief that, once

developed and proven, it could eventuélly complement the manned system

: by perform:mg the more routine reconnaissa.nce nissions.

Thus, the MOL program was proposed and approved on the basis that
there would be developed in parallel, with equal emphasis, both manned
and unmanned configura.tisns. The objective was, of course, to develop-
one system which could "b.e used in either mode with a minimuﬁ; of cogversion

effort.

A ﬁ\md.amental Definition

~Based on the original rationa.le for development of both manned e.nd
unmanned versions of MOL, and with due regard for ‘the existing technical
characteristics of the program, & fundamental d.efinition of convertibility
can and should be sta.ted
DORIAN I . Page T of 38 pages
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Convertibility, in terms of the MOL program,is defined as being
the ability to change (at same time prior to launch) the mode of &
flight from manned to unmanned, or vice versa. Program blaminé shifts
resulting in particular flights being switched -from one mode to the

. other are excluded from this definition as long as such planning
exercises 4o not involve hardware already in production. The focus
of meaning in this definition is on "change...a flight ...," which,
as described fu:rther b_elow, basically involves either modification,
substitution, or A'sc'm;:e- 'éom‘bination thereof.

; . Why Convert?

The. fundsmental reé.sbns .for having two flight modes in the MOL
program (i.e., manned a.nd unmanned) are equally applicable as reasons
for convert.ing.a fiight after one partiéular mode has been established
in the program plamning.

At th_e same time the different reasons for conversion are an essential

part of the total decision problem. The inseparability of the conversion - '

motivation from other considerations is due to the fact thet there are
varying degrees of c‘oncerﬁ associa‘ted»with the different arguments for
conversion, and each reéson has a time scale 1n w_hich the concern may
renge from mild ihteres‘t‘ to urgent demand. Thus, the degree of necessity
and the time element a.fe two majorfa.ctors influencing planning for

' conversion capabilitieé" 'a.nd_la.ny suBsequeﬁt exercise of the option.
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Political

The most probable reason for wanting to convert a flight from
manned to ummenned is‘fear of domegtic or international reaction to
overflight of a foréign céuntry by one of our manned milifary satellites.:
While it is true that reconnaissance satellites are routinely employed |

by both sides today, the tacit intermational acconnnbdati‘on of unmanned

reconnaissance vehicles may not be extended to menned activities of . ,
this sort. On this basis; ‘and particularly in tiﬁes of greater
international insté.;oﬂity, one can imagine c‘ircumste‘.nces wherein the : 1
interests of the United.‘Statesk would best e serv’edAby'-removing man )
from &, particular MOL flight.

© Vulnerability

An extension of the political motivation described abové, but which o
involves more extreme reaétion by a foreign country, is the case in which
" active countermeasures might be employed against an MOL flight. A g
hostile nation, knowing or strongly suspecting 'th‘at MOL is designed to
‘ accomplish reconnaissarice. activities, might be provoked into taking some » f
_overt actlon to negate MOL's capability. At any such time that we,
| in turn, believe tHa{: countermeasures againsﬁ an MOL flight are a pofential

threat, there would undoubtedly be extreme pressure Lo remove the crew. : ?

| Technicel Difficulties

This category is predicated on the historical pattern of unforeseen
devel opment difficulties inherent in any complex technical development

program -- possibly even more prevelant in space systems where man is an
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integral link in the total system. The recent Apollo disaster, as

" unfortunate as the casé may be, represents a vivid example of @a‘b
can heppen. 1In the context of this discussion of convertibility,
any reasonable doubt as 1;,0 the safety of" -_bhe crew would undoubtedly

. produce a decisioh to hold in abeyance any manned flights. If in thei
same instance there existed an extreme need for inteliigence infor-
mation obtainable only with the DORIAN pasyload, there would certainly
be motivation for c'onveréion. |

