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This report present; the results of the Phase
“B” Preliminary Definition Study (Contract
NAS 9-4983) of the Lunar Excursion Module
(LEM) and its modifications and additions, as
necessary, for use in the Apollo Extension
Systems (AES). This use includes a Laboratory
for Earth and lunar orbital missions, and a
Shelter, a Taxi and a Truck for extended-stay
lunar surface missions. The overall objective of
this study was to conduct sufficient analyses
to provide a basis for selection by NASA of a
single concept for each mission for final defini-
tion and development.

The study results are distributed in the vol-
umes listed below in the following manner:
Volume I contains a summary of the Prelimin-
ary Project Development Plan (PDP) with
emphasis on estimates of the program costs
and schedules. This volume was submitted on
30 October 1965, one month in advance of the
remaining final documentation. Volume II is a
brief summary of the overall study. Volumes
ITT through XVI contain the design analyses,
preliminary specifications, and operations an-
alyses for each of the AES/LEM vehicle types.
Volumes XVII through XXVI contain prelim-
inary project planning data in the areas of
management, manufacturing, development test-
ing, and support.

It was necessary to base the preliminary
project planning data, including estimatéd
costs, on a single configuration for each of the
AES/LEM vehicle types. Since these PDP data
were required by the end of October, the con-
figurations had to be selected at the mid-point
of the study, before the configuration studies

had been completed. These configuratians have.

been called “baseline” configurations. The con-
tinuing design analyses in the second half of
the study hg e, resulted in recommended
changes to thé"¥aseline configurations. Volumes
IIT through VI describe the “recommended”
configurations, the baseline configurations, and
some additional alternates which were studied.
It is anticipated that NASA will make™a selec-
tion from these configurations, and that these
selegtions will then be the new baseline con-
figurations for the next phase of AES definition
studies.

The scope of this study included integration
of the experimental payloads with the Shelter
and Taxi, but did not include study of the inte-

-

Preface

gration on individual LEM Laboratory flights.
At approximately the mid-point of the study, an
addendum was written with the objective of
providing support to the NASA Mission Plan-
ning Task Force for study of the Phase I Lab-
oratory flights. The schedule for the addendum
calls for completion of these mission planning
studies in January, 1966 Therefore, the adden-
dum efforts are not described in this report.

The volumes which comprise this report are
as follows:

I Phase B Preliminary Definition Plan
(30 Oct 1965)

II  Preliminary Definition Studies
Summary
III Phase I Laboratory
Design Analysis Summary
IV  Phase II Laboratory
Design Analysis Summary
V Shelter Design Analysis Summary
VI Taxi Design Analysis Summary
VII Truck Design Analysis Summary
VIII Phase I Laboratory
Master End Item Specification
IX Phase 1I Laboratory
Master End Item Spectfication
X Shelter Master End Item Specification
XI Taxi Master End Item Specification
XII Phase I Laboratory Experimental
Payload Performance &
Interface Specification
XII1 Phase II Laboratory Experimental
Payload Performance &
Interface Specification
XIV Shelter Experimental Payload
Performance & Interface Specification
XV Taxi Experimental Payload
Performance & Interface Specification
XVI Prelaunch & Mission Operations
XVII Manufacturing Plan
XVIII AES Modifications to LEM
Quality Control Program Plan
XIX Ground Development Test Plan
XX Support Equipment Specification
XXI Facilities Plan
XXII Support Plan
XXIII Transportation Plan
XXIV Traimng Equipment Requirements
XXV Support Equipment Requirements
XXVI Management Plan
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1. INTRODUCTION

This volume presents the results of the Taxi design analysis. The Taxi is a
modified LEM which has the capability to land a crew of two on the lunar surface
from a lunar orbit, survive the lunar environment for up to 1k days while the
crewmen are supported by the LEM Shelter, and then allow the crew to ascend to
lunar orbit and rendezvous with a Command and Service Module. The preliminary
design data which are provided are intended to permit NASA to select & Taxi con-
figuration.

The following vehicle-level ground rules were observed during this study. Ad-
ditional subsystem-level ground rules and assumptions are included in this report
where gpplicable.

Minimum spacecraft modifications

Maximum utilization of Apollo hardware

Utilization of other qualified spacecraft hardware (Mercury, Gemini)

Maximum utilization of and coordination with existing development studies

Minimum modifications to Ground Support Equipment (GSE), Automatic Check-

out Equipment (ACE), and Manned Spaceflight Network (MSFN)

Where possible, qualification of modifications without flight testing

® Modifications and development to be compatible with spacecraft launch
vehicle gvailability and launch schedules as defined in AES Reference
Flight Schedule ML 65-1

e Mission time of up to 14 days lunar surface manned operations

® Consistency in design requirements and commonelity of design approaches

for the selected configurations for the Lab, Shelter and Taxi.

Because of the short performance period of this contract, it was necessary to
select a single configuration at the mid-study point to form the basis for the
preliminary Project Definition Plan (PDP). This configuration was described in
the mid-study report and was called the "baseline" configuration. In the latter
helf of the study, this baseline configuration was modified as a result of NASA
direction and/or continuing vehicle design studies. For this report, this more
current configuration is called the "recommended" configuration.

The technical discussions in this volume are based upon the recommended configura-
tion; however, any differences between the two configurations are described with
appropriate explanations in the individual subsystem discussions. Also included,
where applicable, are discussions of the "alternate" configurations considered and
the potential modifications per flight.
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2. CONFIGURATION SUMMARY
2.1 INTRODUCTION

This section summarizes the recommended and baseline Taxi configurations, as well
as the subsystem alternates which were studied during the contract period. The
definition of these configurations is based on the following:

NASA/MSC ground rules as defined in the Work Statement and Blue Book
Analysis of NASA/MSFC mission descriptions

Results of Phase A studies, Contract NAS 9-3681

Subsystem and system studies

Vehicle design and integration analyses.

The vehicle level ground rules that were observed during the study are defined 1in
Section 1. The mission analysis and supporting studies are described in detail in
Sections 3 through 6.

2.2 ASSUMPTIONS

Gross vehicle design assumptions used during the study are summarized by subsystem
in Table 2.2-1. These gssumptions are based upon the established ground rules and
the following mission related requirements:

e Operate in conjunction with the Shelter
e Perform a day or night mission

2.3 RECOMMENDED CONFIGURATTION

The recommended Taxi (Fig. 6-1-7) is a LEM with modifications needed to meet the
extended staytime on the lunar surface. The specific subsystems requiring modi-
fication are environmental control, electrical power, and the structural changes
associated with these modifications. Minor modifications have also been made to the
micrometeoroid shielding, crew provisions and communications. All modifications,

or changes, with reference to the present LEM configuration are listed in Table
2.3-1, and are described in detail in Sections 5 and 6. Summary descriptions are
presented in the following paragraphs. A Level 1 functional block diagram of the
recommended Taxi subsystem interfaces is shown in Fig. 2.3-1.

2.3.1 Envirommental Control

During the 1lhk-day quiescent storage period, the temperature variations of the
various components and subsystems within the vehicle will be controlled by the heat
transport section, using both passive and active techniques capable of meeting the
demands of either a day or night mission. The allowable ascent stage structural
temperature limits, imposed by propellant considerations, are +40 to +90°F. The
internal structure is thermally coupled to the propellant tanks and. the life sup-
port expendables to help stabilize the interior temperatures. The ascent stage is
thermally decoupled from the environment by insulation and the use of exterior
surfaces having the proper radiation properties.

?,wmmm
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Passive thermal control of the Taxi is the same as LEM with the addition of a
blanket of insulation to cover the top docking tunnel and insulated reflectors
applied to the interior of the windows. These will be positioned by the crew
prior to the quiescent storage.

The active thermal control system consists of the LEM water boiler, plus addition-
al water for day missions, and a RTG waste heat transfer system for night missions.
The heat pipe, required for transferring the RTG waste heat to the cabin, is a
part of the Taxi recommended configuration. The RTG, however, is carried on the
Shelter for use during the 3-month storage period, and later is transported to the
Taxi by the crew and connected into the heat pipe system.

2.3.2 Electrical Power

The night mission represents the critical requirement for the Taxi. The recom-
mended design approach is to use three modified descent batteries each having a
12-kw-hr capacity and high rate capability, and a 50-w RTG for the quiescent lunar
stay phase. Two ascent batteries are used for the ascent phase of the mission as
in the present LEM configuration.

2.4 BASELINE CONFIGURATION

The baseline configuration is summarized in Table 2.3-1 and listed as changes to
the LEM configuration. It i1s essentially identical to the recommended configura-
tion.

2.5 ALTERNATE CONFIGURATIONS

In arriving at the recommended Taxi configuration, alternate methods of achieving
the mission requirements were studied. The candidate systems studied are summa-
rized by subsystem in Table 2.5-1.

2.5.1 Electrical Power

As a means to reduce weight, zinc-oxygen (ZOX) batteries were considered as an
alterngte to the silver-zinc batteries of the recammended configuration. The Z0X
batteries have the capability of delivering 50% higher energy per unit weight than
the best silver-zinc batteries. By use of this new type of battery, a potential
weight savings of 160 1b may be acheived. Although the Z0X batteries are in the
early state of development, it appears that the Taxi schedule would be compatible
with the time required for their development and qualificagtion. Thus, it is felt
that their use should be further investigated during the Phase C effort, when a
decision could be made on whether to develop them as a significant weight saving
alternate.

2.5.2 Environmental Control

As an alternate to the system of transferring the RTG waste heat to the cabin by
an intermediate fluid heat transfer loop (heat pipe), a direct radiation system
was studied. With this system, the RTG is mounted on top of the descent stage in
an insulated enclosure, one side of which is the ascent stage pressure vessel. The
amount of heat transferred to the cabin is controlled by a hinged panel.
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The RTG heat pipe system of transferring waste heat to the cabin was recommended,
because of the physical consideration involved in transferring the RTG from the
Shelter to the Taxi. With the direct radiation system, the RTG must be installed
at the top of the descent stage and will require an elaboragte 1lifting mechanism.
The heat pipe system requires the astronaut, standing on the lunar surface, to
install the RTG into a side bey on the descent stage.

2.5.3 Guidance, Navigastion and Control

The recommended method of initiating status transmissions during storage is with
a time sequencer. Two alternates are suggested: use of LGC standard frequency
output to time the transmissions, or use of an Earth uplink. The time sequencer
was selected because of simplicity, light weight, low-power consumption, and no
dependence upon any system other than power.

2.5.4 Reaction Control System

The RCS performance and propellant requirements for the Taxi are essentially the
same as the present LEM, However, because of the extended quiescent stay period,
the electrical energy required to maintain the cluster temperature by the present
electrical heaters 1s excessive. The recommended configuration is to allow the
thrusters to cool down; then during the pre-launch lunar checkout, large electrical
heaters are turned on to thaw the propellant feed-lines and bring the thrusters up
to operating temperature. This requires the addition of larger heaters as indi-
cated in Table 2.3-1.

As an alternate to this system, cluster covers were investigated as a possible
gpproach to maintaining the thruster temperature by reducing the amount of heat
lost by radiation. These were not selected, because of the inaccessibility of the
clusters for manual emplacement and the complexity of sutomatic devices. In ad-
dition, the weight of the covers is high when compared to the gdditional battery
weight required for the recommended cluster heaters.

2.5.5 Communications

The recommended communication configuration includes a modification to change the
operating frequency of the Taxi S-band transceiver, power amplifier, and

diplexer. This is required to prevent interference between the Earth, 'laxi, CSM,
and Shelter. As an alternate to this concept, two approaches have been considered:

e Time sharing transmission
e Right and left circular polarization of Taxi and Shelter antennas.

The modification to change the operating frequency of the Taxi was recommended,
because this allows for the most versatile operation of each spacecraft
communication system and assures no mutual interference of transmission to the
Earth,

2.6 POTENTIAL MODIFICATIONS PER FLIGHT

Two potential per-flight modifications exist which are dependent upon the time
phasing of the mission; lunar day or night. For an all-day mission, it is possible

?mm
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Table 2.,2-1

TAXI SUBSYSTEM ASSUMPTIONS

Subsystem

Assumptions

1.0 Structure

IEM hardware components to be retained in their original
locations. :

No change to LEM adapter (SLA). _

IEM/SLA pick-up structure to be preserved.

2.0/3.0
Stabilization &
Control/Naviga~-
tion & Guidance

Taxi will be able to land within 1,000 ft of Shelter.

IMU must be maintained at 135 * 5°F during quiescent
phase.

ASA must be maintained between 105 & 120°F during
quiescent phase.

Status data transmissions controlled by a time sequencer.

4,0 Crew Provisions

Food required for three meals, 5.21 1b, from separation to
rendezvous, based on 3,000 K-cal/man/day.

No food consumed on lunar surface.

Soft suits, liquid-cooled garments, and backpacks for each
astronaut worn during lunar landing are used to support
crew until they enter Shelter; and, where applicable,
during Shelter mission.

5.0 Environmental
Control

RTG waste heat transferred to Taxi cabin during night
quiescent phase.

Window and hatch covers required to reduce heat leak.
Exterior surface will have a coating with radiation
properties of 0.20 absorptance and 0.25 emittance.

Life support Taxi provides 43 man-hr (inel. 9-hr orbital
contingency & approx. 4 hr of EVA).

6.0 Landing Gear

Landing velocity envelope identical to LEM.

T.0 Instrumentation

Status data are periodically transmitted to Earth on
S-Band; abort warning relayed to Shelter,

Taxi checkout in lunar orbit & post-landing will be simi-
lar to LEM,

8.0 Electrical Power

Shelter 50-watt RIG is available for use on Taxi during
the 330-hr gquiescent period.

9.0 Propulsion

Descent stage propellant tanks are to be depressurized
after landing.
Descent trajectory identical to LEM.

10.0 Reaction Control

RCS requirements same as LEM except for extended stay
time storage.
Propellant lines can be allowed to freeze during gquiescent

storage.
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to off-load one descent stage battery because of the reduced energy requirements.
However, this is not recommended, because of reliasbility considerations. For
other mission times, approaching the all-night mission, the water quantity which
has been sized for the most severe mission (all-day) can be off-loaded. The pay-
load capability made available by this off-loading could be used for items such
as film for the Shelter scientific missions.
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Table 2.2-1 (cont,)

Subsystem

Assumptions

11.0 Communications

Transmit vehicle status data only (no experiment
information).

No TV requirement.

Taxi landing site within 1,000 ft of Shelter; therefore,
EVA communications will use in-flight VHF antenna.

12.0 Controls &
Displays

Pre-separation, post-landing & prelaunch checkout aré
assumed not to require any additional controls & displays.
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Table 2.5-1

TAXT SUBSYSTEM ALTERNATIVES

Subsystem Candidates

1.0 [Structure Structural provisions to accommodate
alternates.

2.0 [Stab & Control Status transmissions initiated by Time
Sequencer vs. LGC time sequencing or Earth
up-link.

3.0 |Nav & Guid

4.0 |Crew Prov

5.0 |Environ Cont Transfer RTG excess heat to cabin via heat
pipe vs. direct radiation.

6.0 | 1dg Gear

7.0 | Instrum

8.0 |Elec Pwr Modified IEM descent batteries & RTG vs.
Zn0, batteries & RTG.

Transfer RTG from Shelter vs. carry own
RTG.

9.0 | Propul

10.0 |Reaction Cont Thermal control of RCS clusters with 250-
watt heaters vs. adding thermal cluster
covers.

11.0 | Comm Non-interference of transmission by
changing frequency of S-band equipt vs,

’ right & left circular polarization of

S-band antennas on Taxi & Shelter.

12.0 | Cont & Disp
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3. MISSION ANALYSIS

3.1 GROUND RULES

The following NASA ground rules are unique to the mission analysis:

Characteristics of the Shelter and Taxi missions shall be assembled and
summarized in coordination with NASA/Marshall Space Center

NASA will define the experiments which shall be integrated with the Shelter/
Taxi

Taxil return payload design goal is 250 lb.

3.2 ASSUMPTIONS AND BACKGROUND DATA

The mission related assumptions used in the Taxi mission analysis are as follows:

Shelter is landed and stored on the lunar surface for a period of up to 3
months before the Taxi is launched

Shelter capability to support the lunar mission will be verified by Earth
command before the Taxi is committed to a lunar landing

Taxi will land within 1000 ft of the Shelter, aided by a transponder

A1l Extra Vehicular Activity (EVA) is supported by the Apollo Portable

Life Support System (PLSS)

Only one crewman will be permitted on the lunar surface at a time, except
for emergency situations

All EVA will be monitored by the crewman remaining in the spacecraft (Taxi
or Shelter) .

All criticael Taxi subsystems will be monitored by MSFN during the quiescent
storage

Taxi mission profile from Earth countdown to lunar touchdown is the same as
LEM,

The Taxi mission profile is similar to that of the LEM except for the requirement
to remain up to 14 days on the lunar surface. During this 1k-day period, the Taxi
will be in a quiescent storage mode for approximately 330 hr and in an operational
mode for about 6 hr.

The Taxi/Shelter mission can be divided into five phases:

Shelter prelaunch to lunar touchdown

Shelter storage

Taxi prelaunch to lunar touchdown

Lunar exploration

Taxi ascent to CSM rendezvous and Taxi jettison.

The Taxi is involved in the last three phases, i.e., starting with Taxi prelaunch
up to jettison of the Taxi ascent stage in lunar orbit at the end of the mission,
The sequence of events from Taxi prelaunch to lunar touchdown (Table 3.2-1) have
been assumed to be the same as the LEM mission. Forty-eight hours prior to Taxi
left-off, the Shelter is remotely activated to full operational status. A check

?Awnﬂm
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of all subsystems is made to arrive at some specified confidence level that the
Shelter is operational before commiting the Taxi to the mission.

The lunar exploration phase is assumed to start after Taxi touchdown. The sequence
of events for the Commander and Systems Engineer is shown in Table 3.2-2 for Day 1
of the exploration phase. Following the post-landing checkout and status check, a
20-min rest period is provided during which the crew eats and performs personal
hygiene, Preparation for Shelter inspection largely involves the checkout of the
suits and PLSS units. The Systems Engineer leaves the Taxi and performs a walk-
around inspection and erects the S-band antenna. He then walks to the Shelter in
an estimated 20 min. This traverse is monitored visually by the Commander who
remains in the repressurized Taxi., Therefore, the preferred landing orientation of
the Taxi is with the windows facing the direction of the landed Shelter, After the
Systems Engineer arrives at the Shelter, he completes activation of the ECS and
connects his suit to the cabin suit circuit assembly. A 1l.25-hr interval has been
allocated for a go/no-go decision by the Systems Engineer who performs the Shelter
inspection.

Upon receipt of a go decision, the Commander secures the Taxl for quiescent storage
and activates the time sequencing system for status monitoring. After egressing the
Taxi, his walk to the Shelter is monitored by the Systems Engineer. The Commander
then unloads, activates, and checks out the Local Scientific Survey Module (LSSM)
with assistance from the Systems Engineer, if needed. The RTG unit, requiring
special handling and stowage provisions, is removed from the Shelter descent stage
compartment and transported via LSSM to the Taxi, where it is installed. The RTG
unit provides heat and electrical power required for the Taxi quiescent storage
phase, After re-entering the Taxi to verify satisfactory RTG operation, the Commane
der drives the LSSM back to the Shelter where preparation is made for commencing

the scientific program.

On the 1L4th day of the exploration phase (Table 3.2-3), the Systems Engineer drives
the LSSM and experiment return payload to the Taxi. After performing a visual walk-
around inspection, he enters the Taxi and activates the ECS, The Systems Engineer
monitors the Commander's return to the Taxi; they together transfer the return pay-
load to the Taxi for stowage. One hr is allotted for systems activation and 1 hr
for prelaunch checkout. Taxi lift-off occurs at the completion of the 1lhth day.

The last phase of the mission, Taxi ascent to Taxi jettison (Table 3.2-&), is the
same as the LEM, '

3.3 RECOMMENDED CONFIGURATION MISSION REQUIREMENTS

3.3.1 Life Support Requirements

The ECS expendable requirements for the recommended configuration are reduced
appreciably from the LEM because of the reduced life support time needed for the
two crew men, Table 3.3.1 lists the cabin support time intervals, and Table 3,3-2
lists the portable life support time intervals for the entire mission as computed
from the mission timeline. The total man hours of life support is arrived at as
follows:
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Life Support

(man-hr)
Cabin: 20.8
PLSS: 4.3
Orbital Contingency: 18.0%
43.1

3.3.2 Repressurization Requirements

Although only one repressurization of the Taxi cabin is essential (this on the 1bhth
day for the return mission), the time interval of 2 hr 28 min between egresses
requires a second cabin repressurization of the 1lst day. This permits a shirt-
sleeve environment for the Commander and reduces his energy expenditures. This re-
duction is important in view of the activities required of him upon leaving the
Taxi, Two repressurizations are therefore recommended at this time,

3.4 BASELINE CONFIGURATION MISSION REQUIREMENTS

The mission requirements for the baseline configuration are the same as for the
recommended configuration.

3.5 ENVIRONMENTAL PROTECTION REQUIREMENTS

3.5.1 Meteoroid Hazard Evaluation

The meteoroid environment used is that defined by LEM Specification LSP-470-1.

The sporadic flux is presented as an average isotropic flux that is constant
throughout the regions of space applicable to the AES missions. It is modified

only by the planetary shielding factor determined by each mission trajectory. Shower
meteoroids are not included.

The secondary meteoroid flux ejected from the lunar surface by the sporadic meteor-
0ids is defined only for vehicles resting on the surface. Vehicles in descent or
ascent or in low lunar orbits do not encounter secondary meteoroids.

3.5.1.1 Approach

LEM Specification LSP-4L70-1 presents criteria for defining the meteoroid protection
provided by single- and double-skin areas against both primary (sporadic) and sec-
ondary meteoroids. It does not contain criteria for handling multi-skinned config-
urations and double skins with small separation distances. ©Such situations were
conservatively analyzed by omitting the thinnest skins until the configurations fit
the LEM specification. The analysis was performed for the recommended Taxi config-
uration with no meteoroid shielding assumed in addition to that provided by LEM.

?/wmmaﬂ.
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Approximations were made to estimate the meteoroid protection provided by the Taxi
structure that is composed of spherical and cylindrical shapes enclosed by flat
surfaces. Since the penetration mechanics are very sensitive to the distance be-
tween the bumper skins, the critical areas exposed to meteoroids by spherical and
cylindrical tanks were divided into two sections: the cap area which is an area of
the tank closest to the bumper; and the doughnut area which is a section of the tank
area adjoining the cap (Fig. 3.5-1). The distance from the bumper to the point of
closest approach in each area was used to ensure conservative calculations. The
critical areas were also sized by their cone of exposure to the isotropic flux. A
very conservative 2Pi solid angle was applied in most cases, A nominal critical
area was added to include the effect of such miscellaneous items as black boxes,
wiring, and tubing., Though the ascent and descent stages were utilized for recipro-
cal shielding, the SM was not included in the calculations because of the long dur-
ations in the mission profile where the Taxi and CSM are separated.

3.5.1,2 Computer Program

The Taxi basic design was described in terms of critical areas, exposure periods,
skin thicknesses, and skin separation distances, and the information fed into a
computer program which contained the LEM protection criteria, When a particular
combination of skin thickness and separation distance for a specified critical area
resulted in a bumper skin too thin to melt the meteoroid, the size of the meteoroid
was reduced to the melting point and the probability of such a particle impacting
during the mission was determined.

The program evaluated both an existing vehicle structure for the probability that it
will not be damaged by meteoroids during its mission, and determines those locations
where shielding would be most profitably applied.

3.5.1,3 Micrometeoroid Hazard Results

The Taxi configuration was evaluated for a lk-day stay on the lunar surface. The
results are listed below:

Primaries Secondaries Total
Crew Safety 0.999388 0.995512 0.994900
Mission Success 0.999327 0.994620 0.993947

Crew safety was defined as the probability that no fatality would occur among the
crevw, and mission success was defined as the probability that the mission will not
be aborted by a micrometeoroid penetratlon. Events that are specified as causes of
a crew fatality are:

e Puncture of a manned, pressurized cabin
e Penetration of more than 25% of a high-pressure tank wall thickness.

It was assumed that the descent stage propellant tanks would be vented after the
landing is accomplished, and therefore they would not constitute an explosion
hazard, The cabin was considered to be a crew safety item during the half day it
is manned.
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Events that are specified as cause for aborting the mission are:

® Puncture of the cabin while manned, whether pressurized or not
e Penetration of more than 25% of a pressure tank wall thickness.

A puncture of the Taxi cabin while the men are in the Shelter will not cause an
abort, because the men will not be aware of the penetration. Therefore, the cabin
1s exposed for only a half day in the mission success considerations. Because the
secondaries are the major cause of the low probability of mission success, consid-
erable gains can be obtained for minimum shielding weight. The reason for this is
the prescribed lack of any bumper effect for low-velocity particles. As a result,
the penetrating capability of a secondary meteoroid is mainly dependent upon the
thickness of the back-up material.

About 20% of the probability of penetrstion by secondaries wes contributed by the
three water containers, because one-quarter of the tank thicknesses was used. If
the full tank thickness can be used for this low-pressure container, the total
religbility for mission success will reach 0.995. If patches of additional shield-
ing are placed on the small cap sreas of the RCS fuel and oxidizer tanks, the mis-
sion surcess will reach 0.997. The effects of the water tank thickness change on
the primaries will be small, because of the large distance of the descent stage
water tank from the bumper skin. By adding additional shielding of the patch type
to the cap areas of the ascent stage propulsion tanks, the crew safety re-
liability could be raised to 0.996.

3.5.2 Radiation Hazard Evaluation

The major radiation hazard for lunar missions comes from the high~intensity solar
flare events that are encountered near solar maximum. The statistical model and
spectrum used for AES analyses is the Apollo environmental model documented in LPS
470-1A.

The two potential radiation problems that have tb be considered are:

® A biological dose to the crew in excess of the allowable emergency skin dose
of 500 rad

e Degradation in equipment performance because of prolonged exposure to space
radiation,

The Taxi mission was analyzed with respect to the potential radiation hazard. It is
presently concluded that there is no requirement for additional radiation protection
for the Taxi. It may be necessary to raise the Taxi requirement, if it were decided
to thicken the Shelter cabin structure to provide additional radiation protection
for the Shelter crew on the lunar surface, The Taxi requirement then changes, be-
cause the Shelter crew could now survive more intense solar flares without aborting,
thus possibly necessitating additional protection for the Taxi electronic systems.
In that event, a detailed analysis of possible equipment degradation in the Taxi
during 1% days of lunar storage would have to be performed,

A situation that would result in crew exposure to excessive radiation arises from
the following two concurrent events:

-
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e Onset of a large solar flare
e A failure necessitating an abort which causes a significant delay in
rendezvous,

Since this is a highly imporbable situation depicting two independent events, it
does not impose a design requirement.