Motivation of this kind is not limited to bconve.rsion in the

- manned-to-unmenned direction. Success of fhe unmanned configuration is
based to's large extent on adequate perfdma.nce of certain automatic
devices. Any deveiopment difficulties with these devices, all ¢ther
system elements being qualified for flight, éould. produce a desire 'E6

fly the system manned with man functioning as & troub:{.e-shooter, repair-

_man and even &s & manual override capability (if ‘neceésaz'y). The
specii’ié examples of equipment troubles that. could spell failure for an

. unmanned flight are mmerous and soméwhat. obvioué, and need not be |

v detailed. But the rationale fo;' congidering conversion from unmanned
to manned 1s supported 'b‘y the possibilities of éqﬁipment problems, and ' \
in fact, such thinking contriﬁuted to the apprbval of & manned satellite

- reconnsissance program in the first place. V

Biomedical . | | ‘

A final case for con'veréion motivation concefns tﬁe possibility that
man may prove to be unable to perform in the MOL enviromment for the
DORIAN L " - Page lO' of 38 pages | ‘ hey
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mis‘sion durations desired. 'Although this possibility is for the most
part discounted, there will not be proof until manned missions achieve
the 3-l week times on orbit. Again, with sufficlent urgency attached
to the need for the DORIAN photographs, there would arise con'siderable‘
pressure for proceeding "with unmanned versions of MOL,

How to Convexrt

The generalized definition of convertibility set forth earlier
provides a basis for describing the severe.l weys in which a particular '
MOL £1ight might be convertéd to the opposite mode -- manned or ‘ |
unmanned, whichever the ‘case might be. In the following delineation
of methods no attempt has been made to reduce the number of possibilities
to one or two optimm alternatives. The objective at this point is to
identify rationsal céurses‘.of* action, with sui)seq,uent discussion serving
to point out the merits aﬁd disadvahte.ges of each.. |

1) In the rirst case & particular vehicle 1é assigned to a
specific flight, and a deeision is made to change the flight mode. If
the decision is made ea.fl_y enough, the con:t‘iguré.tion of the vehicle

. allocated to that flight could be cha.nged i)y re-arra.nging delivery dates
for components that are peculia.r to the newly assigned flight mode.
This conversion mode would probably lnvolve the 1east expense of any

. conversion method, but it requires maximum time before launch for &

e e e

' change decision.
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2) In the second case, vehicle assembly has progressed t0
the point where poﬁ:ions would actually have to be modified upon
receipt of conversion notification if the same vehicle is to be used
for the particular fiight. A kit of peculiar parts would presumably
be on hand to accomplish the modification. Some systems or integrated
tests might have to be repeated, dependiﬁg on the stage of vehicle
production reached.

3) The vehicle configuration for a particular flight could

also be changed by substitution of mode-peculiar modules. The extent

of iaunch date impact for the flight would depend on the amount of
integrated testing that would have to be repeated (‘assuming a.ltemate'
modules were on hand. in some comparsble stage. of readiness). Modules
involved in this case are the Gemini, Support Module, and Lab Module --’
the Mission Module and Titan booster being essentially identical whether

~ the flight is manned. or unhamed. The module sub_étitution could even

be accomplished at the launch site, if an integrated set of modules:

(including the Mission Module) was made available on & contingency
planning basis. S
4) A final and'jégjmewhat extreme method for achieving conveirtibility

e e s 1 2 s

would be to have two launch pads with both kmds of vehicles in para.'l.iel

readiness. The devcisiovr_lb-ma.ker could then choose the launch pad (a.nd'

10 vy e vy s

. vehicle mounted themon),lwhich sulted the conditions influencing his decision.
The above description of methods addresses the basic techniques, but

of course there are cambinations and pemutations' that might optimize

DORTAN B - © Page 12 of 38 pages
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conversion advantageé and effeets one way or another. However, any '
conversion method that might be devised, within the bounds of the
fundsmental defimition of convertibility, is bound to involve time,
money and vehiclé; system considerations. The combination of these
considerations with the motivations for making flight modal changes
produces & decision préblem varying in complexity and difficulty. The
underlying assumption of this paper is that appropriate program planning
now can ease the problem for the decision-meker in the future.

The Decision Problem

The discussion thus fa.r has addressed the need for thinking about
convertibility, what it means, the different reasons that may motivate
the decision-meker to exercise a conversion ca.pability,‘ and finally,

. how it might be accomplished. The section that follows attempts to

relate these factors one to another such that the decision problem is

defined. With a factorial definition of the influences on such a decision,

the quantitative and qua.lita.ﬁive assessments of where we stand and what
we .ca.n do will take on more meaning. |
‘The primary elemen‘bs of the problem are motivation, time, money

and hardware features that exist. The relationship of these variables
is ‘suéh that: - |

1) The cost of a decision to convert is inversely proportional
to the amount of time from the decision to the planned or desired launch
date, This is to sé.y thgt mq're decision lead ﬁime_ results in less cost
to convert. B '
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2). The degree of certainty in the motivation to comvert will
usually be inversely proportional to the amount of time before launch.
That is, the longer the t:une before launch the less certalnty there will

be in the need to convert.

3) The direct cost of conversion (disregarding increased costs

resultmg from extensmn of tota.l program time) is inversely proportional

'to the amount of lau.nch delay that is acceptable. In essence, this means

that acceptance of greater launch date slippages will tend to reduce
the cost of converting.

The decision-maker must simultaneously consider the cost of

~ conversion, the strength of his belief that  conversion is necessary or

prudent, the safety of the crew and the probability of mission success,

the mcceptability of launch delay, and how long hé can walt before making

a decision. The _flexibility that the decision-maker desires, in terms
of integrating these factors into a course of action, will establish

the conversion features tc be embodied in the dual-mode MOL progrém.
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“II. BASELINE CONVERTIBILITY

Turniﬁg now from the generalized treatment of convertibility, the
examination of the proposition focuses on the hard realities of -hardware,
costs and schedules, |

As was stated earlier, the dual-modality of _fhe current baseline
MOL program involves two separate and &istinct Orbitihg Vehiéle (ov)
configurations. The maﬁned version, or the Manned Automatic Mode (MAM),

consists of a Mission Module (MM), a Laboratory Module (LM) equipped for

‘manned operation, and a Gemini B capsule. The unmanned configuration,

identified as the Automatic Mode (AM) consists of an MM, an LM operable

without man aboard, and an Automatic Support Module (ASM) which replaces

the Gemini B.

. "+ Module Differences

- Major differences between the two configurations are summarized

below and are showﬁ"in Figure 1.

‘Mission Module

Identical MM's are used in both the MAM and AM cohfiguration so

the same MM can be used for either type of flight.

' Lab Module

In the MAM LMvtheré are about 1000 pounds of major components and

subsystems, required for manned operation, which are deleted in the AM

E configuration. Included in this category are the GE panels, DRV and

launch tube, Acquisition and Traéking Scope, transfer tunnel and the

transfer tunnel hatch in the forward bulkhead. In the AM configuration,

‘a film chute, GE and EKC electronics and wiring harnesses are added and
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'the MAM transfer tunnel hatch is replaced by one which has a film chute

seal., 1In addition, provisions are made for interfaces with the

expendables that will be carried in the extended lifetime configuration

- AsM.

- Gemini B and ASM

The Gemini B and ASM serve entirely different functions and are
'therefore completely different. Conversion of a vehicle from one
‘mode to the other obviously requires interchange of these two modules.

The Conversion Problem

Each vehiclelin the MOL baseline program has been ordered in a
specific configuration [ either MAM or AM. 1In order to provide a
convertibility capability in the MOL baseline vehicles as currently
" designed, it would bé necessary to either (1) ﬁroéure in advance a
preplanned additional‘coﬁplement of hardware that can be used to modify
the configuration of eacﬁ*vehicle, or (2) procure substitute system
modules with properiy.phased lead times so that appropfiate modules
are available in both cdnfigurations for a particularllaunch. No such
spare hardware or Supstitute modules are now being proéured, so the
current MOL baselineiprogram.has no convertibility capability.