3.6 TFUNCTIONAL FLOW DIAGRAMS

This paragraph presents functional flow diagrams for the Taxi mission (Figs. 3.6-1
through 3.6-22), These diagrams define the operations and functions to be mech-
anized to achieve the mission objectives., They also serve as a ready reference,
identifying all the operations and functions associated with a success oriented
flight mission; future work will consider contingencies.

The functional flow diagrams for the Taxi mission have been structured in four
levels. The top level has been structured on an overall program basis and calls

out the hardware, facilities, ground support, and amnufacturing requirements to
fulfill the program activities., The numbering system essentially corresponds

to the LEM Design Reference Mission phase numbering system. The Taxi portion of the
entire AES Program has been numbered from 4.0 through 18.0 in the Top Level func-
tional diagram.

The first-level diagram describes the Taxi mission phases starting with Earth launch
and ending with Taxi-CSM docking and subsequent Taxi jettison. These phases are
represented in the first-level diagram by the operational functions 4.0 through L.11.
It is to be noted that operational functions 4.0 through 4.1l cover the total lunar
landing mission., Since the Taxi is active only during operational functions 4.7,
4.9, 4,10, and 4.11, only these functions are expanded into Second- and third-level
diagrams. ; R
For each box identified in the first-level diagrams, second-level diagrams are
provided for the necessary operations and functions. For most of the operations and
functions listed on the second-level diagrams, third-level diagrams are provided
which generally detail the operations and functions required of the Taxi major sub-
systems to acoomplish the mission obJectives., Specific hardware is not called out,
but rather vehicle functional requirements such as "Provide Taxi - CSM Telecom~
munication Functions," "Provide Required Thrust Duration and Levels," etc.

Functions and operations identified on the diagrams at each level are numbered in

a manner which preserves the continuity of functions and provides information with
respect to function origin throughout the system. Functions which further sub-
divide these top functions, contain the same parent identifier and are coded at the
next decimal level for each indenture, TFor example, the first subdivision function
of function 4.0 is 4.1, the second 4.1.1, the third L4.1.1.1, etc. Each diagram
contains a reference block, For example, function 4.7 is shown as a reference
block in the case where the functions L,7.1, 4.7.2, and 4,7.n, are used to expand
function 4.7. Reference blocks are also used to indicate interfacing functions

as appropriate.

Each separate function is presented in a single box enclosed by a solid line. Blocks
used for reference to other flows are indicated as dotted boxes labeled "Ref."
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The level of detail of each function corresponds to the level of functional Diagram
on which it appears. Lines connecting functions indicate the order in which the

functions must be performed, In indicating the flow with vertical and horizontal
lines between blocks, all functions so interrelated are performed in either a
parallel or series sequence as indicated.

The functional diagrams are laid out so that the functions are performed from left
to right. Primary input lines enter the function.block from the left side; the
primary output or "go" line exists from the right. In some cases of special inte-
rest, a "no go" line from the bottom of the box is shown.

A circle is used to depict a logic gate. The logic gate is used to indicate the
convergence of parallel or alternate functional paths and is annotated with the
terms "AND or "OR", respectively. The term "AND" is used to indicate that all
parallel functions leading into the gate must be accomplished before proceeding into
the next function. The term "OR" is used to indicate that any one of several alter-
nate paths may initiate a succeeding function.
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Table 3.2-1

TAXT PRE-LAUNCH TO LUNAR TD TIMELINE

Time
hr : min

-48 : o0 Remote Activation of Shelter

-10 : 00 Prelaunch Checkout of Taxi

00 : 00 Taxi Lift-off SIC Thrusting

00 : 025 Commence S-II Thrusting

00 : 03 Jettison Launch Escape System

00 : 09 Commence S-IVB Thrusting

00 : 12 Earth Orbit Injection

03 : 01 Commence Translunar Injection on Second Orbit

03 : 06 Commence Initial Coast to Transposition and Docking
03 : 21 Commence Transposition and Docking

03 : 48 CSM Docked - Begin Coast Through S-IVB Jettison

03 : 51 Jettison S-IVB - Begin Coast to Lunar Orbit Insertion
05 : 6 Perform First Midcourse Correction

55 : 30 Perform Second Midcourse Correction

63 : 15 Perform Third Midcourse Correction

64 : 15 _Commence Lunar Orbit Injection

6h : 21 Commence Lunar Orbit Coast

65 : 49 Begin Crew Transfer into Taxi, Commence Preseparation Checkout
68 : L Taxi Separates from CSM

68 : 24 Commence Transfer Orbit Insertion

68 : 25 Commence Coast

69 : 23 Commence Powered Descent

69 : 31 Commence Hover to Touchdown

Touchdown

[oa)
\O
w
n
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LUNAR EXPLORATION - DAY 1

(VI)3-9

Time, hr:min Systems Engineer Commander
From To
Taxi Touchdown Taxi Touchdown
00:00 - 00:15 Post Landing Checkout Status Check
00:15 - 00:35 Eat and Hygiene Eat and Hygiene
00:35 - 01:15 Prepare for Shelter Inspection Assist Systems Engineer
00:15 - 01:28 Egress Taxi Monitor Systems Engineer
01:28 - 01:33 Perform Walk-Around Inspection Monitor Systems Engineer
01:33 - 01:53 Erect & Align, S-band Dish Antenna Checkout of S-band Comm.
01l:53 - 02:13 Walk to Shelter Monitor Systems Engineer
02:13 - 03:33 Clhieckout and Tnspection, Deploy Monitor Systems Engineer
Airlock - Make go/no go decision
03:33 - 03:43 Monitor Commander Secure Taxi for Quiescent
Storage; Activate Status
Communication Link*
03:43 - 03:56 Monitor Commander Egress Taxi
03:56 - 0k:16 Monitor Commander Walk to Shelter
Ok:16 - 05:16 Replace PLSS & Recharge Unload LSSM, Activate and
Checkout
05:16 - 05:31 Monitor Commander Remove RTG and Place On LSSM
05:31 - 05:36 Monitor Commander Drive LSSM to Taxi
05:36 - 05:56 Monitor Commander Install RTG Unit in Taxi
05:56 - 06:06 Monitor Commander Ingress Taxi & Switch Power
to RTG. Check
056:06 - 06:16 Monitor Commander Egress Taxi
06:16 - 06:21 Monitor Commander Drive LSSM to Shelter
06:21 - 06:31 Monitor Commander Ingress Shelter
06:31 - 07:01 Establish Earth Communications Recharge PLSS
07:01 - 07:30 Fat and Hygiene Eat and Hygiene
07:30 - 10:00 General Familiarization Position Same, Photograph Surrounding
Fix and Internal Checkout Terrain from Shelter
10:00 - 12:00 Mission Planning for 2nd Day Mission Planning for 2nd Day
12:00 - 13:00 Eat and Hygiene Eat and Hygiene
13:00 - 24:00 Rest Rest

*Ti%nsmission to MSFN every 2 hr for 7-min, interval until Taxi activation on the
1 day.

gym,m
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Table 3.2-3

LUNAR EXPLORATION - DAY 1k

Time, hr:min Sységms Engineer Commander
From To
0 - 01:00 Eat and Hygiene Eat and Hygiene
01:00 -~ 02:00 Report and Preparation Report and Preparation
02:00 - 06:00 Final Reporting and Final Reporting and
Sample Preparation Sample Preparation
06:00 -~ 07:00 Eat and Hygiene Eat and Hygiene
GT7:00 - 09:00 Sample Preparation Sample Preparation
09:00 - 16:00 Rest Rest
16:00 ~ 17:00 Eat and Hygiene Eat and Hygiene
17:00 - 17:30 Monitor Commander Egress
17:30 - 19:30 Final Preparation of Final Surface Examination
Shelter Interior and Equipment Storage
19:30 ~ 20:00 Egress Ingress
20:00 = 20:48 Load Return Payload into LSSM Monitor Systems Engineer
20:48 - 20:53 Return to Taxi Prepare to Depart Shelter
20:53 - 20:54 Walk around Taxi for Visual
Inspection
20:54 - 20:58 Ingress Taxi and Activate ECS Monitor Systems Engineer
20:58 - 21:08 Monitor Commander Egress Shelter & Secure
21:08 - 21:28 Monitor Commander Walk to Taxi
21:28 - 21:57 Assist Commander Load Experiment Payload
into Taxi and Stow
21:57 - 22:00 Monitor Commander Ingress Taxi
22:00 - 23:00 Activate Taxi Activate Taxi
23:00 - 24:00 Prelaunch Checkout Prelaunch Checkout
2k:00 Ascent Ignition Ascent Ignition




00

00
00
00
00

00
00
01
0l
Ol
0l
01

02 :

Table 3.2-4

TAXTI ASCENT TO JETTISON TIMELINE

Taxi Ascent - Thrusting

Commence Coast
Perform First Midcourse Correction

Perform Second Midcourse Correction

(VI)3-11

Perform Third Midcourse Correction - Coast to Therminal

Rendezvous
Perform First Rendezvous Thrusting
Perform Second Rendezvous Thrusting
Perform Third Rendezvous Thrusting
Commence Manual Docking Maneuver
Hard Dock with CSM
Coast
Begin;Transfer of Payload and Crew to CSM

Jettison Taxi
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Table 3.3-1

CABIN LIFE SUPPORT REQUIREMENTS

hr:min
Phase Sys Engr Cmdr
Taxi prelaunch to lunar TD 03:k1 03:16
Lunar exploration (Day 1) 01:15 03:L3
Lunar exploration (Day 1k) 03:02 02:00
Taxi ascent to Jjettison 02:02 01:37
Subtotal 10:00 10:46
Total 20.8 man-hr
Table 3.3-2
PORTABLE LIFE SUPPORT REQUIREMENTS
Lunar hr jmin
Explorat'n Sys Engr Cmdr
Phase
Day 1 01:28 02:48
Day 1b 00:58% 00:52%
Subtotal 01:28 02:48
Total 4.3 man-hr

¥Chargeable to Shelter Requirements
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Fig. 3.5-1 Micrometeoriod Hazard - Critical Tank Area
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4. SYSTEM ENGINEERING

4.1 THERMODYNAMICS

L.1.1 Ground Rules ]

There were no NASA groynd rules unique to this portion of the study

4.1.2 Assumptions and Background Data

It is assumed that the Taxi thermal control requirements for all mission phases,
exclusive of the lunar surface mission, are identical with the requirements of the
LEM. Therefore, all differences between the LEM and the Taxi are a direct result
of the different lunar surface missions for the two vehicles. The passive thermal
design includes the following features:

e External Surface Radiation Properties

o Ascent Stage: a /e = 0.20/0.25
o) Descent Stage: as/e = 0.25/0.25

e External Surface Insulation Thickness .

o) Ascent Stage: 25 layers
0 Descent Stage: 25 layers

The active thermal control system is designed to supplement the passive control
system to maintain the desired thermal environment within the vehicle. During
unmanned portions of the mission, the minimum cabin temperature is 4O°F and the max-
imum temperature is 90°F. The cabin temperature during manned phases of the mission
will be between TO and 80°F. The general objectives of the Taxi thermal control

are to provide all vehicle components with a suitable thermal environment for all
mission phases with minimum weight penalty and with minimum design changes from the
IEM.

The allowable temperature for the various subsystem components are as follows:

Temperature (°F)

_Ttem Minimum Maximum
Ascent Propellant 4o 90
RCS Propellant ko 100
Ascent Engine (Casing) -65 165
Ascent Engine (Ablative Liner) To be determined
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Temperature(ig)
Ttem Minimum Maximum
RCS Engine (Propellant Valves) 35 175
Battery Surface (Operating) 4o 80
Battery Surface (Storage) -30 4o
Water Tanks Lo 165
Abort Sensor Assembly (Operating) 115 125
Abort Sensor Assembly (Storage) 105 120
Inertial Measuring Unit (Operating) 135 135
Inertial Measuring Unit (Storage) 130 140
Antennas -65 160

These allowable temperature limits show that specific thermal control attention
must be given to such items as the IMU, ASA, batteriles, and descent stage water
tanks.

The results of the Phase A analysis concluded that a close thermal coupling between
the propellant tanks, ascent stage water tanks, and cabin structure, while keeping
the cabin temperature between 4O and 90°F, was the preferred approach. The major
thermal control objective is then reduced to controlling the cabin temperature
within these allowable limits with a minimum weight thermal control system.

4.1.3 Recommended Configuration

During the 1lhk-day quiescent storage period, the temperature variation of the various
components and subsystems within the vehicle are controlled by both passive and

active techniques, and are capable of meeting the demands of either a day or night
mission. The allowable ascent stage structural temperature limits, imposed by
propellant and equipment considerations, are 40 to 90°F. The ascent stage structure
is well coupled to the propellant tanks and life support expendables to help stabilize
the interior temperatures. The ascent stage is thermally decoupled from the envir-
onment by insulation and the use of exterior surfaces having the proper radiation
properties.

4.1.3.1 Passive Thermal Control

Passive thermal control of the Taxi is the same as LEM with the addition of a blanket
of insulation to cover the top docking tunnel and insulated reflectors applied to the
interior of the windows. These are placed in position by the astronaut prior to the
quiescent stay.
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Figure 4.1-1 shows the passive heat loss or gain from the ascent stage cabin during
the lunar surface mission. The heat transfer rate is a function of solar angle and
is shown for various cabin structural temperatures ranging from 40 to 130°F. The.
Taxi is located on the lunar equator and the adjacent lunar terrain is assumed to be
a flat, black body radiator which is in equilibrium with the Sun during the day and
at a constant temperature of -250°F at night.

The heat transfer rate shown in Fig. 4.1-1 is the steady state rate at which heat
is passively transferred between the cabin and the lunar environment. An active
thermal control system, which adds or removes heat from the interior of the cabin
at the same rate as the passive loss or gain, is required to maintain a particular
cabin temperature whenever there is a net exchange of heat with the environment.
Maintaining the cabin at TO°F at sub-solar (O-deg solar angle) requires the removal
of 840 BTU/hr from the cabin. During the night mission phase, heat addition at the
rate of T4O BTU/hr is required to keep the cabin at TO°F.

The important heat transfer paths thermally coupling the recommended Taxi configura-
tion with the external environment include: exterior insulated surfaces, top docking
tunnel (with its insulated cover deployed), and RCS clusters. Thermal coupling,
assumed equivalent to an additional lO%, occurs through the ascent engine, forward
hatch, and antenna.

4.1.3.2 Active Thermal Control

During the lunar surface phase of the Taxi mission, an active heat rejection system
1s required to maintain the desired vehicle thermal balance. This thermal balance
is influenced by:

o Electrical equipment heat dissipation
o Structural heat transfer
o Crew metabolic heat (manned mission phases only).

During a day mission, all loads must be dissipated by the active thermal control
system. During a night mission, the negative structural load (heat loss) is
partially reduced by the electrical equipment load.

Figure 4.1-1 is used to determine the quantity of boiloff water required for cooling
the vehicle during a daylight mission lasting 1l& days. The maximum allowable cabin
temperature during quiescent storage is 90°F; therefore, the positive area between
the 90°F temperature line and the zero ordinate is proportional to the quantity of
water required to dissipate the structural load. This area is calculated by
numerical integration to be 150,000 BTU, which corresponds to 150 1b of water. The
night heating energy required for a lli-day mission with the minimum cabin temperature
gt LO°F is 205,000 BTU. This corresponds to an electrical energy expenditure of

O kw-hr.

4.1.3.2.1 Day Mission Cooling. The active thermal control system for a day mission
uses a slightly modified version of the LEM glycol loop and water boiler. The
glycol loop modification consists of bypassing the IMU during storage to eliminate
the need for simultaneous heating and cooling. Additional water is carried in the
descent stage water tanks, because of the greater cooling requirement of the Taxi
during its lunar surface mission.

?Wm



(VI)L-b

The maximum cabin temperature of 90°F is maintained during the day storage mission
by circulating glycol through the electronic equipment cold plates. It is assumed
that the structural heat leakage into the cabin and the power dissipation from the
electrical equipment can be effectively rejected to the water boiler by operating
the glycol coolant loop on a 25% duty cycle.

4,1.3.2.2 Night Mission Heating. Active thermal control of the Taxi cabin during
a night storage mission is accomplished using the thermal energy rejected by a RTG
as a heat source and using a heat pipe distribution system. The RTG is carried to
the lunar surface by the Shelter; an astronaut transfers the RTG from the Shelter
to the Taxi. A discussion of the heat pipe distribution system is given in Para-
graph 5.2, In this system, heat is transferred by radiation from the RTG to a heat
exchanger containing a volatile liquid. The heat vaporizes the liquid which rises
in a pipe to a condensing section in the ascent stage. The vapor then condenses on
the cold surface giving up its latent heat to the ascent stage and returning by
gravity to the descent stage boiler. The cold condensing surface could consist of
tubes having good thermal contact with the cabin pressure vessel. This system
requires the presence of the lunar gravity field to insure proper circulation of
the fluid.

Preliminary calculations have been made on the use of water as the fluid in the

heat pipe system. Typical operating pressures and temperatures for the system are:
30 psi and 250°F throughout the system when there 1s a demand for heat from the
ascent stage, and 300 psi and 600°F in the boiler and descent stage piping when

no heat is required. The maximum operating temperature is determined by the surface
temperature of the RTG, and the maximum pressure is a function of the total quantity
of water and the volume of the system.

A parametric study has been conducted to determine the suitability of maintaining
the temperature of the entire ascent stage pressure vessel by heating a relatively
small area of the pressure shell. The ability of this small heated surface to then
transfer heat to a larger enclosure depends primarily on the temperature of the
enclosure and the area and emittance of the small heated surface. Figure 4.1-2
shows the mean radiant temperature of a surface transferring a net rate of 500,

750 and 1,000 BTU/hr to a 4O°F enclosure, as a function of the radiating surface
area. The analysis of the ascent stage pressure vessel was performed using a
numerical relaxation procedure that accounted for both radiation and two-dimensional
conductive effects. The effect of thermal conduction is to increase the effective
radiating area, thereby reducing the mean radiant temperature required to transfer
a given rate of heat from a fixed area to its enclosing surfaces. The analysis
used a conductive coupling based only on the 0.03 in pressure vessel thickness,

and neglected any advantage afforded by the conductive coupling of the structural
reinforcing members. The actual conduction tends to lower the required mean
radiating temperature. The small radiating surface area of the cabin is assumed

to have a 0.9 emittance and can be considered as the area to which the condenser
tubes of the heat pipe system are attached.



(VI)h-5

4.1.3.3 Special Thermal Control System T

Various subsystem components cannot be kept within their desired temperature range
only by passive means; therefore, special active thermal control systems are re-
quired. These components are either located outside the ascent stage insulating
blanket, or have limited allowable temperature variations. A tabulation of the
components requiring special active heating systems and their heat or power require-
ments are presented in Table 4.1-1.

4,1.3.3.1 RCS Cluster Heaters. The RCS cluster assembly must be kept above a
minimum temperature during the translunar mission phase to prevent the propellant
lines from freezing. Part of this heat is passively transferred from the cabin
structure, and the remainder must be supplied by electric heaters at each cluster.
The amount of RCS heater energy required for the Taxi night mission is excessive;
therefore, the recommended procedure is to allow the propellant lines to freeze
during night storage and to supply sufficient electrical power to heaters, during
the prelaunch phase, to thaw the frozen propellant lines in approximately 1 hr.
The energy required for thawing the clusters is 1 kw-hr.

4.1.3.3.2 Rendezvous Radar Antenna. The rendezvous radar antenna is located
externally on the top of the ascent stage and requires heater power to survive a
night storage mission. Many electronic components, such as resistors, capacitors,
and transistors, have limited temperature ranges. Beyond these limits, their
performance may alter significantly and preclude proper system operation. Therefore,
heaters are provided by the vendor to keep the components above their survival
temperatures. The total heater power needed to maintain allowable temperatures
during the night mission storage phase is 25 w, assuming that the antenna is
thermally isolated from the cabin structure.

4.1.3.3.3 S-Band Steerable Antenna. The S-band Antenna requires a heater power

of 6 w, not in use, to maintain the antenna steering components above their low-
temperature survival limits. Components such as servo-motors, electronic equipment,
and gimbal mechanisms must be maintained above -65°F.

4.1.3.3.4 Navigational Equipment. The IMUJ and the ASA navigational equipment are
both located in the navigation bay above the cabin. Although they are not exposed
to space, they require precise thermal control (#0.1°F) when in use and must be
maintained at 130 to 140°F (IMU) and 105 to 120°F (ASA) during the storage period.
At present, temperature control of the IMU and ASA (non operative) is achieved in
the LEM by utilizing a cooling loop and heaters. This mode of operation requires
an excess of heater power, since the proportional heater has to over-drive the
cooling loop. The Taxi incorporates a by-pass valve in the cooling loop to by-
pass the IMU and ASA coolant when the units are not operating. The heater power
required by the IMU and ASA to maintain temperature during the night storage
mission is 13 and 7 w, respectively.

4.1.3.3.5 Descent Stage Water Tanks. Transient analysis has established that the
water in the descent stage tanks will freeze unless adequate protection is provided.
Based on the tank support system and the insulation level recommended in the Phase
A Report, 5 w of continuous heating is required. It is assumed that waste heat re-
Jected by the RTG heat source can be put to this use.
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h.l.3.3.6 Descent Stage Batteries. Special thermal control for the descent stage
batteries is required to prevent excess degradation while in storage. The internal
inefficiency of the battery is assumed adequate to compensate for the heat loss
during a night mission; however, it is necessary to supply glycol coolant to the
battery during a day storage mission. It 1s estimated that 4 1b of boil-off water
is required during a day storage mission with the structure at 135°F and the battery
at 80°F.

4.1.4 Baseline Configuration

There are no differences between the Taxi baseline configuration and the recommended
configuration with respect to the thermal control system.

4.1.5 Alternate Configurations

The alternate configurations considered for the Taxi thernal control system include
both passive and active modifications. In general, passive control modifications
will reduce the passive rate of heat transfer between the vehicle and its thermal
environment, while active thermal control modifications influence the manner in
which heat is added, removed from, or distributed within the vehicle.

4.1.5.1 Passive Thermal Control
The alternate passive control devices under consideration include the following:

® Manually deployed insulation covers on the RCS clusters
e Additional T5 layers of insulation on the ascent stage.

A further discussion of these passive design changes is presented in Paragraph 4.1.6.
4.1.5.2 Active Thermal Control

The alternate active control system under consideration consists of an RTG waste
heat system using direct-radiation heat transfer for cabin heating. In this con-
figuration, the RTG is mounted on top of the descent stage in an insulated enclosure
which has one side open to space and another side formed by an exposed portion of
the ascent stage pressure vessel. An insulated hinged panel is placed in the
enclosure between the RTG and the pressure vessel, and the amount of heat transferred
to the cabin is controlled by varying the position of this panel.

The analysis in Paragraph 4.1.3.2 on the use of the pressure vessel for transferring
heat from the RTG to the ascent stage cabin using the recommended heat pipe system
is also valid for the alternate direct-radiation system. In the performance curves
presented in Fig. 4.1-2, the cabin surface area can be considered to be the exposed
Pressure vessel area viewing the RTG.

4.1.6 Discussion of Configuration Choices

4,1.6.1 Passive Design Tradeoff

Studies conducted during Phase A established that quiescent storage during lunar
night represented the most severe of all the Taxi missions considered. This results
because the electrical equipment power dissipated within the cabin during the storage
mission is not enough to replace the passive heat loss from the structure.
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The two approaches to solving the night heating problem of the Taxi during storage
are to either add insulation to the structure thereby reducing the heat leak, or
to have larger power supplies to replace the passive heat loss. Therefore, a
basic tradeoff exists between the addition of insulation to the Taxi structure and
the addition of thermal energy sources for night mission heating.

The following changes to the insulation level of the IEM are considered for the
Taxi:

e Change 1l: LEM insulation level plus an automatically deployed insulation
cover over the top docking tunnel. Weight estimate of tunnel cover is 10 1lb.

e Change 2: Change 1 plus manually deployed insulation covers on the cabin
side of the windows. Weight estimate for window covers is 10 lb.

e Change 3: Change 2 plus manually deployed insulation covers for each RCS
cluster. Weight estimate of RCS covers is 40 1b.

e Change L4: Change 3 plus the addition of 75 layers of NRC-2 insulation to
the existing 25 layers on the ascent stage external skins. Weight estimate
of 75 layers of insulation is 87 1b.

Three sources of thermal energy are considered for heating the Taxi during the night
mission. These sources and an estimate of their power/weight ratio for the lhi-day
storage phase are:

e Batteries: 0.24 w/lb
e RTG - electrical energy: 1.0 w/lb
e RTG - thermal energy (waste heat): 5.0 w/lb.

It is recognized that the power output of the thermal energy sources does not in-
crease linearly with weight, but rather in stepwise manner; however, for this
analysis the linear relation will be used.

Figure 4.1.3 shows the weight of added insulation and also the total weight of
added insulation and power supply for the three power systems considered, as a
function of required heater power. This figure shows that using waste heat from
the RTG for night mission heating results in the lightest total weight. Moreover,
for a particular power supply, the optimum weight of added insulation increases as
the weight of the power supply increases.

Since the recommended configuration Taxi uses RI'G thermal energy for night heating,
a unique optimum insulation level is not determined. This is shown in Fig. 4.1-3
where it can be seen that the total weight of added insulation and power supply is
the same for the LEM insulation level as it is for the recommended Taxi insulation
levels with added docking tunnel cover and with added window covers.

There are other factors which influence the tradeoff between extra insulation and
additional active heat sources, which have not been included in the analysis to date.
These are the staging penalties applied to the weight of insulation added to the
ascent stage, and the reduction in the weight of boiloff water required for cabin
cooling during a day mission resulting from the addition of insulation.
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Based on the evaluation to date of the factors influencing the insulation level
weight tradeoff, it is recommended that the top tunnel insulation and the window
shades be used for the recommended Taxi configuration. As better estimates of the
weight of both the insulation covers and the power supply become available, these
considerations will be reviewed, and if necessary, changes recommended.

4,1.6.2 Active Heating Source Selection

The advantages of the direct radiation RTG system over the heat pipe system are

that the former adds no weight to the ascent stage and also requires no gravity
field. The disadvantage is primarily a human factors consideration. Since the
astronaut must transfer the RTG from the Shelter to the Taxi, placing the RTG on

top of the descent stage would probably require the addition of a mechanical lifting
system. For the heat pipe system, a lesser effort is required in placing the RTG
in a side bay of the descent stage. Based on this consideration, the heat pipe
system was selected as the recommended configuration.