Earlier in tﬁe program, a "kit“‘approach)was_included‘in the '
baseline so that tﬁe LMf¢ou1d.be converted by modification. However,
“this capabi%ity was elim;ngted during a cost redu¢tion exercise in
September 1966. o

As previously indiéated; the capability to convert a partiéular

- flight might be achieved in a number of ways, .in all approaches to
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convertibility it is necessaff to procure both a Gemini B and an ASM
since they are completely’different. As stated earlier no additional
" procurement or modification of the MM is required. Although the two
types of IM's are different, there ié sufficient hardware commonality
* between the MAM and AM cénfiguratiops so that modification is feasiﬁle.
Therefore, the LM is the one module in the OV that is susceptible to
both approaches to convertlblllty. |
In following sections the various methods of .achieving
- convertibility are discussed in some detail, together with funding
and schedule implications and the pros and cons of each approach.
: Convertibility is coﬁsideréd both for flights 6 and 7 of the curreat
: baseline‘program, and for a follow-on operationalﬁprogram. Converti-
- bility is not considered for baseline flights 3, 4, and 5 in view of
the relatively low probablllty that conversion will be desired -- and
also because of the immediate, serious impact on program funding if

convértibilitvaere to be incorporated on the edrly flights.

Conversion Before IM Assembly

Applicable Period

From T-26 months;(LMLorder lead time) to T-14 months (assembly of
LM components into the birdcage, i.e., the internal framework for the
. 1M pressurized section)‘;ith no launch delay. |
Methoa |
IM components pécﬁiiaf'to each configuration‘are ordered so as
to be available for assembly in the desired configuration. This
- method could be used‘wifhout preordering peculiar componénts but this
DORTAN, L S '  Page 18 of 38 pages
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would cause a launch delay depending upon the elapsed lead time.
Available spare parts and/or overtime could be used to minimizg
slippage or, if there is a mixed configuration follow-on program,
1delivery of components for subsequent vehicles could be expedited, Upon
completion, the IM would be mated with appropriate modules and launched
in the desired configuration. B
Cost Impact
The cost of o:dering peculiar MAM LM coﬁpongnté for flights 6
and/or 7 has not been precisely estimated. This w0uld; however, be the
least expensive approach to gonvertibility because it involves no
disassembly and reasseﬁbiy of LM components. Since this method requires
the maximum time before iéﬁnch for a change decision (14 months minimum),.
- it dbes not cover most of the situations in which a conversion capability
might be needéd.
For this approach, iﬁ would be necessary to procure both an
ASM ($4.0M) and a Gemini B ($20.0M) for each flight. In addition, funding'
of the extra $0.5M fequirgd for a TIIIM manned flight must be planned.
Thus for flight 6 or 7 a'fun&ing increment of $20.5M over the current
‘baseline must be pfovided. For a mixed configuration follow-on-program,
additional Gemini ﬁ}g wduld not be required, aé léng as one remains
" . in the inventory. "Hdwe?ér;'delivery of.Gemini B's would have to be
1vexpedited so as to be'available at thevsaﬁe time as.the AM configured
modules. | | |
Discussion
This option-does not provide a féalistici usable cénversion

capability because: of thé long lead time necessary for a change decision,
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Modification

Applicable Period

Up to T-5% months (LM/MM méte) with no launch slip if extensive
overtime is used and thé:;est flow is expedited to the maximum extent.
Beyond T-5% months, all of the lost time cannot be made up through fhe
use of overtime,

Method

Basically, this opfiqn involves recycling thé IM in the production
and test flow for modification to the‘desired configﬁration, using a
pre-purchased complemenf_bf peculiar components. After modification
to the alternate configuration,‘the M ié mated with ofher appropriate

: mo&ules ;nd proceeds thréﬁgh the remaining test flow to iaunch.

‘The principal differences betﬁeen the MAM and AM configurationms,
as shown in Figure 1 and discussed earlier, result in the deletion of
wbout 1000 pounds of MAM-peculiar equipmenf when modifying to the AM

. configuration, plus the addition of a féw AM-peculiar items.
Consequently, for this option the IM must be assembled in the MAM
configuration since it woﬁid be prohibitively exéénsive in both time
and money to recjcle'an AM configured IM for the éddition of MAM—pequliar
components, Upon dgciding to convert, as mﬁch MAM-éeculiar equipment
as possiblé would be rémo&ed, a pre—#urchased "kit" .of AM-peculiar

' equipment would be installéd, and the LM would thén be tested in the
new configuration;-' | f | ‘

At T-10% months, the’"birdcage" loa&ed with equiﬁmentg'is installed -
in the pressurized section and the forward bulkhead is welded in piace.
DORTAN o " Page 20 of 38 pages
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Subsequent to this step the only access to the LM.pressﬁrized section

" is throﬁgh the two hatches. Although the MAM-peculiar components are
sized so that they can he removed through the DRV hatch, the job of
removing equipment without removing'the wel&ed bulkhead is considerably

more complex and time consuming than it is prior to T-10% months.

Cost Impact

For flight 6 or 7 the baseline cost increment is $54.3M, as shown

. in Table 1. For this option, $9.0M of nonrecurring costs are required i

R e

for planning, tooling and equipment necessary for mgdification.v Adding
this cost to those for MAM-peceliar hardware (most of which is not
recoverable), and for deel planning of MAM and AM'operations for a
specific‘launch producee a nonrecoverable incremental cost of $21.3M

- which is expended whether ‘a flight is configured AM or MAM.

In this optionm, p051t1ve action is required to convert the
MAM~-configured IM to the AM configuration. The estimate for modification
labor and repeat of eheckdut in the AM configuration is $16.0M (which
is a baseline cost 1ncrement) Thus, an additional $35.8M over current
baseline costs must be spent for flight 6 or 7 lf launched in the AM
configuration. The recurring increment to the baseline cost for each . !

such flight is $26.8M. ,(T.able 2) |
. Discussion | ‘

There are a number of dlsadvantages to this methed of achieving

convertibility. The prlncipal disadvantage results from the fact that
the IM for flights 6 and/or 7 must be fabricated in the MAM configura-

'tion although, in the baseline program these launches are planned to
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be in the AM configuraﬁion.‘ Thus, in order to launch in the planned
AM mode, an "emergency" typé operation has to be undertaken to modify
the IM to the AM configuration. This increases the cost of launching
flight 6 or 7 in'the AM‘mode.to $35,8M more than the current baseline
cost (Table 2). -Of.this amount $26.8M is a recurring increment to
the baseline cost for each such flight.

In effect, an expenslve "emergency" type modificatlon of the LM
is required when the option to change a flight from the planned AM
mode to MAM is ndt-gxercised. A "ecrash" effort of this type, which
involves extensive overtime and shortened rechecks and tests wherever
possible, tends to degrade vehicle reliability.

In summary, thls conversion method gives rise to a program that
is always in a stgte of expensive chaos. Although the baseline
incremental cost is less tﬁan some of the other methods considered,
much of the ihcréased’fuhding is recurring and nonrecoverable,

| Substitution

In this method, the only modules which require substitution are
the ASM/Gemini B and the MAM and AM configured LM's. Although the MM
is identiéai for both modes, use of a substitute MM integrated with,
the other'appropriate'substitute modulés will reduce the time before
launch when a conversion declsion can be made without causing a

' séhédule slip. A‘spec;al case of éubstitution, dual countdown, will
be discussed in é'sepatatg section,

Gemini B/LM Subst itution

‘Applicable Period - Up to T-5% months (LM/MM mate) with no launch
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slip. Beyond T-5% mdnth;,fthe planned configuration LM would have to be
demated from the MM, thé desired 1M mated and the test flow resumed at
LM/MM mate. There would be at least a day-for-day slip, although over-
time could reduce the siippage if sufficient urgency exiéted.