4.1.6.3 Transient Analysis

The estimated heating and cooling loads for the ascent stage given in Paragraph
4.1.3 are based on steady state conditions which are valid only if the vehicle has
no appreciable heat capacity, and only if the entire vehicle structure located
within the insulation blanket is at a uniform temperature. No allowance is made
for the stabilizing effect of the vehicle mass absorbing, or releasing, appreciable
quantities of heat as the cabin temperature varies within its acceptable limits.
The vehicle heat capacity prevents rapid temperature changes of the cabin, and
thereby constitutes an element of conservatism in the estimated heating and cooling
loads.

The transient response of a simplified model of the Taxi ascent and descent stages
has been determined\using a digital computer program. The model reduces the descent
stage to 21 constant temperature elements, and the ascent stage to 17 elements. The
elements chosen for the computer model are those vehicle components having the most
significant influence on the vehicle transient response. Among the vehicle elements
included in the simple model are: the exterior surfaces, cabin structure, propellant
tanks, water tanks, and propulsion engines. The cabin structure was divided into
three elements; these are: the cabin pressure vessel forward of the +Z27 bulkhead,
the pressure vessel and structure located between the +727 and -Z27 bulkheads, and
the structure and equipment located in the aft equipment bay.

The thermal model accounts for heat transfer between the ascent and descent stages,
and between the vehicle external skins and the lunar environment. The influence of
both the RCS clusters and the docking tunnel on the ascent stage balance is also
included in the computer program. For this analysis, the ascent engine radiation
coupling with its external environment was reduced by an order of magnitude. This
can be achieved by the application of one layer of NRC-2 insulation (0.0002-in.
thick) to the exposed portions of the engine. The insulation layer is perforated to
vent any leaking gas. The engine was insulated because initial computer runs in-
dicated excessive heat loss from the cabin via the ascent stage engine.

The range of thermal environments the Taxi could encounter during a li-day lunar
surface mission is sufficient to vary component temperatures beyond allowable limits.
Therefore, active internal heating and cooling of the ascent stage cabin is required.
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It has been assumed that limiting the allowable range of cabin structural tempera-
ture between 40 and 90CF will keep the temperature variations of most of the Taxi
subsystems and components within allowable limits. Separate active temperature
control systems will be provided for the vehicle components and subsystems which
the cabin temperature control system cannot stabilize. These special thermal con-
trol systems were discussed in Paragraph 4.1.3.3.

Figures 4.1-4 and 4.1-5 show the transient thermal response of the cabin and pro-
pellant during the two most severe lunar surface missions. Figure 4.1-4 represents
a 336-hr night mission and Fig. 4.1-5 represents a 336-hr day mission. Both missions
begin at a terminator with the vehicle at a uniform temperature of T0CF. During
the quiescent storage of both missions, no attempt is made to control the tempera-
ture of the cabin structure until it reaches its allowable limit. For the night
mission analyzed, no heat is internally generated until the temperature of the mid-
cabin structure drops to 40CF. At this temperature, sufficient heat is supplied to
the cabin to stabilize its temperature. This mission is shown by the solid lines in
Fig. L4.1-4. The dashed lines in Fig. 4.1-4 are the continuations of the initial
cooling rate curves which predict the vehicle temperature history for the remainder
of the night mission, if no heat is supplied to the cabin.

The vehicle temperature history during a day mission, with a constant internal heat
load of 45w, is shown in Fig. 4.1-5. For this case, no heat is removed from the
cabin until the mid-cabin structure reaches 90°F, at which time the ECS becomes
operative and stabilizes the cabin at this temperature. The dashed continuation of
the day mission heating curves predict the vehicle temperature history for the re-
mainder of the day mission, if no cooling were provided.

A summary of the pertinent results of the computer analysis for these two missions
is presented in Table 4.1-2. Maximum and minimum temperatures of selected elements
of the Taxi are included in this table.

The results of the combuter analysis for the night storage mission in which the
cabin temperature is maintained at 4OOF shows that the following elements are below

their allowable temperatures:
Night Mission Minimum Temperature (°F)

Computer

Element Allowable Prediction
Ascent Stage Oxidizer Tank Lo 37
Ascent Stage Water Tank Lo 33
Ascent Stage RCS Propellants 4o 31
Descent Stage Water Tank %0 =41
Descent Stage Batteries Lo -39

The difference between the allowable and the computer predicted minimum temperatures
of the ascent stage oxidizer, water, and RCS propellant tanks is not sufficiently
large to require special active thermal controls, such as heaters. This tends to
confirm the belief that by actively controlling the temperature of the cabin
structure, the temperature of the fuel and water tanks located in the side bays of
the ascent stage will be passively stabilized. The problem remaing to investigate
methods of limiting the minimum temperature of these liquids to LOCF during a night
mission. This can be accomplished either by raising the minimum cabin temperature
above LOOF, by further decoupling these tanks from the environment by addition of

?Mﬂwm
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insulation, or by some combination of these two approaches. The difference between
the allowable minimum and the computer predicted descent stage battery and water
tank temperatures are sufficiently large to conclude that these items require
special thermal control. This was discussed in Paragraph 4.1.3.

The results of the day mission transient with 45-w internal heat load shows

(Fig. L4.1-5 and Table h.l—2) that day storage is a much less severe surface mission
than the night storage mission. With a uniform temperature distribution of TOCF at
the start of a daytime storage mission, little cabin cooling is required for pro-
pellant survival. Therefore, additional computer investigation was undertaken to
investigate the influence of initial vehicle temperature on stay time cooling water
requirement. The initial temperature distribution for the storage mission depends
primarily on the vehicle orientation and active thermal control operation during
the translunar mission.

Since the IEM can land on the Moon with its allowable propellant temperatures any-
where between 50 and 90°F, the worst possible case for the Taxi is an initial
temperature of 90°F. The cooling water requirements for both the structural and
45-w equipment loads, as determined by both steady state and transient analysis for
different initial temperatures, are as follows:

Initial Cooling Water
Analysis ' Temperature (°F) Required (1b)
Steady State any 200
Transient T0 12
Transient 90 6l

The recommended Taxi design is based on thermal control water requirements deter-
mined by the steady state analysis. The transient analysis results indicate a
weight reduction of at least 100 1lb, and a possible elimination of any water re-
quirement during the storage mission.
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Table 4.1-1

SPECTAL HEATER REQUIREMENTS DURING A NIGHT MISSION

Quiescent Storage Mode - Cabin Temperature LO°F

Component Beater Requirement, watts

RCS Clusters* 1,000
Rendezvous Radar Antenna 25

S-Band Steerable Antenna 6

MU 13

ASA I

Descent Stage Water Tank¥*¥ >

Descent Stage Batteries 0

¥Required for 1 hr during prelaunch checkout to thaw frozen
propellant lines.
¥*¥Provided by waste heat from RTG.
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Table 4.1-2

TEMPERATURE EXTREMES DURING STORAGE PHASE

Night Storage Mission

Minimum Temperature, °F

Day Storage Mission
Maximum Temperature, °F

Element Cabin Heated Cabin Cabin Cooled No Cooling
at LOOF Unheated at 90°F Provided
Fwd 38 0 92 96
Cabin Mid# Lo 0 Q0 95
Ascent
Stage Aft 3k -3 95 99
Fuel Tank L1 26 85 87
Oxidizer Tank 37 12 79 81
Water Tank 33 0 93 96
RCS Propellant Tanks 31 2 85 87
Water Tank*¥* =41 -4k 93 93
Descent .
Stage
Batteries*¥ -39 -4l 91 91

#Active thermal control is achieved by adding or removing heat from this
element of cabin structure.
*¥¥Special thermal control required which was not included in computer

analysis.
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4,2 INTEGRATED GUIDANCE & CONTROL

4L.2,1 Ground Rules

The following ground rules were applicable to this area:

® Taxi shall have the ability to make a transponder aided landing;
® Anytime abort shall be retained when possible.

4.2.2 Assumptions and Background Data

It is assumed that relationships between the lunar orbit characteristics and the
Earth injection parameters will be established by NASA.

Abort from the lunar surface may be conveniently divided into the following cate-
gories: anytime, conditional, and partial.

The condition implied by anytime abort is that abort capability is provided during
a 12.8-min launch window at least once during each pass of the CSM for the duration
of the lunar stay. In addition, the CSM must have the capability to rescue the
Taxi from a 50,000-ft orbit. This requires that out-of-plane AV requirements be
drawn within the limits of the Taxi propulsion system.

For a conditional abort, the CSM rescue requirement is relaxed, and all the CSM
rescue AV is assumed to be available for plane change. Conditional abort précludes
the possibility of certain types of ascent propulsion system failure, i.e., it
assumes that likelihood of such failure is low enough to be negligible. Whern this
assumption is not feasible, the rescue procedure must revert to anytime abort.

Partial abort requires that the capability for conditional abort be provided for
some percentage of the lunar stay. If the likelihood of failure of Taxi systems
during quiescent storage on the surface is found to be minimal, the inability to
abort for a limited time will not seriously degrade the probability of crew safety.

4.,2,3 Recommended Configuration

The LEM and Taxi requirements differ in terms of location of nominal landing
sites, increased stay time, and increased return payload requirements. In addition,
the Taxi has the requirement to land within walking distance of the Shelter.

4.2.3.1 Transponder Aided Landing

The Taxi descent profile is identical to LEM down to the powered descent phase,
During the powered descent phase (Fig. 4.2.1), the Taxi differs from the LEM in
that a transponder aided landing is assumed to be the primary landing mode. Since
a rendezvous radar search mode for transponder acquisition is not provided in the
LEM, the typical non-transponder descent must be modified. Phase II of the trans-
ponder descent is initiated at a greater surface range (20 vs 7 n.mi) and at a
higher altitude (36,000 vs 10,600 ft), with a resulting fuel expenditure penalty
(i.e., Avpenalty) of 238 fps.
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The design objective of a rendezvous radar/transponder aided system is to land with-
in 200 ft of the transponder, This objective was met on all computer runs performed
at Grumman under assumed rendezvous and landing radar error models.

4.,2.3.2 Effects of Anytime Abort on Surface Stay-time and Return Payload Capability

The abort criteria were varied from a requirement for Taxi abort at anytime with
maximum paylcad to a requirement in which limited abort capability is specified
and interacticn waith lunar stay and payload capability was investigated. The
resulting effects can be summarized for a landing at Alphorsus as follow:

e If the mission objective requires the capability for a Taxi abort at any-
time, with the added safety of the capability for CSM rescue, and, if provisions
must be made for a 250-1b payload return at anytime thrcughout the lunar stay,
then a maximum stay time of 7.15 days can be achieved.

e If the mission objective is merely to return a 250-1b payload at the nominal

time specified for ascent, a lunar stay of up to 10.2 days can be achieved
while retaining Taxi anytime abort capability.

e If the AV allocated to the CSM for Taxi rescue can be used to increase the
plane-change capability of the combined CSM/Taxi system, a lunar stay of up
to 13.2 days can be achieved.

e If the mission objective is to retain abort capability only for a short
period (critical time) after landing and prior to ascent, lunar stays in
excess of 14 days can be achieved.

4,2,3.2.1 General Abort Procedure. The ascent used in the normal abort requires
three thrusting maneuvers. The first impulse provides ascent to a 50,000-ft park-
ing orbit, at a heading angle determined by the out-of-plane displacement at launch,
The second impulse occurs at the mode (i.e., the intersection of the parking orbit
with the plane of the CSM orbit). This simultaneously performs the plane-change
and initiates a Hohmann transfer to 80 n.mi., Note that performing both maneuvers
concurrently requires an on-time launch (i.e., an instantaneous launch window),
since there is no provision made for phasing with the CSM. The third burn circu-
larizes the Taxi orbit at 80 n.mi to prepare for the docking maneuver. This type
of ascent has many advantages compared with the "direct ascent'" which does not
utilize a parking orbit. OSome advantages are the following:

e The Nominal boost pitch profile will be independent of both the out-~of-
plane displacement and the deviation between nominal and actual launch time

e As noted above, the heading angle (launch azimuth) depends only on the out-
of-plane displacement, whereas in a direct ascent, the exact position of the
CSM in its orbit must be considered

® Given equal AV and payload requirements, greater out-of-plane displacements
can be tolerated in a parking orbit ascent. Similarly, greater launch
windows are available for equal out-of-plane displacements

e The taxi must traverse a downrange central angle of approximately 270
deg to be in position to rendezvous. This enables Farth ground-tracking
with MSFN to monitor the rendezvous maneuver.

The AV requirements associated with the parking orbit technique discussed above, and
used in Table L4,2-1 for propellant calculations, were based on the following:

?MM
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Curves in which § , 1s fixed, and 61 and 52 vary simultaneously show increases of
about : ”

e 0.6 day/deg for anytime abort
e 0.4 day/deg for conditional abort.

It is possible to further increase the stay time by having the CSM perform a plane
change maneuver shortly before point B (Fig. 4.2-2) is reached; that is allowing the
CSM to expend some of its AV to change its orbit and reducing 53 accordingly (Fig.
L.,2-5).

It appears at first glance that the time gained by this maneuver is quite substan-
tial. However, 1t must be remembered that a, (Fig. 4.2-5) like 63, has an upper
limit of 7.38 deg. Performing the maximum plane change at the optimum position
(the zenith of trace I) still leaves trace II well west of point C, rather than
between C and D. Nonetheless, increases 1n stay time of more than a day result in
many cases, as 1s shown in Fig. 4.2-6 and k.2-7.

Figure L4.2-6 illustrates stay time vs landing site latitude fora= 1.5, 4.5, and

7.5 deg. It will be noted that a stay time of 12.8 days is possible at Alphonsus

(13 deg S, 2 Deg W). Whena= 7.5° Figure 4.2-7 shows explicitly what is gained as

a direct result of the plane change as a function of latitude. A further possibility
to be looked into is that of a number of smaller plane changes ai’ such thachxi = a

L.2.3.2.k Effect of Partial Abort on Stay Time. Figure 4.2-5, with one modification,
may also be used to represent the partial abort criteria. The modification is that
the requirement i = © +§ , is now relaxed; that is, the inclination of the CSM

Oorbit is increased so that for a limited time, the Taxi is too far out of plane for

a conditional abort, and 63 in Fig. 4.2-5 would now lie on either side of the Zenith
of I. The gquestion as to~how large a percentage of the mission can be tolerated

in the "no abort" region remains to be explored. However, some representative cases
are displayed in Fig. 4.2-8.

In general, the partial abort configuration has a much larger effect on stay time at
high latitudes than at low latitudes. Within a few degrees of the equator, in fact,
the stay time decreases as the CSM orbit inclination increases. This will also be
reflected in the next paragraph in Fig. 4.2-12 and -13, in which the stay time does
not seem to increase appreciably in the partial abort case as compared with the
conditional abort.

4.,2.3.2.5 Correlation of Payload and Stay Time. A knowledge of the plane change
required of the Taxi to abort at anytime during the mission is sufficient, using
Fig. 4.3-1, to generate curves showing payload capability as a function of stay time.
Assume that the target is to provide the capability to launch a payload of 250 1b
throughout the lunar stay. As mentioned earlier, preliminary results indicate that
the Taxi can do this and still perform a plane change of 1.8 deg. Imposing the re-
striction that the Taxi always shall be within 1.8 deg of the CSM plane, the
maximum stay time for a landing at Alphonsus (13 deg S, 2 deg W) is 7.15 days. Stay
time is displayed as a function of latitude for this case in Fig. 4.2-9. If it is
sufficient merely to return a 250-1b payload at the nominal ascent, it is only
necessary to specify §, = 1.8 deg. The rest of the lunar stay can proceed according
to the normal abort modes as previously defined. The stay times are then: anytime
abort, abort, 11.7 days with no CSM plane change, and 13.2 days with a CSM plane

CONFIDENTIAL
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change of 7.5 deg; and partial abort, perhaps up to 15 days. Fig. 4.2-10, -11, and
-12 show payload vs stay time for an Alphonsus mission assuming, respectively, each
of the abort criteria. In each case, some payload capability is provided for
slgnificant portions of the stay, and 250 1b is provided at nominal lift-off. For
each case a 2-deg out-of-plane descent and a maximum plane change ascent stage (i.e.,
a vehicle weighing 10,465 1b) is assumed.

At first glance, it appears that payload capability can be increased by allowing the
CSM to perform the ascent plane change wherever possible. However, because of
transearth trajectory requirements, the CSM must keep its AV in reserve, and thus,
Fig. h.2-10, -11, and -12 were generated by assuming that the Taxi performs the
plane change wherever possible.

4.2.3.2.6 Correlation with Transearth Trajectory Requirements. All the results
above were generated independent of the requirements of the transearth phase of the
mission. The minimum AV required for a transearth inﬁection is a rather complicated
function of the stay time. For an Alphonsus mission using the abort techniques
described in this report, the AV margin is very small until about 3 days into the
mission, since the injection window lies in the northeast quadrant, and the CSM
ground trace begins in the southeast and northwest quadrants. The situation again
becomes serious about 12 days later. A preliminary study was made of the conditional
abort from Alphonsus, with respect to transearth injection. Fig. 4.2-13 shows the
AV available for injection and the AV necessary for injection as a function of stay
time. The dip in the AV available curve represents the CSM role in Taxi rescue,
and the sudden drop is a result of the CSM plane change at 10.5 days. From Fig.
4.2-13, it can be seen that for significant parts of the mission, substantial margins
for injection AV exist. Thus, trade-offs between these margins and both the rescue
and payload capability are possible and must be studied. These trade-offs may yield
considerable increases in stay time and/or maximum launch payload.

4.2.3.2.7 Extended Waiting Time in Parking Orbit. Additional AV may be obtained
for Taxi rescue if the AV used during the deboost into lunar parking orbit can be
minimized. In some cases a more favorable translunar trajectory may be chosen.
However, for an Alphonsus landing, most such trajectories would leave the CSM orbit
too far out of the plane of the landing site for a Taxi descent. Waiting in orbit
for some additional time, until the landing site is within range, or waiting after
ascent for a favorable trans-earth trajection to become accessible may offer a
solution. In the case of an Alphonsus landing, the latter appears to be more
promising and will be studied further.

4.2.k Baseline Configuration

The baseline configuration used for the Taxi is the same as the recommended con-
figuration described in Paragraph 4.2.3.

L.2.5 Discussion of Configuration Choices

Performance capabilities of the Taxi are strongly dependent on operational flight
plans and decisions. There is a particularly significant relationship between the
lunar orbit characteristics and Earth injection parameters.

A1l the NASA objectives for lunar stay time and payload return capability at the
designated landing sites can be met. However, some compromise of stated abort
criteria and redistribution of theAV budget for both the Taxi and the CSM must be
made (from that for the nominal Apollo/LEM mission). The necessary changes appear
reasonable, and appropriate direction from NASA is anticipated during the early
portion of the Phase C.

CONFIDENTIAL ?mwm
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e Using a digital simulation of the equations of motion and the PNGCS, a AV of
601k fps was computed for the powered ascent from lift-off to a 50,000-ft
circular parking orbit. The trajectory was computed for a 10,850-1b ascent
stage and included a 12-sec vertical rise prior to initiation of the pitch
maneuver.

e Plane change and transfer AV's at the CSM-Taxi orbit node were computed
impulsively, assuming a Hohmann transfer.

e T75-fps AV for mid-course was based on the figures quoted in Apollo Space-
craft AV Budget, MSC Internal Note No. 65-FM-56.

e O7-fps AV requlred for circularization and rendezvous at 80 n.mi was com~
puted impulsively and assumes a Hohmann transfer.

e 25-fps AV required for docking was based on figures gquoted in the Apollo
Spacecraft AV Budget, MSC Internal Note No. 65-FM-56,

4.2.3.2.2 Plane Change Capability. Paragraph 4.3 presents an analysis of the Taxi
return payload capability as a function of ascent stage weight, propellant quantity
and plane change during the second burn of the parking orbit ascent (Fig. 4.3-1).
Based on this analysis, the Taxi is capable of maximum plane change of L.,45 deg with
a minimum lunar launch gross weight of 10,464 1b and zero payload. A nominal launch
with a 250-1b payload can be accomplished with a 1.,8-3eg plane change and a Taxi
gross weight of 10,710 1b.

In addition, the CSM has enough AV allotted for an additional 7.38-deg plane change
per Apollo Spacecraft AV Budget, MSC Internal Note Nol 65-FM-56. Thus, the maximum
plane change for anytime abort is 4.45 deg, and for conditional abort is 11.83 deg.

4.2.3.2.3 Effects of Anytime and Conditional Abort on Stay Time. The problem of
maximizing the stay time, as is illustrated in Fig. 4.2-2, is the problem of making
optimum use of the three out-of-plane capabilities: during ascent (61), during
descent , and for emergency abort The small circle arc AB, lying on the
parallel o% latitude = 8 deg, is the patg of the landing site relatlve to the CSM
orbit trace as it precesses. In the configuration shown in Fig. 4.2-2, an emer-
gency abort would require the maximum plane change (8,) at only one point during
the entire stay. Similarly the maximum descent and aScent plane changes (62 and
al) are only required at points A and B. )

The CSM remains in a fixed 80-n.mi circular parking orbit of inclination i = ©+§
whick precesses from east to west (in selenographic coordinates). The larger part
of this precession is due to the Moon's rotation of 13.177 deg/day and is east to
west. The lesser part, due to the tri-axiality of the Moon, equals 1.243 cos i, and
is west to east (e.g., an equatorial orbit processes at 11,937 deg/day). Without
the triaxiality term, stay time vs landing site latitude displays a marked symmetry
around © = (90 - 6.)/2, for which stay time is a minimum. The regression-distorts
this symmetry somewhat.

Figures 4,2-3 and L.2-l demonstrate the effect on stay time of varying 6, while §;
and §, are fixed at zero for anytime and conditional aborts, respectively. As was
alreagy apparent by virtue of the symmetry exhibited by Fig. 4.2-2, the effect on
the stay time of changing &, is exactly equivalent to the effect of changing 62 by
the same amount. Curves in which §_ is fixed at its maximum value while either §
or 62 is varied (and the other is fixed) shows an increase in stay time of about:

e 0.3 day/deg for anytime abort

e 0.2 day/deg for conditional abort.

CONFIDENTIAL
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Phase C efforts should be directed to achieving early definition of the operational
philosophy which will allow the performance of error analyses and agreement between
NASA and the associate contractors upon a "nominal" AV budget.
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Table 4.2-1

TAXI AV REQUIREMENTS (W, = 10,820 1b)

Plane Change, deg
0 1 2 3 4 4.8

Mission Phase

Powered Ascent to

50, 000-ft Circ. Orbit 6014 6014 6014 6014 6014 6014
Plane Change & Transfer* 99 138 217 306 399 473
Midcourse 75 75 75 75 75 75
Rendezvous 97 97 97 97 97 97
Docking 25 25 25 25 25 25
TOTAL 6310 6349 6428 6517 6610 6684

*Plane change & transfer performed with one impluse.

612 Taxi out-of-plane angle
at normal launch

do: Taxi out-of-plane angle
at landing

d3: Max. Taxi out-of-plane
displacement during
stay.

CSM Orbit
Equator Trace

Moon

Fig. 4.2-2 Geometric Representation of Typical Taxi Mission

CONFIDENTIAL
Ghanan



(VI)k4-26

Landing Site Latitude, deg

Landing Site Latitude, deg

83> deg 1.0 2.0 3.92

-
80 |- ’
L
60} Notes: (Both Diagrams)
81 : Taxi Out-of-Plane Angle at Normal Launch
- 89 : Taxi Out-of-Plane Angle at Landing
69 : Max. Taxi Out-of-Plane Displacement During Stay
40 1 = 0y = zero
20p
0 i 1 I —r . A 1 = cendi B e | C— ]
2 4 6 8 10 12 14

Max. Stay Time, days

Fig. 4.2-3 Maximum Stay Time-Anytime Abort

) 7.3 9.3 11.3
80 F
60 |
- Note: (This Diagram)
Assumed CSM Plane-Change Capability = 7.5 deg
40
204
0 — S N N U i A n 1 1
6 10 12 14 16 18 20 22

Max. Stay Time, days

Fig. 4.2-4 Maximum Stay Time-Conditional Abort
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0= Ldg Site
Latitude

—

Lunar Equator

Fig. 4.2-5 Mercator Projection of Taxi Conditional Abort Geometry

80
b0
S
~ 60F : CSM Plane Change at 10.5 days
3 : Out - of - Plane Angle at Normal Launch
:§ 9% Out- of - Plane Angle at Landing
= : Max Out - of - Plane Displacement
j 40 | During Stay
-
a Both Curves:
&
£ 2} 61—62—2deg
§ 8, =11.78 deg
0 1 L 1 I 1 J
8 10 12 14 16 18 20
Max Stay Time, days
Fig. 4.2-6 Maximum Stay Time-Conditional Abort with CSM Plane
Change
80
o0
()
<
o 60F
!
2
£ )
3
2 40 | -
0
o0
g
o] 20 p
g
|
0 1 1 1 L 1 J
0 0.4 0.8 1.2 1.6 2.0 2.4

Time Gained due to 7.5 deg CSM Plane Change, days

Fig. 4.2-7 Effect of CSM Plane Change on Stay Time (Conditional Abort)
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4.3 REACTION CONTROL AND PROPULSION

4.3.1 Ground Rules

The following ground rules were applicable to this area:

e The propulsion capability of either the ascent or descent stage is not to
be exceeded

e The Taxi shall have the ability to make a transponder aided landing

e Anytime abort shall be retained when possible

e Taxi payload design goal of 250 lb.

4.3.2 Assumptions and Background Data

The Taxi mission is identical to LEM to the powered descent phase. During the
powered descent phase, a transponder aided landing is assumed to be the primary
landing mode, with a resulting fuel expenditure AV penalty of 238 fps (see Section
4.2.3).

For the analysis of the RCS and propulsion requirements during the ascent phase of
the mission, the following assumptions were used:

e Mission phase AV requirements are as shown in Table 4.2-1
® Main engine specific impulse = 306 sec
@ RCS engine specific impulse = 230 sec for all RCS AV thrusting periods

® Jd (AV = -2350 ft./sec

d (T/wo) 1bf/1bm

o During powered ascent, the maximum moment unbalance = 500 ft-1b
® AV required for propellant ullage settling is 17 fps.
e Taxi inert weight immediately after docking is 5040 1b; this includes both

main and RCS residuals as well as 2 1lb of GOX.

The approach taken to propellant loading to compute payload capability is extreme-
ly important since one can be traded for the other on almost a one-for-one basis
(i.e., 1 1b of propellant is required for each pound of payload). The philosophy
of loading taken here was as follows:

Main propulsion was assumed to provide the total AV necessary for powered ascent,
Hohmann transfer, and plane change requirements with no cg moment unbalance. To
this was added sufficient reaction control propellants to allow for a maximum cg
moment unbalance of 500 ft-1lb during powered ascent, plus propellant for non- AV
attitude maneuvers.

Assuming that ullage settling, midcourse corrections, rendezvous, and docking

are all accomplished by the RCS, sufficient propellant was loaded to provide a
total AV of 214 fps plus 17 fps for ullage settling. RCS propellant for non- AV
maneuvers and contingency requirements was also included to complete the RCS tank
loading. This philosophy of main engine and RCS propellant loading for Taxi
ascent compares very nearly to the LEM. The use of this philosophy for the Taxi
has two advantages; first, it insures that sufficient propellant is provided to
take care of the two extreme cases of cg moment unbalance, i.e., no unbalance and
500 ft-1b unbalance; and secondly, it provides sufficient main and RCS propellants
to meet the LEM AV budget which includes all flexibility and 3 ¢ AV allowances.

CONFIDENTIAL
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4.3.3 Recommended Configuration

The Taxi payload capability is shown in Fig. 4.3-1 as a function of plane change
requirements and gross lift-off weight. Two conclusions can be drawn from this
figure:

e A Taxi payload capability of 250 1b can be achieved with a 1.8 deg plane
change capability by completely filling the main ascent propellant tanks
(5017 1b usable propellant). This corresponds to a Taxi lunar lift-off
weight of 10,720 1b. .

¢ The maximum plane change capability of the Taxi is L4.hk5 deg and corres-
ponds to zero payload capability with full propellant tanks. Taxi 1ift-
of f weight is 10,464 1b.

An estimate of RCS and main propellant requirements for a Taxi ascent has

been calculated and is shown in Tables 4.3-1 and 4.3-2. The assumption and phi-
losophy of propellant loading used in this analysis are as described in Section
4.3.2. In addition, the loadings shown correspond to a 250 1b return payload and
& Taxi plane change capability of approximately 1.8 deg.

h.3.4 Baseline Configuration

The baseline configuration used for the Taxi is the same as the recommended con-
figuration described above.

4.3.5 Alternate Configuration

No alternates were considered during this study.

4.3.6 Potential Modifications Per Flight

No per flight modifications were considered.
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MAIN PROPULSION-PROPELLANT LOADING FOR TAXI ASCENT

CONFIDENTIAL

Table 4.3-1

Mission Event AV, Isp, Main
ft/sec Sec Propellant,
1b
Lunar Launch to 50,000 ft 6007 306 4898
Hohmann Transfer & Plane Change
1.8 deg 200 306 118
Trapped and Residuals - - 126
Total Propellants 5142
Table 4.3-2
REACTION CONTROL-PROPELLANT LOADING FOR TAXT ASCENT
Propellant
Which does Propellant Total
Not Which Propellant
Contribute _Contributes Req'd. for
Mission Phase AV, AV, Mission Phase,
1b 1b 1b
Ascent
Lunar Launch to End of
Insertion to Hohmann (27.7) (181.3) (209.0)
Ullage Settling ( AV) 8.1 8.1
cg Compensation ( AV) 173.2 173.2
Attitude Control-Maneuvers h.o k.o
For Contingency Orbit 23.7 23.7
Coast Mid-course Corrections
Rendezvous Docking (21.3) (162.2) (183.5)
Translation ( AV) 162.2 162.2
Attitude Control-Maneuvers 21.3 21.3
Contingency for Single Tank
Failure at Rendezvous (21.0) (21.0)
Total RCS Propellants L13.5
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4.4 CREW SYSTEMS

L. 4.1 Ground Rules

There were no NASA ground rules unique to the Crew Systems Analysis.

L. 4.2 Assumpticns and Background Data

It was assumed that the crew life-support and human-engineering requirements for the
Taxi are the same as for the LEM.

b.4.,3 Crew Functions

The mission profile, or sequence of events, from Earth launch to lunar surface touch-
down, in the vicinity of the Shelter, is assumed to be identical to the LEM. How-
ever, after touchdown the sequence of events are as described in Section 3, Mission
Analysis.

During the first day, the Commander and Systems Engineer will coordinate their
efforts to:

e Inspect, checkout, and deactivate the Taxi
e Inspect and checkout the Shelter

e Transfer RTG from Shelter to Taxi

e Prepare Shelter for habitability

e Plan mission EVA exploration procedures

During the lbth or final day of the mission, the crew will:

Deactivate Shelter

Transport payload to Taxi

Inspect, checkout, and reactivate the Taxi
Lift-off, rendezvous, and docking with CSM

Subsequent to the post-landing Taxi checkout by the crew, the Systems Engineer dons

a PLSS, leaves the Taxi, walks to and inspects the Shelter. Following the inspection
period of approximately 1 hr and 20 min, a go/no-go decision is made. Assuming a

go condition, the commander then secures the Taxi for quiscent storage (Table k.L-1.).
He then dons a PLSS, leaves the Taxi, and walks to the Shelter.

With the assistance of the Systems Engineer, the Local Scientific Survey Module
(LSSM) is deployed, checked out, and activated. The RTG is disconnected, removed
from the Shelter and loaded onto the LSSM. The LSSM is then driven back to the Taxi
where the RTG is unloaded, installed in the Taxi, and checked-out. The Commander
again boards the LSSM and returns to the Shelter (Table L.L4-2).

Following completion of the lunar exploration phase, the crew departs the Shelter
and traverses to the Taxi, possibly on the LSSM. The Systems Engineer boards the
Taxi while the Commander conducts a walk-around inspection. He then boards the Taxi
after which both crew members reactivate the Taxi systems (Table 4.4-3). Prelaunch
preparation and checkout is then performed prior to ignition of the ascent engine
for lift-off.
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The one unique task directly associated with the Taxi mission is the transfer of
the RTG from the Shelter to the Taxi; therefore, a more detailed discussion of this
task is presented in the succeeding paragraph.

4.4,3.1 RTG Transfer

In transferring the RTG from the Shelter to the Taxi, the major human factors items
of concern are:

Thermal radiation (heat emission)

Thermal conductivity (contact burns)

Nuclear radiation (health physics)

Mechanical assembly, detachment connections, etc.

Physical transport of the unit from the Shelter to the Taxi.

The RTG generates more thermal energy (heat) than can be effectively used. To avoid
self-destruction and to provide the required At at the thermoelectric N-P junctions,
the unit must radiate considerable excess heat to 1ts surroundings. The astronaut's
space suit and backpack cooling system has been sized to dissipate metabolic heat
plus solar thermal loads. Excess heat loading to the astronaut, by exposure to the
RTG thermal radiation, could overload the thermal balance of the suit. Under
ordinary circumstances, however, this can be easily avoided by the astronaut moving
away from the unit (1 meter) or moving into the heat shadow. The efficiency of
proposed thermal radiation garments may also obviate this problem.

Direct contact burns offer the greatest threat to the space suited astronaut. The
surface temperature of the RTG exceeds the melting point of the space suit. A direct
brief physical contact of the suit against the RTG radiation surface or against a
wire-type guard, would melt and/or degrade the fabric to the point where its integ-
rity as a pressure vessel could not be maintained. Prevention of direct contact
burns is ‘the prime human factors safety consideration.

The radioactivity of the unit will add to the overall dosage of crew radiation and
may require slight upward revision of the NASA allowable Apollo mission dosage. The
dosage is not heavy, and, under the most adverse conditions, the astronaut could
carry a cold fin assembly unit in his hands for over 30 min before receiving a 1
rad dose. The ground handling of the unit would have to be under strict administra-
tive control. The greatest crew and ground nuclear hazards are not associated with
normal operations but with accidents, such as a capsule explosion. The SNAP program
has proven RTG units to be apparently safe, dependable, and easily handled. An
indirect radiation problem is that of heavy irradiation of the drinking water tank
which is located only a few centimeters from the RTG capsule. Minute impurities in
the water could become radiactive and cause excessive irradiation of the GI tract
and enter the metabolic processes of the cells. Preliminary analyses show that the
radiation problem is minimal for the assumed mission profile parameters. However,
it is recommended that a more thorough study be made, especially of stored purity

of water and shielding interface.

Accurate estimation of the problems and techniques of transporting the RTG from the
Shelter to the Taxi is impeded by the lack of knowledge of the exact nature of the
lunar surface. At present, the only mode of transport considered is on the LSSM.

In summary, there are no serious human factor obstacles to transporting the RTG and
attaching it to the Taxi. Contact burn, melting, and failure of the space suit is

?mwz/nm
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the greatest hazard, and the major effort should be devoted to minimizing this

hazard. The nuclear radiation doses exceed presently specified limits, but are
within a tolerable range.
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CREW TASKS REQUIRED TO PREPARE TAXI FOR QUIESCENT STORAGE

Time, hr:min

Commander

Systems Engineer

(After lunar
surface touchdown)

e Review checklist for prepara-
tion of Taxi for quiescent

(In Shelter during
this mission phase.)

storage
73:05 e Cover top hatch and windows
e Initiate IMU-ASA coolant
bypass; check indicator lights.
e Secure VHF link.
e Activate status monitoring
communication link.
e Shut down Atmosphere Revit-
alization Section; activate
PLSS, close faceplate, open
cabin dump valve
T73:15 e Descend to lunar surface and

walk to Shelter.

Table bL.kL-2

SEQUENCE OF OPERATIONS FOR RTG TRANSFER

Operation No.

Commander

Systems Engineer

(@)Y Vi W N+

\O O

10
11

12
13

Place Taxi in quiescent storage.
Walk to Shelter.
Unload LSSM from Shelter.

Detach RTG from Shelter with
mechanical aid.

Load RTG on LSSM.

Drive LSSM to Taxi.

Unload RTG from LSSM with
mechanical aid.

Attach RTG to Taxi with
mechanical aid.

Enter Taxi and check out RTG
installation.

Drive LSSM to Shelter.

Enter Shelter.

Walk to Shelter.
Make Shelter go/no-go
go decision.

Assist with unloading
from inside Shelter.
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Table b.lke3

CREW TASKS REQUIRED TO REACTIVATE TAXI FOR ASCENT AND RENDEZVOUS

Time
hr:min

Commander

System Engineer

Lo2:32

Activate ECS & Communication
System

Connect suit to suit loop system
Uncover windows

Monitor Cmdr

403:00

Assist S.E, & stow return
payload
Uncover top hatch

Dispose of jettisonable material

Load return payload in
Taxi

Dispose of all
Jettisonable material

4o3:32

Activate Rendezvous Radar
Establish radar contact with CSM

Establish voice comm with CSM

Connect suit-to-suit
loop system
Reestablish IMU-ASA
active thermal control

403:52

Lose voice comm, with CSM
Reactivate VHF

Reactivate Rendezvous Radar
Remove & stow PLSS
Remove thermal & meteoroid
protective garments

Secure fwd hatch
Pressurize cabin to
5.0 psia

Remove & stow PLSS
Remove thermal &
meteoroid protective
garments.

Lok:32

Prelaunch Prep (Same as LEM)
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4.5 RELIABILITY

4.5.1 Assumptions and Background Data

A time line summary for a design reference LEM Taxi Mission (DRM) is presented in
Table 4.5-1. This profile is not intended to represent any particular flight. It
has been selected to provide a basis for reliability estimation, configuration
analysis, trade-off studies, and mission success predictions. The mission times
are divided into boost and non-boost periods. Applicable environmental stress
factors (K factors) are shown for each period depending on operation or non-opera-
tion of the equipment during boost and non-boost periods. These factors are used
to modify equipment inherent failure rates. In accordance with the mission time-~
lines, K factors, subsystem equipment failure rates, math models, and operating
usage times shown in this report, the probability of mission success can be calcu-
lated on a subsystem basis.

Mission success is defined as the probability of not aborting the DRM because of a
failure of the defined configuration. Although failures of either the booster, CSM,
or experiment packages would cancel the scientific and engineering experiments, they
could not be judged failures against the Taxi. A mission shall be aborted if the
future occurrence of a single functional failure may endanger the general well-being
of any crew member, or if the projected probability of catastrophe would be greater
than a maximum acceptable level.

Wherever possible, failure rate data were extracted from LEM Report No. LED-550-58,
"Failure Rates Used for LEM Reliability Estimate." Data used from other sources
are specifically denoted.

4.5.2 Recommended Configuration - Reliability Estimates

Subsystem reliability math models, functional block diagrams (Fig. H.5-l), and
equipment utilization times (Table 4.5-2) were developed to determine recommended
system reliability estimates.

4.5.2.1 Subsystem Reliability Estimates

4L.5.2.1.1 Navigation, Guidance and Control. The PGNS and AGS are assumed to be in
series, i.e., failure of either system would be cause for abort, during the launch
through descent and touchdown phases of the mission. During the lunar stay through
rendezvous phases of the mission, they are assumed to be in parallel, i.e., ascent
and rendezvous can be accomplished with either system. The rendezvous radar is
used in the descent phase, both for tracking the €SM and for locking on the trans-
ponder which radiates from the Shelter on the lunar surface. The transponder reli-
ability is considered under the Shelter configuration.

3
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4.5.2.1.2 Descent Propulsion Subsystem. The reliability analysis of the descent
propulsion subsystem (DPS) involved investigation into the storage, regulation, and
thrust capabilities of the main propulsion subsystem. Evaluation of the subsystem
was accomplished through the utilization of the existing LEM DPS reliability analy-
sis with some slight modification (two vent valves and a pressure relief valve
added on the Taxi subsystem). The mathematical reliability model for the DPS is:

5
Rppg = Ry x Rp x R] x Rh X Rg x R6 x R x R8 x Ry X ilo (2 - Rjg) x
3
Ry X [2 - R9 x Ry, (2 ] [ 13 + ths (1 - Rl3) +
2 2
2 2 1x + hR (1 - R, ) + 2R, (1 - R,,)
2Rl3(1 - Rl3) ] [ 1k 1k 1k 14 ]

4

L 3 2 3
x [%15 + thS (1 - Rls) + ths (1- 15) ]x [%16 + th6 (1 - R g)

b 2 5 5
+ AR16 (1 - Rl6) ] X ng x [%17 X R18 + ng - RlTRlSng]

5 2 2 2 L 2 L
X RQO b'q REl X R22 X R23 X R2h X R25 X R26 b R27 X R28 x[%gg +

2
Rao - R29R3o]

When the combined reliability degrading factor time (t), mechanical stress factor
(K), and failure rate (A ) are introduced into the mathematical model above accord-
ing to the exponential relationship R = exp (I(Xt), the product yields a descent
propulsion subsystem reliability equal to 0.997986. This value is slightly lower
than the LEM DPS reliability estimate and is caused by the modifications over the

LEM subsystem.

4.5.2.1.3 Ascent Propulsion Subsystem. The reliability analysis of the ascent
propulsion subsystem (APS) involved investigation into the storage, regulation, and
thrust capabilities of the main propulsion subsystem. Evaluation of the subsystem
was accomplished through the utilization of the existing LEM APS reliability analy-
sis. The mathematical reliability model for the entire APS reliability appears below:

2 b 3 2 b 60 2
RAPS = Rl X R X R3 X Rh x R5 x R6 X RT X R8 (2 - R8) X R9 [% - R7 X R8
2l
o _
( R8) X R9 x R, x R X R, X Rl3 x Ry x [%15 X Ry + R17

5 2 2 >
~ R R R
5816 17] * Ryg X Rig X Ryp X Ry X Rpy x Ryp x Ry, x1:R25

T
* Ry - R25R26]

The product yields an APS reliability equal to 0.995178. The result obtained is
lower than the LEM subsystem reliability estimate, because the Taxi subsystem has
a greater time degradation factor than the LEM subsystem

L.5.2.1.4 Reaction Control Subsystem. Reliability analysis of the reaction control
system (RCS) involved investigation into the attitude and translation capabilities
of the vehicle, including helium, oxidizer, and propellant storage, regulation, and
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thrust capability. The mathematical modeling for the RCS appears below:

S P 5 : - e
RROS = ;Rl X R2 X R3 X Rh X R5(2 - R) x R6 X R7 b 4 R8(2 R8) X R9

2
xlj 2 - R7 X R8(2 - R8) x Rg X [Rio + hRio (1 - Rlo) + 2R§O(l - Rlo) ]

L 3 z 2 L 3
[Rll + bRy, (1 - Ryy) + 2R}, (1 - Ryy) ] x |Rpp + BRIS(1 - Rpp) *

2 2 l 3 2 2 2
hR12(1 - ng) ] x [Rl3 + th3(1 - Rl3) + th3(1 - R13) ] X Rlu

2 2
x[R15 X R+ R17 - Rl5 x Ryg x Rl7] X Ryg X ng x ]Re{ X [[(R21

2 2
+ R., - R R -

X x| (2 (Ry, + R Ry, X Ry,) x[§23 + Ry

16 b L

22 21 22 22
30 L 4 16 16 80 16

R23 X R2h X R25 X R26 X R27 X R28 X R29 X R30 X R31 X R32 X R33:
2 2
X R3h X R35 X R36 X R2 X R37.

When the combined factors are introduced for each reliability block established
above, the product yields a reliability of the RCS equal to 0.917ko2,

The propellant tank bladders are the major contributing factors to the mission un-
reliability, because of their high failure rate, and because the loss of any one
bladder during the post separation period will require CSM rescue. No additional
problem areas are pointed out. The reliability of the Taxi RCS is slightly lower
than the value available from the LEM mission.

4.5.2.1.5 Electrical Power Subsystem. The EPS consists of three modified LEM
descent stage batteries with associated LEM ECA, two LEM ascent batteries with
associated ECA, and an RTG (utilized during the quiescent storage period). The
failure rates for the reliability assessment were based on LEM ascent battery/ECA
failure rates, and vendor estimates for the RTG and 10-Kw-hr modified descent
battery. The EPS critical design reference mission (with contingencies), used for
the analysis, is presented below:

Mission Phase Phase Time (hr)
Countdown, launch, transposition 6.80
Translunar . 111.60
Preseparation c/o, descent and post-landing c/o b ks
Go/no-go decision and secure for quiescent storage 2.90 -
Quiescent storage 330.00
Pre-launch activation 2.60
Pgwered ascent through crew transfer 11.73
Total Mission Time 470.08

For the purpose of this analysis, all batteries are considered operational when
they are charged and activated, and the ECA's are considered operational during
battery discharge time only. The RTG is considered operational during the Taxi

G
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quiescent storage period (the total utilization time includes time accrued on the
RTG during the Shelter quiescent storage period). The reliability of the EPS con-
figuration, based on the math model (Fig. 4.5-1) with all equipments required to
complete the full mission, is 0.909220.

4.5.2.1.6 Environmental Control Subsystem. The ECS consists of four integrated
sections: atmosphere revitalization, heat transport, oxygen supply and pressure
control, and water management. The following ground rules and assumptions were in-
corporated into the ECS model for reliability assessment. Because of CSM backup
potential prior to Taxi separation, the model was analyzed for the preseparation
and postseparation independently with the reliability of the mission equal to

RPresep x RPostsep.

° Heat transport system was considered pressurized (operating) for the extent
of the mission

e Atmosphere revitalization, oxygen supply, and rate management systems, ex-
clusive of the water and oxygen tanks, are considered depressurized during
the quiescent storage phase

° Ascent and descent water tanks are assumed to undergo one operating cycle
each during the full mission

e Component failure rates presented in LED-550-58, 18 June 1965, and source
data supplied by Hamilton Standard are the basis of the reliability
estimates

° Heat pipe has been excluded from this estimate because of insufficient
failure rate information.

The ECS reliability assessment based on the above ground rules yields a success
probability of 0.992390.

4.,5.2.1.7 Communications Subsystem. The reliability analysis of the Taxi communi-
cations subsystem consists of an investigation into the S-band transmission and
receiving capabilities for communications between the crew and Earth, including
status data, and the VHF communications mode for EVA.

Several additional assumptions have been made to expedite the reliability modeling
analysis. The first involves the failure rate apportionment to the signal processor
assembly. Since this part of the system has multiple operational modes, sometimes
acting independently of one another and at other times operating in a completely
dependent arrangement, it was assumed that for tge majority .of the mission time the
entire failure rate of the unit (A =64.549 x 10-©) shall be applied to the mathe-
matical model during any period of mission time where any one section of the signal
Processor is used.

Another gssumption is the VHF channel B transmitter has the capability to be used

as a backup mode for voice communications with the CM (assuming CM capability to
receive voice communications on this channel). Consequently, the VHF transmitters
A and B are considered as active redundancies in the reliability analysis (as are
VHF receivers A and B). Also configured as redundant items in the modeling analysis
are the astronaut's headset receiver and microphone assemblies - under the assump-
tion that headset receiver 1 and microphone 1 operate together in series.

The mathematical representation of the reliability mode for each mission phase
appears below:
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® Preseparation phase:

R= |1-(1 - Rl)(l - R2)(l - R3)é] X Rh X R5(2—RS) X R6 X

- (1 - R7)(l - R8)€] X R9 x Rjy x Ry; X Ry, (2 - R11R12) X

Rj3(2 - Rg) x Ry x Rygy(2 - Risp) X Ryga(2 - Rygp) -

o Post separation to lunar lift-off phase:.

2 2 2
R= |1-(1- Rl)(l - Rg)(l - R3) ] x By x R x Re x

L - (1 - R)(1 - RB)Q] x Ry x Byg x Ril x Ria x B o(2 - Ry,)

X By X Rygp X Rygp X Rygy X Rygpx

When the combined factors are introduced for each of the reliability blocks estab-
lished above (for each phase depicted), the product yields a reliability for the

Taxi communications subsystem equal to 0.983273. Problem areas arise largely from the
fact that the reliability network equations, during the postseparation to lift-off
phase, are based upon non-redundant communications equipment. The prime degrading
component for this analysis was the signal processor assembly as was mentioned be-
fore. The S-band transmit-receive electronic replaceable assembly, S-band power
supply-power amplifier, and the timer, are mentioned in order of downgraded effect

on the subsystem.

4.5.2.1.8 Instrumentation. The instrumentation configuration is divided in two
parts: one for the manned phases of the mission, another for the un-manned phase.
In the manned phases, the C&WEA, status displays, and voice recorder are required.
The PCM is considered in parallel with the C&WEA and displays.

In the unmanned phase, the C&WEA, status displays, and voice recorder are not oper-
ated. During this phase, a time sequencer is required to turn on the equipment at
intervals. The sequencer itself operates on a 5.83% duty cycle; the PCMIEA on a
1.67% duty cycle; the transducers on a 5.83% duty cycle, and the SCEA on a 5.83%
duty cycle. Based on these duty cycles the reliability for the instrumentation is

0.994947,

4.5.2.1.9 Controls and Displays Subsystem. The reliability analysis of the C&D
subsystem consisted of an examination of all of the individual displays and controls
required by the other subsystems in the Taxi.

The overall C&D subsystem reliability was obtained from the following mathematical
model:

Ryp = Ry x Ry x R3 x Rg x R7 x R8(2 - R8) x R9(2 - R9) X
Ry X Rll(2 - Rll) x R12(2 - ng) X Rl3(2 - Rl3) x R)) x
315(2 - Rls) x 316(2 - Rl6) x Rl7 x Rg x 319(R20 + Ry - R20R21)

2 2
X Ry, X R23(2 - R23) b [i - (1 - Reh) (1 - R25) ] X R26(2 - R26)x

c%;iummaa
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R27(2 - R27) x R28(2 - R28) x R29(2 -R.)xR, (2-R..)xR. xR..x

29 30 30 31 32

(Ry3 + RyuRag = RasRaiRag) x (Ryg + Ryp = RygRoo) x Rog x Ry

Applying t, K, and A data to this equation and solving yields a reliability equal
to 0.993328.

4.,5.2.2 System Reliability Analysis

A summary of subsystem reliability estimates for the Taxi, together with pertinent
IEM data are shown in Table 4.5-3. Approximation of structure, explosive, controls
and displays, and instrumentation subsystem reliabilities were obtained by utilizing
IEM estimates with exponential degradation allowed for the extended duration.

-kt

In general, R = e and Q = 1.0 - R, For small values of kAt, Q=k At ann
k N =~Q/t
Then Q2 Ql b'd t2
tl
where subscript 1 represents LEM and subscript 2 represents AES
Q
1

Qem—lm x 418.07F =~ 3.618 Ql

Subsystem :%;_ _gg_ jii_
Controls & Displays
Instrumentation 0.000622 0.002250 0.997750
Structure 0.000022 0.000080 0.999920
Explosives 0.000076 0.000275 0.999725

T'igure 4.5-2 represents vehicle reliabilities for various mission durations. The
Taxi reliability curve shown is based on an exponential degradation of reliability
with mission duration, and therefore represents a close approximation to the actual
estimate. Also included in Fig. 4.5-2 are a series of curves representing experi-
ment package reliabilities plotted against a scale which indicates the product of
vehicle and experiment package reliabilities.

Although the Taxi reliability curve indicates values equal to the LEM estimate, both
1'all below the IEM specification goal. The Taxi is dependent on LEM subsystems
design, and improvement of the reliability can only be achieved by upgrading the
inherent reliability of each component therein.
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Table L4.5-1

RELIABILITY - DESIGN REFERENCE MISSION

Boost Non-Boost
Time Time
Nom KO = 10.0 KO = 1.0 Total
Phase Description KNO = 0.01 KNO = 0.001 Time
1 Total Preseparation {(Includes 10 hr of 0.39 75.83 T6.22
Pre-Earth Launch Checkout)
2 AES Checkout to Insertion (Total 2.18 2.18
Checkout 1.85)
3 Insertion and Hohmann Transfer Orbit 0.01 0.968 0.978
4 Powered Descent from Pericynthion to 0.14 0.14
Hover
5 Hover to Touchdown & Post-Landing 0.019 0.25 0.034
Checkout
6 Lunar Stay 336.00 336.00
T Prelunar Launch Checkout, Powered 0.118 1.00 1.118
Ascent and Injection
8 Transfer Coast _ 0.781 0.781
9 Rendezvous (5 n. mi. to 500 ft) 0.138 0.138
10 Docking (500 £t to contact) 0.25 0.25
TOTAL 0.677 h17.397 418.07k4
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4.6 MASS PROPERTIES

4.6.1 Ground Rules

The basic ground rule affecting the mass properties analysis of the Taxi config-
uration is to stay within the propulsion capability of the ascent and descent stages.
In areas where limits have yet to be defined, as with centers of gravity and moments
of inertia, the configurations presented maintain present LEM values wherever pos-
sible.

L.6.2 Assumptions and Background Data

The basis for all reported mass properties is the 1 August 1965 LEM weight state-
ment, modified by the addition of 77 1lb of descent propulsion and 18 1b of ascent
stage structure to attain the LEM design separation weight.

Only the more critical day mission is presented in this mass properties report. A
night mission would be lighter, since the Taxi does not require 180 1b of water for
thermal control during the lunar stay. For an "all-night" mission, the Taxi could
land a similar weight in payload.

Specific assumptions affecting the mass properties of the Taxi are:

® No scientific payload carried to the Moon

® (Capability to return 250 1lb of payload is based on the Propulsion Analysis
(Section 4.3) for approximately 1 deg plane change capsbility and 4962 1b of
ascent propellant

An allowance of 34 1b for additional micrometeorite shielding is provided.
RTG provisions only; RTG unit will be provided from the Shelter.