Method -- For flight 6 or 7, a spare MAM LM must be fabricated
and checked out so as to be»avéilable for tﬁe scheduled IM/MM mate.
Both the MAM and AM IM's are carried through their test'flows, and at
IM/MM mate a decision can be made as to the desired configufation. For
a continuing, mixed qonfiguration follow-on program, additional IM's
would not be required as long as IM delivery dates were planned so
that both configufatioﬁs were available for each flight:

Cosg Impact -~ Fof_flight 6 or 7, the cost iﬁcrement over baseline
funding is $68.5M; as shown in‘Table 3, if the conversion deéision is -

made no later than T-5% months. In addition to nonrecurring costs of ..

$11,0M for engineering plamning and labor for increased production,

$2.5M recurring nonrecoverable funds are requiredvper launch -- $2,0M
for dual planning for both MAM and AM operations, and $0.5M for TIIIM
hardware for the Gemini B and crew interfaces. The hardware and effort

represented by the remaining dollars are expended only if the flight is

converted to MAM; otherwise it is availabie fdr subsequent MAM flights,

If a conversion decision is made after T-5% months, additional costs

would be incurred to cycle back to IM/MM mate. The baseline incremental

cost is almost doubled ($126.0M) if a conversion capability is provided
for both flights 6 and 7. For a continuing, mixed configuration follow-on

program, the only: additional recurring nonrecoverable cost would be
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- $2.5M per flight for dual operations planning and TIIIM/Gemini B

‘interface hardware. However, production funds must be phased earlier

. to—provide both configurations for each flight.

Discussion -~ In the existing LM production and checkout
facilities, there are two critical areas -- LM final assembly and LM

checkout. For this reason, care must be taken to phase additional

' substitute IM's so as to not overtax the capability of these areas. -

An examination of the current baseline production flow shows that two

substitute LM's (for flights 6 and 7) can be accommodated, although one

- of these must be produced in advance of the need date unless additional

production facilities are provided., Additional facilities are not
considered to be justifiable on this basis. Similar care must be

taken in phasing delivery of LM's for a follow-on program,

Applicable Period -- Up to T-50 days (OV/TIIIM structural mate

at VAFB) with no launch slip. Beyond T-50 days, the planmned configura-
tion would have to be demated and the desired OV mated with the TIIIM.
. This would essentially cause a day~for~day slip, although overtime

. could reduce the Sllppage to some extent.

‘Method == ThlS method is not feasible for fllghts 6 and/or 7, and

. 'is probably not feasible for near-term followfon'fllghts since the

maximum delivery rate for the mission payloéd during this period is

four per year;- Addiiionéi effort and funding would probably be

 required to increase thié"production rate for follow-on £lights, However,

if mission payload production were increased, OV's in both conflgurations
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‘could be procured and m&&é{available at VAFB for ;he scheduled
structural mate with the.TiIIM, at which time a décision could be made
as to the desired configuration. It is feasible to delay the decision
to this point in time sipgé little more than receipt and inspgction is
vdone to the OV modules at VAFB prior to mating witﬁ the TIIIM and
iconducting the inﬁegrateébsystem test.‘ |
Cost Impact =« For.a.follow~on program the cost impact would
be essentially the same as described for Gemini B/LM substitution.
"However, since both configurations are taken considerably further
through the test flow, iqre of the programmed test flow dollars for
.‘both configuratioﬂé would,bé expended, Consequently,»séme additional
‘funds wouid probably be required for rechecking the unused éonfiguraj
- © tion prior to using it for a subsequent flight.
Discussion -~ Commenté relafive to Gemini B/;M'substitution are
also pertinent to this option. In addition, the serious problem of
-increasing mission payload production must be considered in any
decision involving this;method of achieving conveftibility."