Three 12 kw-hr descent batteries used for both day and night missions

ECS expendables reflect approximately 50% less cabin occupancy than LEM and
only two EVAs.

4.6.3 Recommended Configuration

The recommended configuration mass properties summary by mission phase and by sub-
system are presented in tables 4.6-1 and 4.6-2, respectively. These tables describe
for each of the mission phases or subsystem the weight and moments of inertia for
the ascent and descent stages, separately, and as a total, where applicable.

A detailed weight statement for the recommended configuration is presented in Table

L .6-4. 1In most cases, the initial weight in each subsystem is a one line entry
taken directly from LEM. The subsequent items indicate additions or deletions from
the basic LEM subsystem. Where only one or two items from the LEM are used, a "build
up" technique is used. .

Changes from the baseline configuration to the recommended configuration are detailed
in Table 4.6-6.

4 .6.4 Baseline Configuration

The mass properties of the baseline configuration are defined in the following
tables:

o ——SONEIDENT|AL
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Mass Properties Summary by Mission Phase (Table 4.6-1)
Mass Properties Summary by Subsystem (Table L.6-3)
Detailed Weight Statement (Table 4.6-5)

Changes to the Baseline Configuration (Table 4.6-7)

4.6.5 Alternate Configuration

Weight estimates have been made of the various alternates considered. The delta
effects of these alternates on the mass properties of the recommended configuration
at lunar orbit separation are summarized in Table 4.6-8 and detailed in Table 4.6-9.

The ascent propellant tanks in the recommended configuration are not full. An
additional 55 1b of propellant could be added. If the inert weight of the Taxi was
decreased proportionately, an approximate increase of 55 1lb return paylcad capa-
bility could be provided.
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Table 4.6-3

MASS PROPERTIES SUMMARY-BASELINE

CONFIGURATION-BY SUBSYSTEM

(VI)L-73

Moments of Inertia,

Weight, 1b cg, in.¥ slug-ft2
IX -X Iy_y I z2-2

Code Subsystem Ascent [Descent| x y z (ro1l) (p1itch) (yaw)
1.0 | Structure 1,369 259 -1 9 712 T2k 448
1,51k | 156 2 0 1,490 979 973
2.0 | Stab & Cont 87 273 16 -31 58 64 10
15 | 158 32 12 6 2 5
3.0 | Nav & Guid 294 275 -3 10 153 201 63
37 | 132 -60 -45 2 5 5
4.0 | Crew Provisions 103 246 9 31 33 23 20
5.0 | Environ Cont 246 265 1k 2 50 5l 39
93 | 176 5 -ks 49 15 53
6.0 | landing Gear 531 | 121 0 L 2,043 1,128 1,071
7.0 | Instrumentation 199 248 -11 -48 38 37 9
5 | 153 8 -15 1 1 0
8.0 | Elect Power 767 255 1 -28 2lly 29 Lo
607 | 162 57 32 97 70 87
9.0 | Propulsion 556 230 - b -10 215 82 185
1,150 | 15k b -5 597 388 380
10.0 | Reaction Control 305 265 0 -3 277 132 165
11.0 | Communications 100 267 37 -35 43 L1 27
1 | 138 -ko 46 1 0 1
12.0 | Cont & Displ 213 267 -1 58 54 38 29
TOTAL DRY WT 4,239 257 i -3 2,417 2,263 1,234
3,966 | 152 10 2 4,859 2,931 3,097

TRAPPED & RESIDUAL
4.0 | Crew Provisions 527 2ho -1 el 66 e} 108
5.0 | Environ Cont 54 261 10 -10 8 7 6
18 | 143 | -39 | -8 3 1 4
9.0 | Propulsion 139 209 3 1 89 5 89
505 | 132 1 -2 300 196 124
10.0 | Reaction Control 81 264 0 0 38 L 35
Payload 271 27h 23 0 1 8 8
TOT WT AT BURN-OUT 5,311 256 2 2 2,905 2,686 1,600
4,489 [ 150 9 1 5,191 3,178 3,284

CONSUMED ON ASCENT
5.0 | Envairon Cont 77 300 0 -1 18 6 12
9.0 | Propulsion 4,990 277 0 0 3,043 60 3,000
10.0 | Reaction Control 307 273 0 0 146 1k 132
TOT WT AT LUNAR LCH | 10,685 243 1 1 6,117 3,353 5,330
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co

Table 4.6-3 (Cont)

Wt, 1b

cg, in.¥

Moments of Inertia,

slug-ft2
I I
X=X v-y 2=-Z
Code Subsystem Asc Desc x y z (roll) (p1tch) (yaw)
EXPENDED ON MOON
1.0 | Structure 15 301 0 8 2 2
1
L.0 | Crew Provisions 68 266 18 18 13 b 12
10 |155 -T70 35 0 0 0
5.0 | Environ Control 181 | 143 -Lo -48 29 8 36
10.0 | Reaction Control 5 281 0 1 2 1 2
Payload -271 27k 23 0 1 1 1
TOT WT AT 10,502 243 1 1 6,114 3,320 5,276
LUNAR LANDING 4,680 | 149 7 0 5,k19 3,284 3,425
15,182 21k 2 1 11,560 12,691 |14,811
CONSUMED ON DESCENT
5.0 Eviron Control ol 140 -49 -4g 1 1 1
9.0 | Propulsion 17,357 | 160 0 0 11,383 7,309 4,788
10.0 | Reaction Control k2 285 0 0 68 L6 59
TOTAL WEIGHT & 10,644 243 1 1 6,182 3,420 5,389
SEPARATION 22,061 | 158 1 0 16,860 11,152 8,351
32,705 186 1 o} 23,045 25,913 |[25,080
CONSUMED ON TRANS-
LUNAR FLIGHT
4.0 | Crew Provisions -527 249 -1 Ly -67 -51 -108
5.0 | Eviron Control 20 | 14k -4o -48 3 1 4
10.0 | Reaction Control 5 264 0 0 3 3 2
TOTAL WEIGHT @ 10,122 243 1 -1 5,861 3,112 5,280
EARTH LAUNCH 22,081 | 158 1 0 16,880 11,164 8,363
32,203 185 1 0] 22,743 25,164 24,532

* From Ref. Datum




AES TAX| RECOMMENDED CONF IGURATION

12,0 CONTSHD |

ASCENT DRY WEIGHT

TOTAL ASCENT

*kkdkkk *9
_JADL__JHILE__HLKMI__,_LJL____ -
POUMDS z
1.0001AST STRUCT 1226 253 1 9 | DESCENT DRY V
1.0 MM SHIE 5§ 270 0 0O
1. COM WT INC 18 259-1 9
_CoDE___ TITLE
1.0 STRUCTURE 1269 259 -1 9
1.0002D0ST STF
2.0 STAB+CONTPOL 87 273 16 =31 | 1.0 __ MM SHII
1. H20 TK
e . 1.1111BAT+EC/
3.0 MN+G ASCENT 289 275 -3 10| 1,11 BAT+EC/
3,0 __TME PRGMER 5 265 0 O] 1.,1811RTG SUF
1.1510PTG INS
3,0 NMAV4GUIDAMCE 294 ,275 - 3 10
1.0 STRUCTURE
L,0 CREW PROVISN 103 246 O 31
2.0 STAB+COM]
5,0 _EMVIRM ASC 347 269 12 o .
5.8 ECS EXPMD- 61 293 2- 33,3 LAMDG f
5.3 H20 TKHYR _ 1 223 o O .
5, BTY BYPASS 1 260 0 0| 3.0 NAV+GUIDA
5.7 GLYCOL - 37 255 10~ 10 m__
5.811 LIOH - 8 261 19 &
5.0___HEAT PIPE 325 0 _0]5,0 .EMVIPN
5.8 ECS EX
5.0 EMVIPQN CONT 246 265 14 2| 5.0 HEAT P
7.0 INSTN ASC 702 249 —11 -h8 | 5.0 _EMVIPOM. (
7.13__DATA STORG - 3 _285 0 -35
7.12  VOICE RECD 3 285 0 -35 . .
6.0 LANDING (
- -1
| 2.h SEMSORS
8.0 ELECTRIC PWR 767 255 1 -28 | 7.-0-INSTRUME!

9.0 PROPULS {0

695 226 - 3 - 8

9.33 HELIUM

- 13 232 -11 -10

9,12 TRAPD PPOP__=126_207 4 2
9.0 PPOPULSION 556230 = &4 -10

10, 6 RCS 386 265 0 - 2
10.1_PCS_PESIDL =81 264 0 0O
10,0 PCS 305 265 0. - 3

11,0 COMMUNICATN

100 267 37 -35

EPS DI

BAT CON
___ PRTG_ECA

8.0 ELECTRIC
9.0 PROPULS
29.34 _HELIUM
9,12 "TRAPD F
9.36 VENT V4

9.0 PRAPULS KX




PL_ 213 267 - 1 68 | 11.0 COMMUNCTN 16 138 -4 "Ll | TOTAL DESCHT T+R 523 132
11

.0 TV - 2 128 -71 30 ~ —_— - R
dekddokd  kdkkkk  dekdkkok

RY h2bh2 257 1 < 3| 11.0 COMMUNICATN 14 138 -h0 W6 | . . ..

Fkde | dekkdokd | KRkARK

TOTAL DESCMT DRY 3891 154 7 3 | COMSUMED OM ASCENT

*hdkkdk Fekdkdk Fekdkdkddk *kdkkk

.CODE  TITLE WEIGHT _ _ |

I POUMDS X
WEIGHT __ C.G. | ASCENT STAGE TRAPPED + RESIDUAL _ | 5,83 H2d 76 3200
POUMDS ¥ Y z 5.8 a2 o 1_ 266

€T 1499 156 2 0| CE TITLE WEIGHT ~ C€.G. | 5.0 EMVIRON COMT . _ 77 300

D___ 9 160__0_ 0 PQUNDS X Y z

TG 6 145 -19 <19

SU_-.50_ 16k 57 36| 4.0 CREW PPQVISM___527 249 - 1 _47 | 9.111 PROPELLANT 14962 227

SU Lo 176 50 50

S 7 188 -50 ~70( . _ . L e = | 9.9 PPOPULSIONM 4962 227
L 6 188 -50 -70 | 5.7 GLYCOL 37 255 10~ 10 |. . L
I | 5.811 LIvH 261 19 __ 5
1517 157 1~ 1]5.821 02 T+P L 266 0 -53 | 10,1 _PRCSPROP__ 169 2
el 583 _H20. . ASC._ 5 300 _0.__0|]10,11 RCS PPOP 138 269
10,1 PCS PRQOP 6h_ 278
oL 15 158 32 12 | 5,0 ENVIRON CONT ___ 54 _261_ 10 =10
10,0 RCS 3727,
DR 37 132 -60 -45 | 9,12 TRAPD PROP 126 207 & 2| __ . ___
- R 1933 HELIUM _ . _12 232 =11 <10 | CONSUMED oM ASC 510 231
CE 37 132 -60 -5 B ]
9.0 PROPULS ION 139 209 3 1 Fkdkkkk kkdokkk ki
ES 302 _156— 19— L6,
MD- 212 148- 30- 47 | 10.0 RCS 8 266 0o ol ___ ]
E h 190.-50-651)._.. __ . _ A EXPEMD QP JETTISOM ON MOOM
. . _PAYLOAD .. 250_ 274 23 _ O | CODE TITLE VWEIGHT
NT____ 92 176 5 -45 o o PQUNDS__ X _

comee — = | TQTAL ASCENT T+ 1051 251 6 23 {1, __vINDMW CVR___ 2 27
1 TUMNEL CVR 13 305

T kddedokd dedckdokde | dedekdedek dekdokdkok

51583 8«15~ -~ - S o s 1.0 STRUCTURE 15 301

| .-5..153. .8 ~15.| DESCENT STAGE TRAPPED + RES IDUAL lLQQ-__CREw‘pRov___‘___Bl‘_z&I
e e o | B.Sh T LIOH T ARYY)

4252 FaD . - 4 252

ps -ooe 162 28 3335 CODE . TITLE WEIGHT  C.G. _
S 429 180 50 50 POUMDS % Y  Z | k4,0 CREW PROVISM 68 _266

S ~.38 171 hh 3619783 120 16 138 <9 <ho | ___ o

V! - I

Ls 28 171 & 36|5822 Gox oEsc 2 184 40 -ho [TO.T pcs PRoP 5 281

WP 529 180 45 Y2 | 5-0 ENVIRON CONT 18 143 -39 -48 | 10,0 RCS 5 281

S 9.34 HELIUM 50 156 8- 8| ___ __ pAVLOAD __ _-250_ 274
on_1euo :ls% 3o k|92 TearD proP  4B5 129 0 -1

5T 00 156 8 -8 o

OP — 455 123 0 - 119 4 prapuLsiton 505. 132 _1.~ 2 | EXPEND MOOM ASC  -161 275

VE 15 180 17- 35
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Table 4.6-4

(VI)4-75/76

DETATLED WEIGHT STATEMENT - RECOMMENDED CONFIGURATION

EXPEMD OP JETTISOM OM MOOM DESCENT | 10,1 RCS PPOP 5 264 0 0
CODE  TITLE WEIGHT ~  C.G. 10.0 RCS 5 26 0 0
PQUMDS Y Y z
L 113 PLSS BATTS 10 155 -70 35| CREW TRAMSFER ~ 527 249 -t L7
4,0 CREW PROWVISM 10 _155-70_135|
COMSMD_XL FLT_AS_~ 522 249 - 1 48
5.82 GO 18 184 L0 -40 hdkkdohdk  dedckdckk dodokoiokte dokotokdok
5,83 _H20 243 139 =49 49

5.0 EMVIROM CONT _ 261 _ 137 =L6 -47

EXPEMD MXOM DESC

dededekodede

271 143 -4 LS5
Fekdedokde | dokdodktek | dekdodkk

CONSUMED 0N DESCENT —ASCENT

CODE  TITLE WEIGHT  C€.G.
~ ___POUMDS _X _ Y _Z
10.1__RCS_PPQP 22 282 0 O
10,1 PRCS PpoP Sll» 28L 0 0
10,1 RCS PPOP_ ___66_287 0 O
10,0 RCS . _ __1h2 280 0__ 0O

‘COMSMD DSC ~ASC 142 285 )

dedcdekdok | Kkdkdkd | doddokik | Rkkkiok

CONSUMED oN DESCENT -DESCENT

CODE  TITLE WEIGHT C.G.
e . __PQUNDS_Y.__Y___ I
5.83__H2Q 2L 1L ~49 -49

5.0 ENVIPOM CONT. _..2h_ 140 =49 =49

9.0 EXPMD PROP 17357 160 0 O
9.0 PRAPULSION 17357

CONSMD _DSC ~DSC.__17381 _160 0 O

160 0 O

Fkckkdde  hkdokkk dedkdekk kdokdckk
CONSUMED QM _XLUMAR_FLT _ASCEMNT
_CODE  TITLE _ VEIGHT C.(Yi. 7

POUNDS X

CONSUMED OM XLUMAR FLT _DESCENT

_CODE  TITLE  WEIGHT C.G.
POUMDS X Y 2
5.82 G 2 18: 4o -h0
5.83_ H20 .18 140 =49 =49
5.0 _EMVIPOM CoMT 20 14h Lo 48
CONSMD XL FLT D 20 1L —ho I8

SA— L/.éé’ G
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Table 4,6-5 Detailed Weight

AES TAX| BASFLINE

ASCENT DRY WF|GHT

CODE™ T TITLE  WEIGHT

POUNDS X Y Z

1.0001AST STRUGT 1326 259- 1 3
.0 MM SHIELD 75 72/0 [4] 0
1. CON WT INC 18 259 - 1 9
1.0 STRUGTURF 1363 759 - 1 9
2.O0STA \ \ 73 =
3.0 N+G ASCENT 289 275 -3 10
"3.,07 T TME PRGMIR™ 5266 0 0
3O NAVEGUIDANCE 2275 =310
lf -0 CREW PROVISN 103 26 9 3t
5.0  FNVIPN ASC 37 269 17 0
5.8 FCS EXPND- A1 293 2~ 23
.42 "H20 TKHTR " T 23— 0~ 0~
5. BTY RYPASS 1 260 0 0O
5.7 GLYCOL = TR7TT255 T 0= 10
5.811 LIoH - 8 261 19 &
5.0 HFAT PTPE I 250 0 O

5.0 FNVIRON CONT ™ 246 2657714 ~ 72

7.0 INSTN ASC 202 249 ~11 -48
7.73 DATASTOPG - 3 28% 0 -3%

7.0 INSTRUMENTN™ *~ 7193 2LB =11 4B~

8.0 FLFCTRIC PYR 255 1 -28

767

0 TPROPULSION 695 226 =3 = 8"
.33 HFLIUM - 13 232 ~11 =10
9792 “YRAPD PROP =126~ 207 & — 2~
T PROPULS TON 556 730 = & =10
10,0 RCS 386 265 0 - 2
10,1 RTS RFSIDL T=8T7726L 00"
TO.0 RCS 05 265 0 = 3
11.0 COMMUNICATN 100 267 37 -35

12,0 CONTSHDISPL 213 267 - 1 &3 TQTAL DFSC
TQTAL ASCFNT DPY 4229 257 1 - 3
ASCFNT TRAI
TCODE . TT
DESCENT DRY WEIGHT B
CODE  TITLE  WFIGHT C.G. L0 CRFW P
POUNDS X Y 7
Io”””;-DJ' -:IF\U(:' lﬁ’.’ '_;6 2 4] ; 7 GLi(‘\
1,0 MM SHIFLD 9 160 ¢ 0 5,811 LIOH
T HZCTK MTG % 145 <59 =49 S'TSTT"(QT
5,83 H2Q
5.0 FNVIRX
2.0 STAB+CONTRO 15 158 32 12
9,12 TRAPI
9,33 HELN
3.3 TANDG PADR 37 132 =60 =45 i e
9,0 PROPULS
30 NAVFGUIDANCE 37 1327 =60 =45
T0.0 RCS
5.0 FNVIRN DES 302 156- 19- u6 L
5.8 ECS FXPND=""213 T48=30= 47
5.0 HFAT PIPF L 190 -50 -65 PAYL.
5.0 FNVIRON CONT 93 176 5 -4if§ .
- TOTAL "ASCT)
6.0 TANDTNG GFAR — 53T 12770 4 S
DESCENT TRZ
7.4 SENSORS 5 153 8 -15 L
i - T e B CODE T
7.0 INSTRUMENTN 5 153 8 -15§ e
83 H2Q
8.0 [PS DES 656 167 58 33 5,827 GoX
8,112 BATTRYS DS -556 159 63 36 .
BT BATTRYS DS~ &10 159 63 36 5.0 FNVIRdQ!
8,12 BAT CONTIS -"38 171 4L 34 L
g:ﬁ BAT CONTLS 287 :gé LL™ 36 3 ah HELI
K G PROV ~50 =70 EN .
RT1 R\ 7 5 7 T—p-AFt
8.0 FLECTRIC PYR 607 162 5§57 32 _
T 7 9.0 PROPULS
[,0 TPROPULSION TRLO 147 % - 4 o
9,34 HFLIUM - &0 156 8 -8 | TOTAL DESCH
")_I’?__TR'APD PROP = LBG 1729 0 = 1
9.36 VENT VALVF 15 180~ 17- 3§ R
9.0 PROPULSION 1150154 4 - 5 CONSUMED_ o)
CODE T
”.0 CSMMUN(‘.TN lg } _:g -M‘; ‘{3
o W s 381 - 57837 HZQ —
11,0 COMMUNICATN _ 1h 138 =40 46 | 5.8 02
5.0 FNVIRON

w |
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tatement Baseline Configuration

(\71)14_77/@

"DRY 3966 152 10 2
TIVTT PROPFILANT ™ L99g 227 0 0
+RFSD OUPROPULSTON 4990 227 0= [
F VFTGAT C.GJ
POUNDS X Y z 10,1 RCS PPQP 169 277 0 0
1O RCSPROP 138769 00O
WISN 527 249 - 1 L7
T0.0°RES™ ~ 307 273 00O
37 755 10- 10
8 261 19 & CONSUMFD QN ASC 5374 231 0 0
4L 7bb -":-S?_ T TTTT T T -
ASC 5 200 0 O L o
CONT 5L 261 10 -10 EXPEND OR JETTISON ON MOON - ASCENT
CODE  TITLE  WEIGHT C.G.
Tﬁ%ﬁF“*T?G“7ﬁ7"‘H‘“‘7‘ T T UTTURQUNDS X Y y4
13232 =11 =10 ]
T WINDW CVR™ — 2275 0 67
N 129 209 3 1 1. TUNNFL. CVR 12 305 0 o0
1.0 STRUCTURF 15 301 0 8
8T 76 O O T
- 0~ —"CREW "PRQOY ~ 87 26T 1319
0 27V 274 23 0O L5k LIOH - 1L 242 -15 17
27— F WD =4 757Y7 3T
B Lo110 PLSS CALIB - 1 238 37 I9
TR 1077 757 6 23 T s e
LJo CRFW PROVISN 68 266 18 18

_CONSUMFD ON DESCENT -—-ASCENT
CODE TITLE  WFIGHT €.G.
“POUNDS X Y Z
TO, T RCS PROP 77 282 0 0
191 RCS PROP 54 28, 0 0
1017 RCS PROP 66 287 0 O
10,0 RCS 47 280 0 0O

COMSMD DSC ~ASC 142 285 0 0O

CONSUMED ON DESCFNT -DESCENT

CODE  TITLE  WEIGHT  C.G.
- T U POUNDSTXT Y T
BB THATT T T 2l TTHO <49 —h9°

S0 FRVIEON CONT— 2T =59 =59

9.0 FXPND PROP 17357 160 0 O
9.0 PROPULSION 17357 160 0 O
TCONSMDDSC™-DSC 17387 1607 0 O

T+RESD TOJRCS PROP 5 28T 0 T | CONSUMED ON XLONAR FIT ASCENT
ETWEIGHT ¢JG. [ To o'reS T & 2810 T | CCADET TITLE T OWEIGHT T TGl
PQUNDS__ X Y Z e _ . _POUNDS X Y Z
16 118 -4 L9 PAVLDAD =277 A T | — -
38 -L49 49 10,1 S PROP 5 26b 0 0
BESC 7 TBL Lo =Lo : RES PR
S EXPEND MOON ASC__-183 275 27 - 0, S 5 264 0
CONT T8 163 =39 L8 B - Jodores 5 26k 0 0
e S CREW TRANSFFR = = 527 249 - 1 47
L 50 156 8 - 8 1 EXPFND OR JETTISON ON MOON DESGCENT L
PROP 455 129 0 = 1 ONSMI XL FLT AS = 522 249 = 1 LS
e CODE. TITLE WFIGHT  C.G,
oN 50571327 1 = 2 PQUNDS X Y Z TTTTTT T T T e
T - L4113 PLSS BATTS T 10 155 =70 35 CONSUMFD "ON XLUNAR FLT DESCENT
"T+P 523 132 - ] - 3 )
L.0 CREW PRAVIEN 10 155 =70 35 N 3 Ao
. e . - o POUNDS X Y 7
ASGENT | 5.82 ex 18 184 Lo -ho | 5.82 GoX 2 184 L0 -40
5,837 H20 163 138 -L9 =49 5,837 "H20 T T 718 T1L0T=49 TL9
F WEIGHT C.G.

CUNDS 5.0 ENVIRON CONT 181 1L3 Lo -L8 5.0 F ON 0 puy Y Ry 13
TTTTIETTRO0 0T 07 Tt T s m s - - B
1 266 0 -5k FXPEND MOON DESC__ 191 143 ~L2 —b& | ‘CONSMD XL FLT D 20 1Lk -40 -48
CONT 77 300 0 -1
NTIAL

?Wm
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Table 4.6-8

MASS PROPERTIES SUMMARY-SUBSYSTEM AILITERNATES

(VI)k-81

cg, in. Moments of Inertia,
from Ref Datum slug~ft2
Mternates Wt,1b x y z I, (roll) Iyy(pitch) I, ,(yaw)
Add RCS Cluster 100 254 0 0 210 105 105
Covers
Replace Descent -156 179 52 6L 43 36 -6
Batteries With
Zox Batteries
Direct R.T.G. 10 237 -63 -19 0 - 4 -1
Radiation
Carry Own RTG 50 140 -50 -T0 0 0 0
Right & Left 0 0 0 0 0 0 0
Polarization of
S Band Antenna.
More Elaborate 0 0 0 0 0 0 0
Prelaunch Check
Out

NOTE: Al]l inertias

are about the Alternate Delta change C.G.
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TABLE L.6-9

Detailed Weight Statement-Subsystem Alternates

ALTEPMATES T0 RECOMMENDED TAX|

ADD _PCS CLUSTER COVERS _

_CODE  TITLE VWEIGHY
PQUMDS X

1.0 RCS CL CVR 25 254 65 65
1.0__PCS CL CVYR .. . 25_ 25k 65 -65
1 RCS CL CVR 25 254 -65 65
1 RCS CL CVR 25 25L —65 65

DELTA VIEIGHT 100 254 0 __0

_ kkddkkh  dekkkik  dekkdhk dokdkiokk

REPLACE DESCENT BATTERIES VW ITH ZOV,
BATTERIES

T CODE  TITLE WEIGHT  C.G.

POUMDS X Y . Z

5.5 _02 REGS 6 185 LO_ 4o
5.5 02 PLUMBMNG 5 185 Lo 0
5.82._02 _ 18__184 Lo Lo
8.11 ZQY. BATRYS 210 180 50 50
8.1 COMT UMITS 30_ 180__50 50
8.1 MISC L 185 50 0
8,112 BATTERIES -429 180 50_.50
DELTA VEIGHT -156 179 52 64
| dkekddekede delcdckdde dekkdoide  dekekdokd
DIPECT PTG PADIATIONM

CODE  TITLE  VEIGHT ____CuGu_ .
POUNDS X Y  Z
1.0 INSUL INST 15 215 -53 -43
1.  SUPT BEAM 10 202 -50 -50
1.0 DOOR  INST 3 215 -36 -h3
1.0 MIsC. _ . 2 215 =40 =43
1.1510RTG INSUL -6 188 -50 -70
1.1511RTG SUPTS_____ -7 188 -50 =70
5.0 HEAT PIPE Iy 190 =50 -65
5.0 - 0 0
DELTA WEIGHT. 10 237 -63 =19
sk dedekdk Jededekkh Jededededeke Sk fedekk
CARPY QWM PTG
"CaDE  TITLE  VEIGHT C.G.
POUMDS X Y z
o PTG 50 1ho -50 ~70
DELTA WEIGHT_ 50 140 -50 -70
___;k**‘k*'k sedkkk FehhhdkNk Thkfhk
P+L CIRCULAP_PQLAPIZATION
MO WEIGHT CHAMGF
_'f(***‘k* o 'k:kv*_'k'k* LS 2.3 284 K dekhdook

MOPE ELABORATE PRELAUNCH CHECK QUT
MO _WEIGHT CHANGF
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5. SUBSYSTEM ENGINEERING

5.1 ELECTRICAL POWER

5.1.1. " Ground Rules

There were no NASA ground rules unique to the Taxi Electrical Power Subsystem (EPS).