. 2 "~ Dual Countdown

.Applicable Period

Up to just before'lif?-off with no launch deiay{

This method is not feasible for flights 6 and/or 7, nor for early
vfollow-on flights because of the maximum mission payload de11very rate
~of four per year. For later follow-on flights, an additional launch
 stand must be constructed so that two differently configured Flight
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"Vehicles,(FV) are cbﬁnﬁea:down simultaneously, A decision can‘be made
up to just before‘lift off:as to which configuration is launched.
With respect to facilities, only a new launch stand, together
“with an additional set of ASM/LM/MM/TIIIM AGE is required for this
method sincevall of the other facilities can handle a dual countdown.
‘ For a éontinuing, mixed configuration follow~on progfém, FV deliveries
‘would have to be planned so that both configurations are available
for a flight. |
Cost Impact
| 1f additional mission payloads could be made available for
. flights 6 or 7, the 5aseiine'cost increment for this mefhod, as shown
- in Table A, would be $235.7M. Of this amount, $118.0M is required
- : ~.for launch stand construction and additional AGE. In addition to these
facility costs, othéf nonfeéoverable costs are réQuired for engineering
,plannihg and labor for increased LM production and the countdown of
two vehicles simultaneously. For a‘mixed configuration follow-on
~ program, the additioﬁa1 nonrecoverable cost would be the same. Further-
:‘:more, production funds wquld have to be phased earlier to provide both
vehicle configurations fﬁr.each'flight.
Discussion
. Although this optiéguofférs the ultimate in capability to change
‘the configurahion of‘a ﬁisSion, the largevinitialfinvestment éost for -
.van additional lauﬁéh-stahd makes this Optidn verybunattractive,
unlesé it is exﬁrémélyrimporfant that é conversion.capability be
available up to juét‘bef§re iift-off,
DORIAN ; .: . . " Page é9 of 38 pages
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III, CONCLUSIONS

The baseline cost increments for the four methods considered are i
compared in Table 5. The "eonversion before LM assembly" method is i
the least expensive alternative, but it is not responsive to a real
need for convertibility because a decision is required so far in :
advance of the launch date. The dual countdown method is discarded
because it is not feasible for either flights 6 and 7 or any early
follow-on flights. Even if additional payloads become available | » i
further out in the future, this method is still unaﬁtractive because
of the large initial investment required for an additional launch stand.

Elimination of these two alternatives leaves modification and

_ substitution as the ;ompetitive methods. ‘The baseline incremental cost
. 'forbflight 6 or 7 using the substitution method is $14.2M more than the
baseline cost increment for modification., If there is to be no
follow-on program, modification would be tﬂe desifed option, based
: solely on this cost diffefential. However, modification‘requires : |
considerable nonrecoverable funds and inherentiy degrades reliability.
In addition, this method requires early funding for modification
planning, tooling'and.equiéﬁent.
The substitution méfﬁod (Gemini B/LM substitution) offers the éame
- decision leadtime (with_no slip.in launchvdate) as does the modification
alternative. Altﬁdugh éﬁ%.substitution me thod Baégline cost impact is
greater,'tﬁe funds expended on any particular flight are less, since
this method inolves pn;y_sz.SM of recurring, nonrecoverable funds.
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Substitution is clearly the superior method for achieving convertibility
for flights 6 and/or 7 and for follow-on flights.

A substitution capability for either flight 6 o:'7, and a similar
d capability for the cese covering boeh flights, can be achieved with no
- cost impact on the.basel_'_ln_e program, if_'thefe is a mixed configuration
follow-on program. This can be done.by ordering manned LM's for the
. follow~-on program sufficiently early so that they will be available
for flights 6 and/or 7. ‘The FYAfunding breakout fer this approach
(using a flight scheduleiincorporating a 12 month slip; i.e., flight 6
in November 1971) is' shown in Table 6.