5.1.2 Assumptions and Background Data

It was assumed for this study that the Taxi EPS must supply power for the same basic
mission as the LEM with the following differences:

e Lunar stay is increased to 336 hr (LEM mission is 35 hr)
e No experiment power is furnished by the Taxi.

5.1.2.1. Power and Energy Requirements

The design power profile, based on the EPS critical time line (109-hr translunar
flight and 336-hr night surface mission ), is presented in Fig. 5.1-la through ¢ and
Tables 5.1-la through g.

The specific equipment power levels are based on LEM current status and/or the

latest information available from vendor and test data. A factor of 20% has been

added for growth to account for unforeseen changes. Essentially, the Taxi power

and energy requirements are the same as the LEM from Earth launch through lunar
touch~down, and from pre-lunar launch checkout through rendezvous. The main difference
between the LEM and Taxi occurs during the lunar stay period. The LEM is used to
directly support 35 hr of lunar experiments.

After touch-down and checkout has insured that the Taxi is in good condition, and it
has been established that the Shelter can support its intended mission (go/no go
decision), the Taxi will be shut down. Only those loads which are required to main-
tain the Taxi so that it will not be damaged or degraded, along with those reguired
to transmit a status report every 2 hr, will be left on. Loading during secure-~for-
storage and reactivation has been assumed to change linearly between the quiescent
level and the nominal lunar mission level in 12 and 9 min, respectively.

A detailed summary sheet, showing the specific load requirements and assumed duty
cycles, has been included for the Taxi quiescent phase. Loading has been broken down
between night and day missions, with and without a Radioisotope Thermoelectric
Generator (RTG).

5.1.2.2. Power Sources Background Data

The following power sources were considered for use on the Taxi: silver-zinc
batteries, zinc-oxygen batteries, and radioisotope thermoelectric generator.

g'mm
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5.1.2.2.1 Silver-Zinc Batteries. The LEM ascent and descent batteries differ, each
has been designed and optimized for its specific missions and profiles. Although
both are high merit factor, silver-zinc, primary-type batteries, there are differences
in their design. The ascent battery has been designed to be used with a pre-dis-
charge and discharged at high rates of up to 3000 to 4000 w. The descent battery is
designed for cell taps and discharge rates approximately 1/3 of the ascent battery.
The significant characteristics of both of these batteries are shown in Table 5.1-2.

The two major differences in design considerations between the Taxi and LEM battery
power supplies are: the Taxi has a 13-day longer mission time, and the descent
energy requirement is approximately T75% of the LEM.

Activated wet life of silver-zinc, primary-type, batteries is always a primary design
consideration. Batteries initially designed for a 30-day wet stand plus a 150-hr
mission (LEM) cannot be extended for use on a 450~hr mission (Taxi) without changing
some of the other design requirements and/or the probability for mission success.

The primary design problem of activated wet life rests with the separator design.
Time, temperature, and state of charge (potential gradient) are the major factors
contributing to separator degradation. By operating at low temperatures and dis~
charge rates, the rate of separator degradation will be appreciably reduced.
Since the Taxi battery discharge rates and temperatures for its 330-hr quiescent
storage period is low, it was estimated that the LEM batteries could perform over
the extended Taxi time line with some slight reduction in reliability.

Figure 5.1-2 shows the estimated loss of capacity as a function of lunar stay
temperature, and an estimate of the reliability to be expected with the assigned
derating. These curves are based on the normal LEM discharge prior to the quiescent
period. The portion of the curves from 96 to 336 hr is conservative, since there is
insufficient supporting data to provide confidence that better reliability could be
achieved. Little support data is available for this particular cell at temperatures
above 125°F; however, short periods of operation at temperatures up to 160°F may be
encountered without expectation of failures. To realize full rated capacity, with
lunar stay time extended to 336 hr, the cell temperatures must be kept below 88°F.
At the low discharge rates obtained during quiescent operation, little heat is dis-
sipated in the battery, and the cell temperature will be at about the same temper-
ature as the battery case temperature. The descent battery cases must be maintained
below an upper temperature limit of 88°F.

During long-term storage, temperatures below 88°F will result in improved reliability
and high capacity retention. At temperatures of 40°F and lower, storage up to 3
months would have little effect on capacity or reliability. In the case of the
ascent batteries, which must be capable of supplying immediate power in the event

of an abort, the storage temperature must not be less than LO°F.

5.1.2.2.2 Zinc-Oxygen Batteries. Zinc-oxygen (Z0OX) batteries are a hybird utilizing
a consumable metallic zinc anode (similar to that of a silver-zinc battery) and
gaseous oxygen. The oxygen is fed to a non-consumable cathode (sintered electrode
made of teflon impregnated with platinum black and silver as activation agents). It
operates as a primary battery and has some characteristics of a low-temperature fuel
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cell, without the degradation problems. The electroyte is L40% potassium hydroxide,
similar to that of silver-zinc batteries. The oxygen pressure requirement is 15 psi
for the Leesona Moos design, and 150 psi for the Eagle-Pitcher design. Oxygen is
stored externally and could be supplied from the LEM oxygen tank supply with a
pressure regulating valve in the feed line. Approximately 0.5 1lb. of oxygen is
required per kw-hr of energy produced.

The electrical characteristics closely follow those obtained with a medium to low-
rate silver-zinc battery, except for the specific voltages and the peroxide/

monoxide voltage effect. A comparison of the weights of Z0X batteries and silver-
zinc batteries as a function of capacity and discharge rate is shown in Fig. 5.1-3.

The reaction product is a zinc compound, which remains within the pores of the fuel
electrode so that no problem of disposal exists. Cell voltage as a function of
current density and discharge time is plotted in Fig. 5.1-4. Output voltage increases
with increasing operating pressure as shown in Fig. 5.1-5. In the Eagle-Picher system,
power falls off rapidly below 40 psi, and at pressures above 150 psi, the container
package weight becomes excessive for the optimum cylindrical configuration. Pres-
sures between 100 and 150 psi appear to result in minimum weight.

Operation at temperatures down to 20°F is likely to result in a loss of 20% of
capacity. The upper operating temperature limit of 120°F is possible for a short
time, but side reactions of zinc with potassium hydroxide result in the production
of hydrogen, and continuous operation should be limited to temperatures below 100°F.

The Leesona Moos ZOX battery is designed to operate at atmospheric pressure. This
battery is in an early development stage with primary effort being directed to single-
cell performance. Leesona Moos does not feel that any difficult problems remain to
be solved in developing qualified units for the Taxi; however, they have not engi-
neered a complete battery system nor established a program for its development and
qualification.

Eagle-Picher is under contract to Lockheed to develop a 20 kw-hr, low-rate, Z0OX
battery. At present, they are in the initial stages of assembly and testing of
a preproduction unit with about 6 months to a year before qualification testing.

5.1.2.2.3 Radioisotope Thermoelectric Generator. The radioisotope thermoelectric
generator (RTG) produces 1300 w of thermal energy and 50 w of electrical energy
at 14 v DC. The RTG works with a power conditioning package (PCP) that 1s used to
boost and regulate the RTG voltage to 29 v + 1% so that it will be compatible
with spacecraft equipment

The RTG consists of a fuel component (radioisotope heat source) and a thermoelectric
generator. The fuel used is Pu-238. Initially, enough heat is produced to generate
66 w of electrical energy. At the end of 1 yr, the amount of heat produced
generates 56 w. The SNAP 27 design characteristics are shown in Table 5.1-3.

Full load efficiency of the PCP is 90%. Output from the PCP is 59 w at 29 v +1%
at initial conditions and 50 w at 29 v+l% after 1 yr, It may be necessary to
modify the PCP regulating point from 29 to 32 v so that the RTG may be paralleled
with the Taxi silver-zinc batteries and properly share its load requirements.
Performance curves for the RTG are shown in Fig. 5.1-6.

?/uwz/mm.
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5.1.3 Recommended Configuration

The recommended EPS configuration (Fig. 5.1-7) consists of three modified descent
batteries, two LEM ascent batteries, provisions for interconnecting a RTG power
source to support the ll-day quiescent period, and the controls and modifications
required to integrate the difference in logic and operational requirements between
the Taxi and LEM. The two LEM 350-VA inverters and the present LEM Electracal Con-
trol Assemblies are retained with no change.

5.1.3.1 System Description

The primary power for the Taxi is DC, except for the prelaunch phase when both the
AC and DC power requirements are provided by the GSE power source.

The recommended configuration uses batteries for all manned phases of the mission,
CSM-supplied power for the translunar phase, and a RTG and batteries for the quies-
cent phase. The AC power requirements are supplied by an inverter for all phases
except for that portion of the prelaunch phase supplied by GSE AC power.

Three descent stage batteries provide 36 kw-hr of stored energy during mission
phases up to lunar prelaunch. During the lunar quiescent phase, these batteries
provide the power in excess of the RTG capability. Two ascent stage batteries pro-
vide 18 kw-hr of stored energy for the lunar launch, beginning with the pre-launch
preparation through docking and crew transfer. The two LEM 350-VA inverters, one
on each DC bus, can individually supply the complete AC power requirements. The
second inverter is a back-up unit, and is only used when the first inverter fails.

The RTG provides quiescent power, supplemented by the three descent stage batteries,
as described above. It will be removed from the Shelter and connected into the Taxi
electrical distribution section and thermal loop for the cabin night heat require-
ments.

5.1.3.1.1 Feeder Configuration. Except for the additional feeder interconnection
in the descent stage necessitated by the RTG, the feeder configuration is the same
as for the LEM.

5.1.3.1.2 Bus Configuration. The bus configuration is the same as used in the LEM.
The two DC busses are paralleled through either or both sets of redundant feeders
which can be energized from any of the primary DC power sources. The AC bus may be
powered from either of two inverters or from GSE AC power when available.

5.1.3.1.3 Protection and Control Equipment. The protection requirements are the
same as for the LEM and the same equipment is proposed. Associated with each bat-
tery is an Electrical Control Assembly (ECA) which monitors the battery for over-
current, reverse current, and magnitude of current. A relay contact within the ECA
can be opened to disconnect the battery from its feeder. The contact opens auto-
matically in the event of an overcurrent condition; it may be remotely positioned
from the control panel in the cabin. An RTG control assembly carried in the Taxi .
will provide the means for electrically connecting the RTG into the Taxi distribu-
tion section.
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A relay junction box (RJB) and dead face relay (DFR) rpovides the means for dead-
facing and isolating the power interconnections of the GSE, CSM, descent stage
feeders, batteries, and RTG. In addition, the RJB provides relays and control
logic for automatic transfer from descent to ascent batteries either on receipt

of an abort signal, or on sensing the failure of two or more descent batteries to
supply power.

To isolate faults between bus and load, circuit breakers are provided at the bus.
The LEM configuration of circuit breakers and power diodes is used for isolating
feeder faults from the DC busses.

5.1.3.1.4 Silver-Zinc Batteries. The recommended ascent battery configuration is
the same as the LEM. The descent battery configuration recommended is based on
using the same battery as used in the Shelter. While the present LEM descent battery
could be used for the Taxi, it is preferable to use a modified battery for the
following reasons.

e By modifying the battery with extra plate area, two batteries could support
a descent mission within voltage regulation. This allows one descent battery
to be removed from the LEM complement of four descent batteries and still
allow for the completion of the descent mission with a descent battery fail-
ure.

e Taxi mission is 13 days longer than the LEM mission, which increases the
battery stand life by that length of time. The separator degradation can be
minimized by maintaining battery temperature between 40 and 60°F. Even so,
the reliability is lowered slightly. Since the Shelter battery has to be
designed for a long standlife (90-day mission) and must perform essentially
the same descent mission, it would be suitable for the Taxi and would pro-
vide increased probability for Taxi mission success.

e A common battery design for Shelter and Taxi would provide interchangeabil-
ity between the two vehichles.

e Development time for the battery modification is no problem for the time
period in which they are required. Development cost for the Taxi battery
is not affected since the Shelter battery requires a modification for its
long standlife.

The descent batteries are slightly longer and heavier than the LEM batteries, be~
cause of the increase in separator thickness and increased plate area required for
the higher two-battery profile.

5.1.3.1.5 RTG Power Supply. Provision is made in the Taxi to comnect the RTG into
the DC distribution section and the cabin thermal loop. A pigtail cable and con-
nector from the Texi is connected to the RTG once it is mounted to the Taxi. An
RTG control assembly (Taxi component) provides the means for connecting and control-
ling the electrical output of the RTG to the Taxi EPS.

A heat-pipe assembly installed in the Taxi is used to transfer the required amount
of radiated waste heat from the RTG to the cabin thermal loop.

5.1.3.2 Performance

The EPS performance will be the same as the LEM with respect to the electrical char-
acteristics of AC and DC voltage and AC frequency. The electric power and total

?wm
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energy requirements will differ from LEM because of mission changes. To accommodate
these changes, the batteries are sized according to the mission power profile and
the power available from the RTG.

The steady-state voltage limits for the battery are 28 to 32.5 v DC. The minimum
operating voltage for the subsystem DC load equipment are specified lower than

28 v DC to allow for voltage drops in circuit breakers, wire, connectors, contacts,
and current sensors.

The steady-state voltage limits for the inverter are 117 #1.17 v. The subsystem AC
load equipment voltage operating range will be 115 +2.5 v to allow for miscellaneous
voltage drops. The energy requirements and capacities are summarized below:

DC POWER AVAITABLE MAX. ENERGY
ENERGY USED*
(kw-hr) (kw-hr)
3-descent batteries (12 kw-hr, ea) 36 35.6
2-ascent batteries (9 kw-hr, ea) 18 15.7
1-RTG (50-w output) 16.6 16.5
CSM (translunar only) _— 11.0
POWER RATING MAX. POWER USED
AC POWER (va) (VA)
2-AC inverters (115 v, 400 cps, ea) 350 145.8

(one inverter used only as
backup)

5.1.4 Baseline Configuration

The only significant difference between the baseline and recommended configuations
are the descent batteries. The three modified descent batteries used for the base-
line configuration were rated at 13 kw-hr, 170 1b, with one redundant battery.
Therefore, with the baseline configuration (Fig. 5.1-7T), the total mission could be
completed with the loss of one battery. The energy requirements are increased
from 26 kw-hr.

5.1.5 Alternate Configuration - Zinc-Oxygen Batteries

As a means to reduce weight, zinc-oxygen (Z0X) batteries were considered as an
alternate to the silver-zinc descent batteries of the recommended configuration.
The ZOX batteries have the capabilities of delivering 50% higher energy per unit
weight than the best silver-zinc batteries. By use of this new type of battery, a
potential weight savings of 160 1b may be achieved. Although the ZOX batteries
are in the early state of development, it appears that the Taxi schedule would be

* pbased on a 1lh-day "all-night" mission
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compatible with the time required for their development and qualification. Thus,
it is felt that their use should be further investigated during the Phase C effort,
when a decision could be made on whether to develop them as a significant weight
saving alternate.

An oxygen-supply/pressure-regulating system and an electrical control assembly
would have to be developed for this configuration. All other basic controls,
logic power and energy requirements would remain essentially the same as the
recommended configuration. A schematic, including the electrical and reactant
control systems, is shown in Fig. 5.1-8.

The ZOX battery requires oxygen as a consumable at the approximate rate of 0.5 1b

per kw-hr of electrical output power. Eagle-Picher proposes the use of oxygen at
pressure of a 100 to 150 psi, whereas Leesona Moos Labs proposes to operate at at-
mospheric pressures. For this alternate configuration, it was felt that ‘the higher
pressure system might result in a more optimum weight. The oxygen is obtained from
the 3000 psi descent GOX tanks; a pressure regulator is required to drop and regulate
the pressure within the limit for the batteries. There is no tank penalty associated
with this oxygen requirement, since 24 1b of capacity are available in excess of the
metabolic oxygen requirement.

Since the electrical output characteristics of the ZOX battery closely parallels
that of the present LEM batteries, it was felt that similar control and monitoring
requirements would exist with the exception of the battery tap control. Also, con-
trol of the input oxygen supply is required. The power consumption for this con-
trol assembly was estimated at 7.5 w, 2.5 w higher than the battery ECA. The weight
was estimated at 10 1b, the same as battery ECA. Because of the higher estimated
power consumption of the ECA, control power energy requirements for the design mis-
sion was 0.8 kw~hr per battery higher than that estimated for the recommended
batteries.

Besides the oxygen supply and electrical control requirements described gbove, these
batteries will have to be temperature controlled within a range similar to the sil-
ver-zinc batteries. To maintain some interchangeability with the descent batteries
and to utilize the LEM system for waste heat removal, a cylindrical shape has been
assumed for the battery with longitudinal flanges for heat removal and structural
attachment to the cold rail. The battery would be located between the cold rails

in the same manner as the LEM descent batteries. It was estimated that excess heat
generated would be about 20% greater than the silver-zinc batteries, requiring about
10 extra 1b of ECS water. )

5.1.6 Potential Modification Per Flight

The guiescent energy requirement for the day mission is 20.5 kw-hr. This is 17 kw-
hr less than that required for the night mission. Therefore, it is possible to
remove one of the three descent batteries. However, this would result in reduced
reliability and probability of mission success, since a single battery failure would
preclude completion of a descent mission and thus require an abort. Therefore, it
is preferable to use three batteries which allows a trade-off of partial day-night
missions with increased reliability.

A potential modification for an all-day mission would be the elimination of the use
of the RTG and the removal of control and other equipment installed to support the

?/wmman.
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RTG use on the Taxi. The day mission, without the use of a RTG, requires 35.5 kw-
hr of energy from the descent power supply. Since the recommended configuration
descent power supply produces 36 kw-hr of energy, it is capable of supporting an
all-day mission without the use of the RTG.

5.1.7 Discussion of Configuration Choices

In considering the different EPS configurations to support the Taxi missions, the
following approach was taken:

e Only the descent power supply would be considered for revision, since the
ascent mission requirements are assumed to be the same as LEM
® Subsystem design optimization is centered about the quiescent phase, where

both electrical and thermal energy requirements have to be satisfied.

Table 5.1-4 is an energy and weight trade-off summary of the candidate configura-
tions evaluated.

5.1.7.1 RTG

The use of an RTG power source is always attractive where it can be continuously
loaded near its full load rating for long periods of time. The quiescent phase
time line of 330 hours, and the continuous load requirements of over 50 w for the
night missions and 43 w for the day mission, give this type of supply a significant
weight advantage over the best silver-zinc batteries.

An additional significant weight advantage of the RTG, is the use of a portion of
the excess generated heat to help maintain the cabin above LO°F during the lunar
night mission. (See Fig. 5.1-9 for the quiescent phase energy requirements.) It

is estimated that a total of 148 w of the thermal energy is required to make up the
cabin thermal losses. A "heat pipe" (boiler) concept has been investigated which
would be designed to convert enough of the RTG excess radiated heat to supply the
cabin thermal loop with 110 thermal w. The other 38 w required is obtained from the
electrical equipments in the cabin thermal loop. Without the RTG heat, an addition-
al 36 kw-hr of electrical energy would be required which would double the electrical
requirements for this mission phase. It has been assumed that the RTG will be in-
stalled on the Shelter and will be available for use on the Taxi after it lands

on the lunar surface. Thus, only the weight required to connect it to the Taxi
thermal and electrical systems are charged against the Taxi. (Refer to Table 5.1-5
for battery and RTG vs all-battery energy and weight trade-offs).

Because of its significant weight advantages, the RTG has been included in the
baseline, recommended, and alternate configurations.

5.1.7.2 Zinc-Oxygen Batteries

In comparison to silver-zinc batteries, Z0X batteries begin to show significant
weight advantages when energy requirements exceed the range of 7 to 10 kw-hr. From
its estimated performance, it appears that ZOX batteries could deliver upwards of
50% more energy per unit weight than the best performing silver-zinc batteries. It
was estimated that a ZOX battery configuration would be 160 1b lighter than the
recommended configuration (Table 5.1-4). For this reason, the ZOX batteries have
been proposed as an alternate configuration for the descent stage batteries.
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5.1.7.3 Baseline vs. Recommended Configurations

The main difference between the baseline and recommended configurations is the
concept of three 50% descent batteries for the baseline, three 33-1/3% (long-life)
descent batteries for the recommended configuration. All three descent batteries
are required for an all-night 330-hr quiescent phase, and for this critical design
mission they are considered non-redundant.

However, an all-day 330-hr mission can be supported by two descent batteries, and
in this case, the batteries can be considered as three 50% batteries, i.e., one
battery is redundant for the quiescent phase.

Also shown in Fig. 5.1-10 is: the maximum mix of a night-day mission that can be
completed with two batteries -- 70 hr of night and 260 hr of day; and the maximum
all-night mission (6 days) that can be completed with two batteries.
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Table 5.1-1a

TAXI ELECTRICAL POWER SUMMARY, TRANSLUNAR PHASE (111.6 hr)

(Includes 2.6 hrs for Lunar Insertion & Coast)

Avg, Powe?
Subsystem Power, watts Duty Cycle watts
Communications -~
S-Band Steerable
Antenna Heater - 6.0 Cont. 6.0
GN&C
Landing Radar Htr. 10,0 Cont, 10.0
Rendez Radar Htr, 25.0 16.5% L.2
IMU (Standby) 45,5 Cont, 45,5
ASA (Standby) 10.0 Cont, 10.0
Sub-Total 5.7
Distrib. Losses (7.5%) 5.7
Current Status Avg. Pwr. 81.4
Growth Allow (20%) 16.3
Design Avg. Power 7.7

Design Energy (111.6 hr x 97.7w) =10.9 kw=hr

«
-

e
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ELECTRICAL POWER SUMMARY - GO/NO DECISION PHASE
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It has been assumed that the following power will be required while awaiting a

go-no/go decision from the results of the Shelter check-out.

Power, Avg. Pover,
Subsystem watts Duty Cycle watts
S-Band Transceiver 36.0 Cont. 36.0
S-Band Pwr. Ampl. 62.0 Cont. 62.0
S-Band Steer. Ant.
coMM Elect. 1.7 Cont. 1.7
S-Band Steer. Ant.
Elect. (AC) 3.2 Cont. 3.2
S-Band Steer. Ant. Htr. 6.0 Cont. 6.0
Signal Processor Assy. 15.5 Cont. 15.5
VHF 31.0 Cont. 31.0
EL Lighting (AC) 6.2 Cont. 6.2
Master Alarm & Comp.
CREW Caut/ANN. Lts 1.6 Cont. 1.6
PROV | Flood Light 30.0 50% 15.0
Exterior Lights (2)* 150.0 Cont. 150.0
pIsp | Indicator Flags 9.6 Cont. 9.6
S.5. Meters 19.2 10% 1.9
ECA's 15.0 Cont. 15.0
Spacesuit 16.8V Pur.
EPS Supply 3.9 Cont. 3.9
Inverter Losses (assume
65% eff.) 5.6 Cont. 5.6
Cabin Fan (1) 39.0 Cont. 39.0
Suit Fan 152.2 Cont. 152.2
ECS | Glycol Pump 28.0 Cont. 28.0
COp Sensor 1.0 Cont. 1.0
ECS Relay Box 7.4 10% 0.7
PCMTEA 12.9 Cont. 12.9
Signal Cond. Elect. Assy. 44 Cont. 4y 4
INSTR | Caution & Warn. Assy. 22.0 Cont. 22.0
Sensors 15.8 Cont. 15.8
Voice Storage Rec. (AC) 2.5 2L 0.6
Rend. Radar Htr. 25.0 Cont. 25.0
IMU (Standby) 45.5 Cont. hs,5
LGC (Standby) 10.0 Cont. 10.0
GN&C | ASA 73.0 Cont. 73.0
AOT Htr. 5.0 Cont. 5.0
Rend. Radar Elect. 162.0 2% 3.2
Rend. Radar Elect. (AC) 14,0 2% 0.3
RCS | Cluster Heaters 80.0 (Avg.) Cont. 80.0
*Potential alternate addition to Sub-Total 922,8
recomrended configuration. Distrib Losses (7,57(,) 69.2
Current Status Avg. Pwr. 922.0
Growth Allow. (20%) 198.4
Design Avg. Pwr. 1190.4

Design Energy = (2.7 hr. x 1190.2w) = 3.21 kw-hr

1
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Table 5.1-lc

TAXI ELECTRICAL POWER SUMMARY, SECURE FOR QUIESCENT PHASE (0.2 hr)

It has been assumed that the following equipments will be on while the Taxi is being

secured for quiescent:

Power, Avg., Power,
Subsystem watts Duty Cycle watts
Communications
S-Band Steerable
Ant. Htr. 6.0 Cont. 6.0
Crew Provisions
Exterior Lights (2)%*¥ 150.0 Cont. 150.0
EPS
ECAs 15.0 Cont. 15.0
ECS
Glycol Pump 28.0 Cont . 28.0
Cabin Fan %* 39.0 Cont. 39.0
Suit Fan ¥ 152.2 Cont. 152.2
GN&C
IMU (Standby) 45,5 Cont. 45.5
LGC (Standby)* 10.0 Cont. 10.0
ASA (Standby) 10.0 Cont. 10.0
Taxil Sequencer Assy 0.5 Cont. 0.5
Rend. Radar Htr. 25.0 Cont. 25.0
Sub-Total 4831 .2
Dist. Losses (7.5%) 36.1
Current Status Avg. Power 517.3
Growth Allow. (20%) 103.5
Design Avg. Power 620.8
Design-Energy = (0.2 hr x 620.8w) = 0.12 kw-hr
* Shut-down at the end of 12-min. period.
¥ Potential Alternate Addition
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Table 5.1-1e

TAXI ELECTRICAL POWER SUMMARY, PRELAUNCH ACTIVATION PHASE (FIRST 9 MIN)

It is assumed that the following power will be required when reactivating the Taxi

from the quiescent phase:

Pover, Avg. Power,
Subsystem watts Duty Cycle watts
Communications
S-Band Steer.
Ant. Htr. 6.0 Cont. 6.0
Crew Provisions
Floodlighting 30.0 Cont, 30.0
EPS - ECA's 15.0 Cont. 15.0
ECS
Cabin Fan 78.0 Cont. 78.0
Suit Fan 152.2 Cont. 152.2
Glycol Pump 28.0 Cont. 28.0
CQ,.-Sensor 1.0 Cont. 1.0
Refay Box 7.4 10% 0.7
Instrumentation
PCMTEA 12.9 Cont. 12.9
Baution & Warn. Assy 22.0 Cont. 22.0
Signal Cond. Elect. Assy Lb 4 Cont. Lh 4
Sensors 15.8 Cont. 15.8
GN&C
Rend. Radar Htr. 25.0 Cont. 25.0
IMU (Standby) L5.5 Cont. 45.5
ASA (Standby) 10.0 Cont. 10.0
Taxl Sequencer Assy 0.5 Cont. 0.5
RCS Cluster Htrs. 1000.0 Cont. 1000.0
Sub-Total 1487.0
Dist. Losses (7.5%) 111.5
Current Status Avg. Power 1598.5
Growth Allow. (20%) 319.7
Design Average Power 1918.2
Design Energy = (0.15 hr x 1918.2 w) = 0.29 kw-hr
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TAXI ELECTRICAL POWER - PRE-LAUNCH ACTIVATION PHASE (REMAINING 49 MIN.)