The FY 69 funding required for this capability (fo; engineering
planning'associated with inc;eaéed hardware production) amounts to
only.$2.0M; These'fundeueeuld undoubtedly be abgorbed in the baseline

program without difficulty, so that follow-on program funding necessary

to achieve the baseline cohvertibility'capability would not be required

until FY 70. The point td be emphasized is that this method primarily
requires early funding df'e ﬁixed configuration follow-on program
rather than increased funding.. In essence, the nonrecoverable cost of
a convertibility capab111ty for flight 6 or 7 via the substitution
method would be $13 5M, . and for both flights 6 and 7 would be $16 oM.
. (2.0M in FY 69, 3.0M in FY 70, 7.0M in FY 71, QJOM in FY 72). Of this
" amount, the recurrlng nonrecoverable cost is only $2 S5M. per fllght.
The add1t10na1 hardware and effort is expended only if a decision

is”made to convert to the manned mode. I1f the capablllty is not
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| exercised on flight_. 6 or flight 7, the accpmulat?ed hardware and

" additional effort remain available to provide a conversiom capability

" for subsequent flights.
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IV. RECOMMENDATIONS

The following recommendations are based on consideration of the
| potential use of a conversion capability, the decision lead times that
" might be applicable to the situatiom, the impact on baseline costs and
schedules, and the.pOtenéialvfor an extension of the MOL’capability into
" a follow-on program. |

1. A capability for conversion of flights 6 and 7 by Gemini B/LM
substitution should be 1ncorporated into the baseline MOL program.

Thls capablllty should also be a key feature of the follow=-on program
that is assumed to be forthcomlng

2. The conver31on capability for flights 6 and.7 should be

 ';funded in the follow-on program, with the exception of an initial require-
ment of $2.0M needed in FY 69 for engineeriﬁg-pIAnning for increased pro-
duction. FY 69 funding:éhould be absorbed in the baseline program
funding. Initial follow;on program funding to provide this capability
will be needed in FY 70.

3. The Systems 0ffice should be directed to include this capa-
bility now in the'ihternal planning for the baseline program. However,
it is neither necessary nor desirable to incorporate this capability at
present in formal prbgram aocﬁments such as the planned revision to the

~ MOL Program Plan and Fuﬁdiﬂg kequirements (Blue Book).

4, A proposalvfér a follow-on progrém, which includes the conver-
gsion capablllty for fllghts 6 and 7, should be prépared and submitted to
Dr. Flax in early CY 1968 v Funding for this program should be included

~in MOL FY 70 budggt proposals that are initiated in mid CY 1968.
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AGE

ASM

ATS

Birdcage

c/o
DAC

DORIAN

DRV

EKC

Mode

DORIAN
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V. GLOSSARY

Aerospace Ground Equipment

Automatic Mode (Unmanned MOL flight
of vehicle)

Automatic Support Module (Module which
replaces the Gemini B in the unmanned
configuration, Carries data return
vehicles and other equipment.)

Acquisition and Tracking Scope

‘Major structural framework inside

pressurized compartment of the Labora-
tory Module

Checkout

Douglas Aircraft Company

Project or code name used in this sense
for the camera/optical system carried
by MOL. '

Data.Return Vehicle
Eastman Kodak Company
Flight Vehicie |
General Electric . |
Laboratofy Module
McDonnell Aircraft Company

Manned Automatic Mode (Manned version
of the MOL vehicle or flight)

Mission Module (hbuses the major portion
of the camera/optical system)

Term used to refer to the manned (MAM)
or ummanned (AM) flight or vehicle
configuration. '
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nonrecurring cost

nonrecoverable cost

recoverable cost

T-x months or days

TIIIM

VAFB
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A cost that occurs only once.

Costs for hardware or services which
are expended whether or not the
conversion capability is exercised,

Orbital Vehicle (that portion of the
total MOL vehicle which goes into
orbit)

The converse of nonrecoverable, Costs
for hardware and services which are
available for subsequent flights if
conversion is not accomplished.

Time before launch.

Titan III-M booster

Vandenberg Air Force Basge
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