It 1s assumed that the following power will be required after the first 9 min. of

Taxi re-activation

Subsystem Power, Avg. Power,
watts Duty Cycle watts
Communications
S-Band Transceiver 36.0 Cont. 36.0
S-Band Pwr. Ampl. 62.0 Cont. 62.0
S-Band Steer. Ant.
Htr. & Elect. 10.9 Cont. 10.9
Signal Processor Assy. 15.5 Cont. 15.5
Crew Provisions
Floodlighting 30.0 Cont. 30.0
EL Lighting (A.C.) 6.2 Cont . 6.2
Master Alarm Comp.
Caut./Ann. Lts. 1.5 Cont. 1.5
EPS
ECA's 15.0 Cont. 15.0
Inverter Losses
(assume 65% eff.) 5. Cont. 5.
ECS (same as "First 9 min") 259.9 Cont. 259.9
Instrumentation - {same as
"First 9 min") 95.1 Cont. 95.1
GNg&C
IMU (Standby) L5.5 Cont . 45,5
LGC (Standby) 10.0 Cont. 10.0
AsA (Standby) 10.0 Cont. 10.0
Taxi Sequencer Assy 0.5 Cont. 0.5
Rend. Radar Htr. 50.0/25.0 20%/80% 30.0
Rend. Radar Elect. 162.0 10% 16.2
Rend. Radar Elect. (A.C.) 14,0 10% 1.k
RCS Cluster Htrs. 1000.0 Cont. 1000.0
Sub-Total 1650.8
Dist. Losses (7.5%) 123.8
Current Status Avg. Pwr. 1774 .6
Growth Allow. (20%) 354 .9
Design Avg. Power 2129.5

Design Energy - (0.82 hr x 2129.5) = 1.75 kw-hr
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Table 5.1-1g

TAXT-ENERGY SUMMARY

MISSION PHASE PHASE TIME, hr | ENERGY, kw-hr | POWER SOURCE
Countdown, Launch Through
Transposition 6.80 0.80 Descent Batt.
Translunar 111.60 10.97 CsM (FCAS)
Preseparation c/o 1.25 2.00 Descent Batt.
Preseparation c/o .25 0.40 Ascent Batt.
Descent 1.70 3.39 Descent Batt.
Post Landing c/o 1.00 1.34 Descent Batt.
Post Landing c/o .25 0.34 Ascent Batt.
Go-No/Go Decision &
Secure for Quiescent 2.90 3.33 Descent Batt.
Quiescent (Night Mission) 330.00 16.5 RTG
21.0 Descent Batt.
Quiescent (Day Mission) 330.00 1k .0 RTG
6.50 Descent Batt.
Prelaunch Activation 0.97 2.0k Descent Batt,
Prelaunch Preparation 1.17 1.73 Descent Batt.
Prelaunch Preparation 0.50 0.74 Ascent Batt,
Powered ascent, orbit-
contingency, coast, rendezvous
dock & crew transfer 11.73 14 .2 Ascent Batt.
ENERGY, kw-hr
Power Source Night Mission Day Mission )
CSM 11.0 11.0
Summary ' | Descent Batt. 35.6 21.1
Ascent Batt. 15.7 15.7
RTG 16.5 14,0
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Table 5,1-2

BATTERY CHARACTERISTICS

Mod Desc (Estim.)
Tax1/Shelter

Characteristics Ascent (LEM/Tax1) Descent (LEM) Recomd Config
Designation Asc-1C Desc II-B Desc. (Mod)
No. Cells 20 20 20
Weight, 1b 130.5 139 147
Volume, cu in. 1545 1500 1630
Dimensions in. (h x w x 1) 8.0 x 5.125 x 37.0 10.0 x 8.813 x 17.5 10.0 x 8.813 x 19 ©
Capacity amp-hr 340/300% 400 koo
Energy, kw-hr 10.2/9.0% 12.0 12.0
watt-hr/1b 78/69% 91 82
watt-hr/cu 1n. 6.6/5.8% 8.2 7.35
Mission watt-hr/1b 62 1y 60 82 81
watt-hr/cu 1n. 5.2 5,005 7.5 7.3
Wt of Terminals & Other Hdwe, 1b Zero 0.4 0.4
Canister Weight, 1b 10 5 10.0 10.2
Canister Material Mg Mg Mg
Religbility Estimate 0.995 (LEM Mission) 0.995 (LEM Mission) 0.998 (Tax1 Mission)
Cycling Capability 3 3 (Test only) 3 (Test only)
Cell Weight, 1b 6.0 6.28 6.63
Silver Weight/Cell, gm 952 956 975
Zinc Weight/Cell, gm Th6 850 865

Cell Dimensions, in. {w x th x h)
with Terminal

without Terminal

4.9 x1.82 x 7.5
4,9 x1.82 x 7.0

4.3 x 1.68 x 9.25
4.3 x 1.68 x 8.75

4.3 x 1.76 x 9.25
4,3 x 1.76 x 8.75

No. Cells, Positive/Negative 12/13 9/10 11/12
Total Effective Cell Area, sq 2n. 620 Lok 60k
Separator System

Electrolyte Qty, cc,wt, gm,Conc, % 320/432/35 300/420/40 330/460/40

36.9/30.5/29.2
36.3/29.4/27.1
26.2/27.0/29.2
32.2/33.5/35.8

36.9/30.5/29.2
36.3/29.4/27.1
26.2/27.0/29.2
32.2/33.5/35.8

Voltage at 10 amp, Initial/Plateau/Final 31.4/30.9/29.5

Voltage at 40 amp, Initial/Plateau/Final 30.2/30.1/27.h4

Min. Voltage (40 amp) at 30°/80°/160°F -

Max. Voltage (4O amp) at 30°/80°/160°F -

Capacaty after 30 days charged
Stand at 32°/80°100°F 1.1¢/1.1¢/1.025¢C

1.0¢/1.0¢/0.9C 1.0C 1.0C 0.9C

Heat Generated Btu T,200/3,800%* 16,600/9, 800%*

Specific Heat .19 0.19 0.19
Short Circuit Current into 0.0l © Load, amp 750 600

Mounting Structure Weight, 1b 5 5 5
ECA Weaght, 1b 10 10 10

* After Predascharge
¥%  Normal LEM Mission/Abort (1 Battery)
*%% } Battery/3 Battery LEM Mission
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Table 5.1-3

SNAP 27 (RTG) CHARACTERISTICS

Fuel

Mission Life, yr

Reliability

Net Power Output

RTG Output

Thermal Power Input, watts
Overall Efficiency, %
Thermoelectric Efficiency, %
Converter/Regulator Efficiency, %
Radiator Efficiency, %

RTG Configuration

Overall Weight, 1b
Converter/Regulator Weight, 1b
RTG Weight, 1b

RTG Dimensions, in.

Thermoelectric Materials

No. Couples
Hot Junction Temp.
Cold Junction Temp.

Radiator

Pu 233
1

0.9

50 watts 29 DVC*1%
56 watts minimum 14V
1400

3.6

5.5

90

Finned Cylinder

50 (nominal)

N

30.L

18.1 long x 16.5 dia.
Pb Te (N)

PB Sn Te (p)

392

1100°F

525°F

Beryllium Fins




ENERG)

Power Config | Desc Batt Main Batteries
Source No. Energy Rat'g | Wt,
Reqmt, kw-hr | No.| Type kw-hr |1lb/ba
A-1 35.6® 3 Mod [L2.0 147
One Desc
RTC @
& A-2 37.3 4 | AgZn | 9.4 121
AgZn
Batts A-3 26.(@ 3 13.0 170
B-1 38.1 3 2.7 87
Zn0
One 2
RTG B-2 40.6 4 0.2 TL
&
Zn0
Bat%s
C-1 22.5 3 Med | 7.5 104
Two Desc
RTGs AgZn
&
- 21.0 .
AgZn c-2 L4 5.25 78
Batts
Two D-1 22,5 3 7.5 56
RTGs
& ZnO2
Zn0, D-2 2,1 L 6.0 L7
Batts 55
AgZn E-1 98.5 6 Mod L6k 183
No RTG Desc
AgZn

Bl



Table 5.1-4 @

f AND WEIGHT TRADE-OFF SUMMARY

Acc | Total RTG ECA Total | Major Disadvs | Remg
Wt, |Batt Wt, Wt, [Energy, Wt, Wt, Advantage No.
tt | 1b 1b No. | 1b |kw-hr | No.| 1b 1b Cap
L1 bo| 3L 488 | Note 3 3/33
Recd
L 8L 5 | bk 541 Note 4 Weight L4 /25
510 1 |13 [16.5 L | 3k 557 Note 11 3/50
Basd
9 261 Lo 34 317 | Note Sched 3/33
6 & 12 & Cost Batt
O to Devel | Altd
10.5 2848 5 | Lk 351.5 | Note 13 & L /25
Reliab Batt
of
Zn0
Z
Batts
312 31.3 5 |38 426 Note 5 RTG 3/37
Cost
&
12 2.8 Taxi d
3 3 6 |48 436 Note 1k Vo L /21
2 |76
9 168 33.0 | 5 |38 291 Notes Same 3/3
5&6 +Sched
&
10.5 188 33.0 6 |48 323 Notes Costs to | 4/2
6 & 15 Devel &
Relaiab.
1100 6 |60 1160 | Note T Weight
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NOTES:
1. RTG Supplies All Loads To Full Load Rating, The Batt
Top Off RTG.
2. First RTG On Shelter; Taxi Penalty Is For Mount. & Inst.
3. Complete Day Mission Or 6.3 Days Of Night Mission With
One Batt Failure At Begin Of Mission.
L, Complete Day Mission Or 9 Days Of Night Mission With One
Batt Failure At Begin Of Mission.
5. Complete Day Mission With One Batt Fail At Begin Of
Mission.
6. Light Weight,
7. No RTG Or Prob In Moving To Taxi.
8. Zn-0o Batt And 02 React Wits Without Fluid Syst Hardware
(Ace. Wt).
9. Baseline Was Based On The Prelim Energy Reqmts Of 26
Kw-H; Latest Regmts Are 35.6 Kw-H.
10. B-1 And A-]1 Differ By 2.5 Kw-Hr Because Of Extra Control
Power Regmts For 2 Zn0O2 Batt.
11. Complete Day Mission Or 7.6 Days Of Night Mission With
One Batt Failure At Begin Of Mission.
12. Complete Day Mission Or 7.2 Days Of Night Mission With
One Batt Failure At Begin Of Mission.
13. Complete Day Mission Or 10.6 Days Of Night Mission With
One Batt Failure At Begin Of Mission.
14. Complete Day Mission With One Batt Failure At Begin Of
Mission.
15. Complete Day Mission Or 2.25 Days Of Night Missaon With

One Batt Failure At Begin 6f Mission.

Assumed
ECA-TYPE Regmts.
wt,1b watts
AgZn Battery 10 5
Zn0y Battery 10 7.5
RTG L 5
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ALL BATTERY vs BATTERY/RTG-NIGHT/DAY TRADE-OFF

A. ENERGY, kw-hr
All Battery Battery & RTG
NIGHT RTG Battery
MISSION Avg. Pwr’ Energy, Avg Pwr, Energy,|Avg Pwr,|Energy,
watts Kw=hr watts Kw-hr watts Kw-hr

Quiesc Phase

(330 nr)| 68.1k4 22.3 50 16.5 63.5 21.0
Thermal (Elect)|1L48.0 49.0 (110) 36.3 - -
Subtotal 216.1L 71.3 160 52.8 63.5 21.0
Energy,
Other Phases 14.6 14.6
Total (Note 1) 85.9 88.4
DAY MISSION
Quiesc Phase

(330 nr)| 62.12 20.5 43.2 14.0 18.9 6.5
Thermal/Elect - - - - - -
Subtotal 62.12 20.5 43.2 1hk.0 18.9 6.5
Energy,
Other Phases 14.6 14.6
Total 35.1 35.1

B. WEIGHT, 1lb
Night Mission Day Mission
All-Battery Battery & RTG| All Battery | Battery & RTG

Batteries (6) 954 Ly Ly 270
Battery ECAs (6) 60 30 30 20
RTG Instl - 13 - 13
RTG-ECA - L - 4
Total Wt 101k 498 471 307 .
Notes: 1. Difference of 2.5 kw-hr lies in growth allowance for the 37.8-watt load

in cabin thermal balance.

The RTG configuration contributes 20% growth
whereas the all-battery configuration already includes its growth in the
electrical heater.

?Mzﬂm
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Energy, kw-hr

11.0
35.6
15,7
16.5

NOTE: Design Power &
Energy Levels Shown
Include Dist. Losses
(7.5%) & Growth Allow-

DB = Descent Batteries
AB = Ascent Batteries
* Based on Night Mission

Totals
CSM (FCA)
Desc Batt
T Asc Batt
7 RTG
5
4
%
DB
3.77T W
kw-hr [
g ance (20%).
AB
0.74 7
kw-hr
g
n Warmup “"ﬁ el AB = 14, 21 kw-hr
nC/O Every | oo é
tion & Powered Ascent, Orbit —e
Prepar- ] Contingency, Coast, Rendezvous
ation -1 Dock & Crew Transfer
/
- 2
:-—RTG/ 2
2.6 —ﬂ— 11,73
t
30 min
hr

Fig. 5.1-1a Electric Power Profile
Complete Mission
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Battery Internal Temp, °F
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160
9, Rated Capacity % Reliability
140.
B —_— 60
0.80
3 70
0.90
120
0.95
. 0.99
100
n 0.995
80 ’— Based On:
. e Ascent Batteries Predischarged
T’ o Descent Batteries Discharged in
Descent Mission
0 1 1 y - ‘ 1 l 1 J 1 '4L 1 f
0 4 6 8 10 112 14

Lunar Stay, days

Fig. 5.1-2 Estimate Ascent/Descent Battery Capacity Retention
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Watt-hr/1b
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|
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1 1 |
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Battery Size, kw-hr

40

Fig. 5.1-3 Estimated Merit Factors For Silver Zinc & Zinc-Oxygen

Batteries
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Load Power, watts

Output Voltage, volts

60 -

40}

20#

Full Load 50 watts

/’

30[-

Upper Limit

Lower Limit

*Nominal Voltage Set

28 at 29. 15 volts
27
L |
>
L 1 | L ]
0 0.4 0.8 1.2 1.6 2.0

Load Current, amp

Fig. 5.1-6 SNAP 27 (RTG) Performance
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5.2 ENVIRONMENTAL CONTROL

5.2.1 Ground Rules

The following ground rule was applicable to this subsystem:

o TFor manned operations the cabin atmosphere shall be maintained at 75 #5°F
and 40 to 70 percent relative humidity.

5.2.2 Assumption and Background Data

In establishing the functional requirements of the Taxi Environmental Control
Subsystem (ECS) configurations, the following assumptions were used:

o Taxi flight phases prior to lunar touchdown and subsequent to lift-off
are identical to IEM

® Surface phases of the Taxi mission conform to the generalized timeline in
Table 5.2-1

e Electrical heat loads are those assoclated with the power profiles defined
in Paragraph 5.1

e Heat loads imposed on the ECS by the external thermal environment are as
described in Paragraph 4.1

® The Taxi ECS must be capable of completely automatic operation during
quiescence

e The ECS must be capable of supporting lh-dasy quiescence in either a lunar
day or night external thermsl environment,

5.2.3 Recomended Configuration

The recommended ECS configuration is capable of meeting the demands of Taxi missions
in either a day or night externsl lunar surface thermal environment. Minor modifica-
tions are necessary to the LEM ECS to provide this capability.

Since the functional and operational requirements of the atmosphere revitalization,
and oxygen supply and pressurization control sections of the LEM ECS remain un- _
changed for Taxi missions, no changes to existing LEM hardware or to the manner in
which it is configured are contemplated. Modifications and additions are, however,
necessary in the heat transport and water management sections to:

o Minimize electrical heating requirements for night missions

0 Minimize water requirements for heat rejection during lunar day

o Provide for thermsl requirements of batteries and thermally sensitive

electronic equipments during the quiescent mission phase.

The following paragraphs describe the recommended Taxi ECS sections with emphasis
on the manner in which they differ from their LEM counterparts.

5.2.3.1 Atmosphere Revitalization Section

The functional and operational requirements of the Taxi Atmosphere Revitalization
Section (ACS) are identical to those of the LEM (Fig., 5.2-1). No configuration
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or hardware changes are contemplated. However, since the Taxi mission is less
demanding with regard to crew support durations, a reduction in the quantities of
LiOH required for the removal of metabolic carbon dioxide in the ARS and PLSS can
be realized. The LEM cabin is occupied for 75 man-hrs (ARS Support) while the
cumulative EVA duration is 24 man-hr (PISS Support). For the Taxi mission, the
corresponding cabin occupancy is 39 man-hr, while the cumulative Taxi supported
EVA duration is 4.3 man-hr. Table 5.2-2 compares the LiOH requirements for the
LEM and Taxi missions.

5.2.3.2 Heat Transport Section

The requirement for a 1lb-day quiescent lunar surface storage capability requires
that modifications be made to the LEM Heat Transport Section (HTS). The modified
HTS configuration is shown schematically in Fig. 5.2-2. A manual diverter valve
has been added upstream of the IMU and ASA coldplates, such that during night-

time quiescent storage, coolant may bypass these components to reduce their electri-
cal heating requirements from 118.5 to 18 w average.

Since heat must be provided to maintain the Taxi ascent stage within acceptable
temperagture limits during nighttime quiescence, Radioisotope Thermoelectric
Generator (RTG) waste heat utilization equipment has been added (Fig. 5.2-3).

It is capable of transporting 500 to the ascent stage structure of the Taxi.

The system is designed such that the vehicle will reach and maintain thermal equil-
ibrium (at approximately 60°F) with the external environment. Distilled water is
used as the heat transport fluid and operates at a temperature and pressure of
250°F and 30 psi, respectively.

The RTG heat utilization sub-section operates in the following manner. Prior to
system activation, water is stored on the condenser side of the control valve . The
control valve electrically opens when sensors mounted on the ascent stage signal that
structural temperatures have reached a predetermined lower Ltimit. Water is gravity
fed to the boiler, where it evaporates and rises to condensers which provide a
thermal path into the ascent stage pressure shell. The steam condenses and returns
to the boiler by gravity feed, beginning another cycle. The vehicle tempera-

ture rises and eventually reaches equilibrum. If the external environment changes
and the maximum temperature limit of the ascent stage structure is exceeded, the
valve closes. When this occurs, condensate collects above the control valve, and
the temperature and pressure of steam remaining in the boiler rises. The control
valve, having relief capability, eventually cracks and equalizes overall system
pressure and then closes again. The system remains in a non-operating state with
residue steam at LOO°F on the boiler side of the control valve and the remaining
fluid in condensate form on the condenser side of the valve. In the non-operating
mode, the heat leak across the control valve is 7.5 which has a negligible effect
on ascent stage temperature.

The weight summary for the RTG heat utilization equipment is as follows:

Component Weight (1b)
Condenser 1.30
Boiler 1.12
Control valve 1.25
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Component Weight (1b)
GSE connection 0.15
Interstage fitting 1.13
Sensors 0.50
Controllier 1.50
Insulation 1.30
Water 0.15

TOTAL 8.70

Electrical power has been allocated to the HTS on a 25% duty cycle, to support
distribution of the heat supplied to the ascent stage by the RTG heat utiliza-
tion equipment. A thermsl path is provided between the pressure shell and the
coolant loop to transfer the RTG heat to the HIS. The pump will be energized
by signals originating from thermal sensors mounted on temperature sensitive
equipment when their temperature reaches pre-determined lower temperature limits
and will be de-energized when a nominsl temperature (60°F) is reached.

During the 330-hr day quiescence, the primary HTS will operate approximately 25%
of the time. Sensors will monitor those equipments requiring periodic cooling and
energize the coolant pump and the water evaporator water feed valve (Paragraph
5.2.3.3) when cooling is required. Approximately 200 1b of water must be stored
on the Taxl for waste heat rejection by water evaporation for the 330-hr pericd.
Thermal water requirements for a day quiescent storage mission are itemized in
Table 5.2-3 for each Taxi mission phase.

An automatic pump control, recently deleted frm the LEM ECS will be added to the
Taxi HTS., It will receive differential pressure signals from the glycol pump
differential pressure sensor presently incorporated on the LEM. If the glycol
pump differential pressure drops below a preselected valve during the time the
primary glycol pump is energized, the automatic pump control will de-energize the
primary pump and energize the secondary pump.

5.2.3.3 Water Management Section

To meet the demands of the quiescent storage period, the Taxi Water Management
Section (WMS) must provide for the following.

® Positive shutoff of water feed to HIS water evaporators during lunar night
to prevent the continuous sublimination of water

e Automatic opening of water feed to HTS water evaporators to provide heat
rejection during lunar dsy

e Addition of small quantities of heat to the descent stage water tank to
prevent freezing

® Provision of a sufficient quantity of water to reject all HTS heat loads
associgted with day quiescence.

To control water feed to the HTS water evaporator, a solenoid actuated valve has
been added to the WMS as shown schematically in Fig. 5.2-4., This valve will be
closed during lunsr night and during those portions of lunar dsy when sctive heat
rejection is not required. .
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Since the descent stage water tank is located in the same quadrant as the RTG,
tubing associated with waste heat utilization equipment will be routed such that
a sufficient quantity of heat will be provided to prevent freezing.

Table 5.2-3 presents an itemized tabulation of Taxi water requirements for the
critical all-day mission. The following were assumed for this analysis:

Taxi flight per LEM ECS Critical Design Mission -
Electrical loads during flight per LEM EPS Sizing Load Analysis
Surface mission per Taxi Timeline Analysis (Section 3)

Surface electrical loads per Taxi Load Analysis (Paragraph 5.1)
Maximum Ascent stage temperature 90°F

Thermal protection as described in Paragraph h4.l.

Storage provisions for the required water are summarized in Table 5.2-4. The two
LEM ascent stage tanks filled to capacity and the one LEM descent stage tank off-
loaded approximately 4O 1b are sufficient to satisfy these requirements.

5.2.3.4 Oxygen Supply and Pressurization Control Section

The storage, pressure regulating, and delivery equipment associated with the
Oxygen Supply and Pressurization Control Section (0SPCS) are unmodified for the Taxi.

LEM ECS oxygen is stored at ambient temperatures and high pressure. It is con-
tained in two small (2.2-1b capacity each) tanks located in the ascent stage aft
equipment bay and one large tank (45.2-1b capacity) in the second quadrant of the
descent stage. Characteristics of these tanks are summarized in Table 5.2-T7. The
ascent stage tanks are filled to capacity to satisfy the ascent ECS oxygen require-
ments for the Taxi flight phases subsequent to 1lift-off since these phases are
assumed identical to LEM. Table 5.2-5 shows a detained breakdown of ascent oxygen
requirements.

The Taxi descent oxygen tank requirements were determined using the Taxi ECS sur-
face mission profile and the flight plan of the LEM ECS Critical Design Mission.

The Taxi mission profile is identical to the LEM Critical Design Mission from lunar
orbit checkout to post-landing check. TFor these mission phases, the oxygen require-
ments are assumed ldentical. Taxi ECS Oxygen Requirements (Table 5.2-6) were
developed based on the surface mission profile and the following oxygen consump-
tion rates and vehicle parameters:

e Csbin leakage at 5 psiat 0.2 1b/hr
e Oxygen supply system leakage:
high-pressure components : 0.005 1b/hr
low-pressure components:¥ 0.005 1b/hr

e Metabolic consumption rate 0.081-0.130 lb/man-hr
¢ Oxygen per cabin repressurization 6.9 1b
e Number of cabin repressurizations 2

* Since these components are in the Taxi cabin, this leakage is applied only when

the cabin is unpressurized.
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PISS oxygen tanks are charged prior to Earth launch and are not refilled prior to
lunar liftoff. This is consistent with current LEM guidelines.

As may be observed in Table 5.2-7, Taxi oxygen requirements are approximately 23.4
1b less than the storage capability of the LEM descent stage tanks and will be off-
loaded accordingly.

The OSPCS is illustrated schematically in Figure 5.2-5.

5.2.4 Baseline Configuration

The recommended Taxi ECS configuration differs from the baseline in the following
areas:

o The LEM Heat Transport Section has been reconfigured because of battery cool:
considerations. '

e Refinement of vehicle thermal balance for quiescent storage increased the
water requirements for day missions from 120 to 200.5 1b

® A solenoid water shutoff valve was added to the evaporator water feed line
to prevent water sublimation during night guiescence.

The recommended configurgtion reflects the latest LEM HTS design which arranges the
coolant network such that battery heat loads may be removed by the addition of a
small (2800 Btu/hr) water evaporator.

The addition of a solenoid water shutoff valve for the primary HIS water evaporator
(Paragraph 5.2.3.2) is required to prevent water sublimation during night quiescence
This valve is opened in response to cabin temperature sensors to provide heat re-
Jjection during lunar day and represents a refinement to the baseline configuration.

5.2.5 Alternate Configuration - Zinc-Oxygen Batteries

An alternate configuration, utilizing three Zinc-Oxygen (ZOX) batteries in place of
the LEM descent stage batteries is discussed in Paragraph 5.1. These batteries
would impose the following additional requirements on the Taxi ECS:

® 23 1b of additional oxygen in the descent stage tank
® 3.5 1b additional water for evaporative cooling (10 to 20% increase
in heat dissipation from Z0OX batteries).

The additional oxygen requirement can be met, since the recommended ECS offloads
23.4 1b of oxygen from the descent stage tank. Although 22 1b of useable oxygen
are required for the ZOX batteries, a slightly larger quantity must be carried to
meet the minimum (100 psi) oxygen supply pressure required throughout the ZOX
battery operating life. During the mission phases requiring continuous coolant pump
operation, the additional battery heat load can be accommodated by the coolant loop.
The descent stage water tank can accommodate the additional 3.5 1b of water requir-
ed to dissipate the added battery heat load.

5.2.6 Alternate Configuration - Passive Utilization of RTG Waste Heat

The RTG waste heat utilization equipment described in paragraph 5.2.3.2 may be

eliminated by mounting the RTG on top of the Taxi descent stage and incorporat-
ing provisions for controlling the thermal coupling between the RTG heat source
and the ascent stage pressure vessel. The thermodynamics of this alternate con-

SECRET
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figurations are discussed in Paragraph 4.1. 1In this configuration, the RTG is
installed in an insulated enclosure which exposes the generator to both space and
a selected portion of the ascent stage structure. Radiation to the ascent stage
is controlled by a hinged panel which is actuated in response to an ascent stage
temperature sensor.

5.2.7 Potential Modifications Per Flight

Water requirements have been sized for the most severe mission, all day. Off-
loading of water for other mission times, approaching the all-night mission case,
may be considered a potential per flight modification. The payload capability
made available by this off-loaded water could be used for items such as film for
the Shelter scientific mission.

5.2.8 Discussion of Configuration Choices

Paragraph 5.1 discusses in more detail the possible use of ZOX batteries as an
alternate to the recommended RTG-LEM battery configuration. The only requirement
that would be imposed on the Taxi ESC by the selection of ZOX batteries would be
the storage of an additional 23 1b of oxygen. Because of the reduced metabolic
requirements for the Taxi mission, this quantity could be stored with no tankage
penalty.

The alternate location for the RTG, on top of the descent stage, was not selected
because of the potential difficulties in transferring the RTG from the Shelter to
this position. The location selected in the descent stage scientific equipment
bay is the same as for the LEM,



(VI)5-h2

Table 5.2-1

TAXTI SURFACE MISSION TIMELINE

Duration, hr 1,22 2.89 329 1.2 0.1 1.59
Post- Taxi Quiescent Taxi Taxi Taxi Active
Phase Landing | Shut- Stay Activa- Activa-| Prelaunch c/o
Checkout | down tion tion
Cabin Pressure 5 0 0 0 5
Status, psia
Suit Pressure 0 3.7 - 3.7 3.7 0
Status, psia
No. Men on 2 1 0] 1 2
ECS
Touch Cabin Secure Reactivate 2nd Man Repress. Lift
Down Dump for Entry off
Storage
Table 5.2-2
ILTOH REQUIREMENTS
Paramet¢r Capacity
No. per Total Actual
Cartridge Cartridges | Cartridge |[Capacity, Regmt,
Location man-hr man-hr man-hr
LEM
Cabin ARS 2 Lo 80 75
PLSS 8 Y4 32 2l
Taxi
Cabin ARS 1 40 4o 39
PLSS 2 4 8 2
Dia. |Length
Wt,1b | iin. in.
Cabin Cartridge| 7.6 1b | 7.9 12
PLSS Cartridge | 4.4 1b | 5.5 12




Table 5.2-3

WATER REQUIREMENTS

(V1)5-43

Net Produced | Net Cumul
Phase Description | Time Thermal | PLSS,| Meta- in LiOH {Stor- |Total,
hr Control, 1b |bolic Make-|Reaction, age, 1b
1b up, 1b 1b 1b

Checkout 1.5 10.72 6.80 .33 .12 17.17 | 17.73
Separation .002 .22 - - - .22 | 17.95
Prepare for 478 4.6h - .05 .02 L.e7 | 22.62
Descent

Orbit Insertion .010 .08 - - - .08 | 22.75'
Coast to Pericyn. |1.0 10.07 6.80 22 11 16.98 | 39.73
Initial Powered .10 1.04 - .02 .01 1.05 | 40.78
Descent

Final Powered .003 .36 - .01 - .37 | L41.15
Descent

Hover to Touchdown| .05 .51 - .01 - .52 1 41,67
Post Landing Check| 1.22 |10.52 - .28 11 10.69 | 52.36
LEM Taxi Shutdown | 2.89 |13.75 - .30 .13 13.92 | 66.28
Quiescent Stay 329.00/200.5 - - - 200.5 |266.78
ECS Activation 1.2 2.10 - .10 .05 .16 268.9)4_

.10 .01

Taxi Activation 1.59 [13.48 - .36 .13 13.71 {282.65

Pre-Launch Check

Residual Water 16.40 1b

Descent Stage Total 299.05 1b
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TABLE 5.2-3 (Cont.)

Net Produced Net Cumul
Phase Description Time Thermal } PLSS,| Meta- | in LiOH | Stor-| Total,
hr Control,| 1b bolic Reaction, age, 1b
1b up, 1b 1b 1b
ASCENT STAGE STORAGE
Final Pre-Launch
Prep .50 4.68 Al ol L.75 L. 75
Powered Ascent .125 1.17 .03 .0l 1,19 5.94
Orbital Contingency .50 4.86 .11 Ok 4.93 | 10.87
Orbital Contingency 7.0 30.90 1.54 .55 31.90 | ko.77
Orbital Contingency 1.5 13.k2 .33 .12 13.63 | 56.40
Insert into Trans.
Orbit .002 .02 - - .02 | 56.42
Coast in Trans.
Orbit 1.5 16.50 .33 .13 16.70 | 73.12
Rendezvous 0.4 4.38 .09 .0k L.43 | 77.55 |
Docking .25 2.42 .06 .02 2.46 | 80.01
Crew Transfer .33 1.14 .07 Ok 1.17 | 81.18
Residual Water 5.05 1b
Ascent Stage Total 86.23 1y




Table 5.2-4

WATER STORAGE TANK CHARACTERISTICS
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Parameter Ascent Descent
Stage Stage

No. Tanks 2 1
Storage Pressure,psia

Initial (80°F) 43 4h.5

Final (35°F) 10 21.7
Tank Diameter, in. .7 28.3
Tank Volume, (usable, internal) cu ft 0.915 7.1
Tank Weight, 1b 5.7 23.7
Usable Fluid, lb Lo.6 282.65
Total Fluid, 1b 43.1 299.05
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Table 5.2-5

OXYGEN REQUIREMENTS-ASCENT STAGE STORAGE

Phase Description Time |Metabolic, | Met + Met + Cabin | Cumul
hr 1b/hr Leak, Leak, Re- |Total
1b/hr 1b press,| 1b
1b
Final Pre-Launch Prep. .50 .164 .36L4 .182 - .182
Powered Ascent .125 234 L3k .05k - .236
Orbital Contingency .50
Orbital Contingency 7.0 162 362 3.258 - 3.hok
Orbital Contingency 1.5
Insert into Trans. - .234 L3k .001 - 3.k95
Orbit
Coast in Trans. Orbit 1.5 .182 .382 .573 - 4,068
Rendezvous 0.k .202 .bo2 .161 - L.229
Docking .25 .202 .bo2 .100 - 4,329
Crew Transfer .33 - - - - 4.329
Residual Oxvgen .480 1b
Total Oxygen 4.809 1b




Table 5.
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OXYGEN REQUIREMENTS-DESCENT STAGE STORAGE

(VI)5-k7

Phase Description Time, Metabolic, |[Met + Leak, [Met + Leak, |Cabin Cumul
hr 1b/hr 1b/hr 1b Re- Total,
press, 1b
1b
GOX Fill to check-
out 143,73 - .010 1.437 - 1.437
Checkout 167 .16k .369 .062 - 1.499
Separation .022 .226 431 .009 - 1.508
Prepare for Descent 48 .226 L4312 .206 - 1.71k
" Orbit Insertion .010 .226 431 .00k - 1.718
Coast to Pericyn. 1.0 .226 431 431 - 2.1k49
Initial Powered
Descent .10 .226 431 .043 - 2.192
Final Powered
Descent .033 .2h8 L453 .015 - 2.207
Hover to Touch-
Down .050 .248 453 .023 - 2.230
Post Landing Check 1.22 .16Lh .369 450 6.90 9.580
Taxi Shutdown 2.89 .130 .135 .390 - 9.970
Quiescent Stay 329.00 - .010 3.29 - 13.26
ECS Activation 1.20 .130 .135 1.62 - 1L4.88
.10 .260 .265 .032 6.90 |21.812
Taxi Activation
Pre-Launch Check 1.59 164 .369 .587 - 22,399
Residual Oxygen 1.680 1b
Descent Stage Total 2L.079 1b
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Table 5.2-T

OXYGEN STORAGE TANK CHARACTERISTICS

Parameter Ascent Stage Descent Stage
LEM & Taxi LEM Taxi
No. Tanks 2 1 1
Storage Pressure PSIA 1000 27ho 1320
(Filled, 95°F A/S, 160°F D/S)
Tank Diameter, in. 11.76 21.67 21.67
Tank Volume-cu ft/tank 0.49ok 3.089 3.089
Tank Weight, 1lb/tank 2.97 46.5 46.5
Usable Fluid, 1lb/tank 2.17 45.175 21.812
Total Fluid, 1lb/tank 2.41 46.675 2k.079
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Abbrewviations Used on Heat Transport Diagram
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: i ATCA Attitude & Translation Control Assy
CWE Caution & Warning Assy
RRE PQGS 1 1 : SCEA Signal Conditioning Electronic Assy
wd 1 PCMTE Pulse Code Modulation & Tuning Equipt
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Component Design

Condensers
e Four condensers mechanically
attached inboard of thermal
shield to pressure shell webs.

® Radiation heat transfer from
localized area to remaining cabin.
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Fig. 5.2-3 RTG Heat Pipe
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5.3 GUIDANCE, NAVIGATION & CONIROL

5.3.1 Ground Rules

The Taxi shall have the ability to land with the aid of a transponder.

5.3.2 Assumptions and Background Data

In addition to the NASA ground rules, the Taxi Guidance, Navigation and Control
(GN&C) Subsystem was configured based on the following assumptions:

e Astronauts will accomplish post-landing checkout and place Taxi into
storage mode

e Thermal limits of 135 * 5°F and 105-t0-120°F will be maintained on the
Inertial Measuring Unit (1MU) and Abort Sensor Assembly (ASA), respectively

e Periodic status checks of critical systems, including IMU agnd ASA gyro
temperatures, will be performed during the gquiescent phase and results tele-
metered back to Earth via S~band communications

® Astronauts will perform pre~launch checkout and warm-up of all systems

® Taxi will land within walking distance of the Shelter,

5¢3.3 Recommended Configuration

The recommended Taxi GN&C Subsystem (Fig. 5.3-1) is the same as the LEM except for
the addition of a time sequencer to periodically activate the equipment necessary to
perform status checks during quiescent storage. The recommended configuration is to use
a self-contained timer to initiate the checkout procedure, with sequencing performed
by either the timer or by time-~delay relays. The timer can be either electrically
operated, spring driven with an electric rewind, or completely spring driven for

14 days.

N XY

To land the Taxi within walking distance (approximately 1000 ft) of the Shelter,

the CSM transponder electronic and antenna assemblies are incorporated into the
Shelter for use in conjunction with the Taxi rendezvous radar. The LEM Primary GN&C
Subsystem has an overall design objective of achieving a lunar landing circular error
probability (CEP) of 3000 ft for landing sites not marked by a surface transponder.
The use of the rendezvous radar/transponder as a landing aid will reduce the CEP to
200 ft.

The angular coverage provided by the CSM transponder, at angles close to the horizon,
varies in radiation level between -1 and -15 db. The proposed mission trajectories
will be incident to a landing site within these angles. Because of the holes in the
coverage pattern, the rendezvous radar transponder maximum range will be reduced from
400 to 70 n.mi. Horizon coverage may be improved by minor modifications to the
present system, such as coupling the transponders on opposite sides of the Shelter,
or a new antennsg configuration.

5.3.4 Baseline Configuration

There is no difference between the recommended and baseline configurations.
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5.3.5 Alternate Configuration - LGC for Initiation of Status Check

One of the alternate configurations for a programmer for status data transmission
would use the LGC standard frequency outputs. The times between checkouts would be
limited to specific time segments, such as 1.5, 2.9, and 5.8 hr, However, there

are a variety of frequencies available, such that many combinations of times between
checkouts and sequencing times are possible. A disadvantage to this approach is
that the computer must be on standby for these outputs to be available.

5.3.6 Alternate Configuration - Earth Uplink for Initiation of Status Check

Use of an Earth uplink to initiate the status checks during storage was also consid-
ered as an alternate configuration. This approach would require the addition of a
decoder, relay drivers, and g, modified Program Coupler Assembly similar to that used
on the Shelter. This approach could be interchangeable with the Shelter, since this
equipment would not be needed on the Shelter once the Taxi has landed.

5.3.7 Discussion of Configuration Choices

The selection was made of a time sequencer to initiate the periodic status checks
during quiescent storage, since this approach has the advantage of simplicity, light
weight, and low-power consumption. It also does not depend upon any other system
other than electrical power for its operation.
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5.4 RCS & PROPULSION

5.4.1 Ground Rules

There were no NASA ground rules unique to the Reaction Control and Propulsion Sub-
systems.

5.4.2 Assumptions and Background Data

The recommended RCS and Propulsion Subsystems configuration were developed based on
the vehicle-level ground rules and the following assumptions:

e Performance and propellant requirements for the Taxi are assumed to be es-
sentially the same as the present LEM with the exception of the extended
lunar surface stay time.

e The ascent and descent engines are assumed to be capable of meeting the Taxi
mission duty cycle without major modification.

® The descent helium pressurant will warm up to the level of the relief valve
pressure setting within 24 hours after landing. Concern over the resultant
uncontrolled venting has led to study of alternate methods of venting as
discussed in Paragraphs 5.4.3.3 and 5.4.6.

5.4.3 Recommended Configuration

5.4.3.1 RCS

The recommended configuration is the basic LEM RCS utilizing sixteen thrusters and
a dual helium and propellant feed system with the addition of cluster heaters (250
watts per cluster) to be turned on during pre-launch checkout. The system schematic
is shown in Fig. 5.L4-1.

During the quiescent lunar stay period, it is not practical to maintain controlled
cluster temperature by means of the LEM cluster heaters because of the large energy
requirement. Therefore, the present LEM cluster heaters will be turned off after
landing and the thrusters will be allowed to cool down to equilibrium temperature
(approximately O to -20°F). During pre-launch checkout, the larger 250 watt heaters
will be turned on at each cluster to thaw propellant feed lines and bring the thrust-
ers up to operational temperatures (approximately one hour will be required for this
operation). Freezing of the fuel is expected during this period and some separation
will occur. Discussions with the engine manufacturer (Marquardt) have indicated
that the thrusters should operate satisfactorily under these conditions. This will
be further verified during the Phase C study.

The Taxi will stay on the lunar surface for 1L days, and thus the RCS components
will be exposed to pressure, propellants and propellant vapors longer than in the
LEM mission. It is believed that components which satisfactorily meet the present
LEM compatibility requirement of 30 days will be adequate for the Taxi mission.
Continuous monitoring of the LEM development program will be necessary to insure
that potential trouble areas are recognized if they should arise.

gm”m
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5.4.3.2 Ascent Propulsion

The Taxi ascent propulsion subsystem (Fig. 5.4-2) will be exactly the same as the
LEM. The performance requirements are the same with the exception of the extended
lunar stay time.

The ability of the propellants, especially N2Oh’ to diffuse throughout the ascent
propulsion helium section has generated a stringent propellant compatibility re-
quirement for the LEM. This is of greater concern on the Taxi because of the ex-
tended mission duration. At present, two methods of meeting this requirement are
under consideration. These are the use of squib actuated valves to isolate the
helium section from the propellant vapors (see Fig. 5.&-2), or the use of components
which are constructed of materials which are capable of withstanding the attack of
the propellant for the mission duration. If the final LEM subsystem incorporates
the isolation valves, it will be used on the Taxi "as is". However, if components
with revised materials are used, it is expected that the capability of these compo-
nents to meet the Taxi extended mission will require verification testing.

The LEM L45-day propellant loaded condition also imposes a stringent compatibility
requirement on the ascent engine valves. A 45-day test with pressurized propellants
is planned for these valves by the LEM Project. The result of this test will be re-
viewed for applicability to the Taxi. The post-test disassembly and inspection will
determine the course of action. If little or no deterioration is found, it is ex-
pected that further testing will be unnecessary. Evidence of more serious problems
will require testing to verify the valves capability to meet the Taxi requirements.
The same philosophy will be applied to the helium components discussed above.

The extended mission increases the requirement of the ascent engine ablative liner
to resist the thermal-vaccum enviromment on the lunar surface. At present, it is
expected that the engine will be capable of meeting this requirement. It is assumed
that a test beyond that planned for LEM to verify this capability is required. How-
ever, further study of this in Phase "C" is planned and the verification test may be
deleted.

"5.4.3.3 Descent Propulsion

The Taxi descent propulsion will be the same as the LEM except for the three added
vent valves which will be used to depressurize the helium and propellant tanks
following lunar landing (see Fig. 5.4-3). As shown, two low pressure relief valves
will be used in series with the propellant tank vent valves to limit the quantity of
propellant vapors which are vented to the lunar atmosphere.

The use of vent valves to depressurize the descent helium and propellant tanks is
dictated by safety considerations. The use of three vent valves is necessitated by
the low temperatures of the supercritical helium. Venting the supercritical helium
through the propellant tank vent valves would freeze the propellant vapors and even-
tually would clog the vent line. The sequence of operations for the recommended
configuration will be venting of the supercritical helium tanks, followed by vent-
ing of one set of propellant tanks and then the other.

The primary safety consideration is a catastrophic failure of the helium or propel-
lant tanks. Tank failures can occur at least two ways. The first is an increase
in tank pressure combined with a failed-closed relief valve. It is estimated that
the tank pressure will increase to the level of the relief valve pressure setting
within 24 hours. The increase in pressure is the result of the rise in temperature
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of the cold pressurizing helium gas. The second means of catastrophic failure is
micrometeoroid penetration of a tank with an internal pressure greater than 40 psi.
Based on the tank geometries and material, 40 psi was established as a conservative
estimate of the pressure level at which no crack propagation will occur if the tank
is punctured.

The secondary safety consideration is the possible contamination of the astronaut's
garments with propellants as a result of uncontrolled (random) venting of pressure
when the astronaut is on the lunar surface and in close proximity to the vehicle.
During the lunar day, the oxidizer vapors will react with the garment material
possibly causing injury, while the fuel vapors may cling to the material subse-
quently contaminating the breathing oxygen with toxic fumes when the astronaut re-
enters the vehicle. The conditions associated with the lunar night are discussed
below.

This latter consideration, combined with the desire to prevent catastrophic failure
of a tank which is punctured, generated the need for a low pressure relief valve in
series with each of the propellant tank vent valves. As originally conceived, the
tank pressure was to be reduced to lunar atmospheric (vacuum). The reduction in
pressure causes propellant boiling and a corresponding reduction in temperature.
Eventually, the propellant bulk will freeze. Heat flow from the vehicle structure
will then slowly vaporize the frozen propellant, with the vapors flowing overboard
through the vent valves, thus presenting the same contamination problem discussed
above. As a result, a low pressure relief valve has been added to limit the quan-
tity of propellant vapors which are vented to the atmosphere. The relief valves
will be set at 40 psia (maximum), the estimated "safe" pressure level for the tanks.
The nominal relief valve reseat pressure will be 30 psia.

The phenomenon of liquid/vapor forming "snow" when vented into a vacuum (Ref. 1) has
led to the final design consideration for the vent system. This phenomenon presents
a contamination problem similar to that discussed above. The low lunar night tem-
perature prevents the "snow" from vaporizing and dispersing. Thus, the lunar sur-
face can be covered with a layer of propellant "snow" which can be tracked into the
vehicle on the astronaut's shoes. It is therefore desirable to vent the propellant
into a confined area or at least into an area which the astronaut will not traverse.
The area directly below the descent stage is under consideration. Further studies
are required to be certain that the vented propellants will not disperse beyond the
perimeter of the descent stage. If it is found that they will disperse beyond the
perimeter, a means of preventing this will be determined. The possibility of vent-
ing the propellants into their respective tank bays is also being explored. The
available volume in the bays is sufficient to hold the vented propellant. Problenms
of sealing adjacent oxidizer and fuel tank bays and compatibility of materials with-
in the bays have not been explored to date. Investigations into these problem areas
will be conducted during Phase "C". 1In addition, trade-off studies of the two solu-
tions will be conducted to determine the best course of action.

5.4.4 Baseline Configuration

There is no difference between the recommended and baseline configurations.

?W
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5.4.5 Alternate Configuration-RCS Cluster Covers

The use of cluster covers during the lunar stay period was studied as an alternate

to cluster heaters to prevent the freezing of propellants. Details of these stud-

ies are discussed in Section 6. Deployment of the covers by hand was considered as
well as remote actuation.

5.4.6 Alternate Configuration - Methods of Venting Descent Propellant Tanks

Alternate methods of preventing the contamination problems discussed above were in-
vestigated.

e The possibility of decomposing the propellant into non-toxic, low freezing-
point gases was explored. Other than burning with a fuel, no means of de-
composing the oxidizer was found. The use of Shell Catalyst No. 405 to de-
compose the fuel was investigated. The manufacturer provided information
that the 50-50 fuel combination has been satisfactorily decomposed using
the catalyst. However, no attempt to analyze the decomposition products
has been made. Investigation into this possibility will be continued in
Phase "(C".

e A brief investigation into the possible use of a fused quartz helium diffu-
sion cell to separate the helium and propellant vapors was made. The fused
quartz, being permeable to helium, will allow it to vent overboard while
retaining the propellant vapors. These brief investigations indicate possi-
ble problems in regard to the size and weight of the diffusion cells. Fur-
ther investigations into the size, weight, flow capacity and material com-
patibility of the diffusion cell are required.

5.4.7 Potential Modifications Per Flight

No per flight modifications were considered for the Taxi.

5.4.8 Discussion of Configuration Choices

The RCS cluster covers were not selected, since in the manned mode, inaccessibility
of the clusters raised serious questions as to whether the astronaut could success-
fully place the covers properly. Also, if the astronaut were incapacitated, remov-
al of the covers might be impossible and prevent a successful abort. In the remote
actuation case, adequate thermal sealing of the covers appears to be a major pro-
blem. Also, storage space is marginal and the weight is high when compared to the
additional batte 'y weight for the recommended cluster heaters (120 1b vs 13 1b).

The combination of vent and low pressure relief valves was chosen to depressurize
the descent helium and propellant tanks, because of the lack of adequate information
on the alternates. Further investigations during Phase "C" may show the catalyst
bed or helium diffusion cells to be more desirable.

Reference: 1) Simmons, J.A. and Gift, R.D., "Phenomena Associated with the
Exposure, Leakage and Discharge of Propellants in a Vacuum'.
Paper presented at 56th Air Force-Industry Conference,
February 1965. This paper was based on Contract No. NAS 8-1104L,
Report No. X65-12159, dated 12/18/6%4.
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5.5 COMMUNICATIONS

5.5.1 Ground Rules

There were no NASA ground rules unique to the Taxi Communications Subsystem.

5.5.2 Assumptions and Background Data

The Taxi Communication Subsystem requirements are the same as the present Apollo
LEM except for the mission period between lunar touchdown and powered ascent from
the lunar surface. The communication requirements during the surface mission are
based on the following assumptions and background data:

e During the quiescent storage, Taxi status and warning data will be trans-
mitted to Earth for relay to the Shelter

e There is to be no interference in S-band Earth transmissions between the
Taxi, Shelter, CSM and experiment payloads

® There are no experiments carried on the Taxi; therefore, there will be no
requirement for television or experiment data transmissions

e EVA communications will use the in-flight VHF antenna

o Taxi will land within 1,000 ft of the Shelter.

In addition, it has been assumed that the ground stations will provide real time
voice communication with the three astronauts in the interval during which one
astronaut is in each of the spacecrafts, ie., Taxi, Shelter and CSM. This voice
link is independent "of any relay capability between the spacecrafts. Ground capa-
bilities will exist for the simultaneous reception, real time processing and/or
recording of data transmitted from the CSM, Shelter, experiment payloads, and Taxi.

5.5.3 Recommended Configuration

The Taxi will use the present LEM Communications Subsystem with minor modifications
as indicated in the subsystem block diagram, Fig. 5.5-1. The modifications are as
follows:

® The erectable EVA sleeve dipole antenna is deleted. Communications between
the EVA astronaut and the Taxi will be through the Taxi VHF in-flight
antennas. The circuit performance margins will be equal to or greater than
LEM because of the reduced range of operation (1,000 ft as compared to 3 n mi
on LEM)

® A time sequencer has been added to the Taxi to control transmission of
status data during the unmanned quiescent storage period. A transmission
will be made every two hours for a period of seven minutes.

® The Taxi communication links are shown in Fig. 5.5.-2. The Taxi and
Shelter will have different S-band frequencies allocated to prevent inter-
ference.

The S-band communication operational modes for the Taxi mission are shown in
Figure 5.5-3. Circuit performance margins were determined for the Taxi during
lunar storage. The analysis employed is that presently used on the LEM (LIS 380-
15006). Bit rate is not yet finalized for status data and therefore margins for
both high and low rates are presented. These margins are for the PM operational
mode (Fig. 5.5+3). Transmission is via the S-band erectable antenna on the lunar
surface and reception via the 210 ft diameter dish at the ground station.

Ghannan
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The Circuit performance margins are listed in Table 5.5-1, as db above the signal-
to-noise system requirements.

5.5.4 Baseline Configuration

The baseline configuration is essentially identical to the recommended configura-
tion.

5.5.5 Alternate Configuration

Since the Taxi Communication Subsystem (including antennas) is identical to the
LEM, the only alternate studied was directed towards removing the requirement for
new S-band frequencies. Two alternate configurations were considered:

o Time sharing transmissions on the same frequency
® Right and left circular polarization of Taxi and Shelter antennas.

Time sharing transmissions is not an attractive selection, since the possibility
of interference exists because of the automatic operation of status transmissions
from the Taxi, and the operation is not as versatile as independent frequency
allocations for each spacecraft.

The technique of utilizing right and left circular polarization of the Taxi and
Shelter S-band antennas is based on the fundamental electromagnetic wave property
that no radiation interference (pattern distortion) or crosstalk occurs when two.
perfectly circular polarized space waves, with opposite rotation senses, interact.
The waves are essentially invisible to each other. The approach intended is to as-
sign different .polarization senses to the Shelter and Taxi which already utilize
circularly polarized antennas.

A preliminary analysis of available data and research along with some basic calcu-
lations indicated that the polarization allocation technique is definitely feasible
Further study, and possibly experimentation, is required in areas, such as described
below:

e Ground Station Receiving Antenna - The feed for this antenna must bhé capa-
ble of receiving both circulary polarized waves of opposite rotation sense
simultaneously with a minimum of cross talk. The development of the re-
quired antenna feed is well within the state of the art. Actually, such a
feed has already been developed (Ref. 1) and is assumed to be in operation
at the present time. This feed was developed for JPL and intended for use
on their 85 foot diameter dish antenna for certain radio-astronomy appli-

- cations. This feed receives both polarized waves and separates them into
two outputs. The feed exhibited -50 db coupling between the output parts
and -4LOdb ellipticity.

e Shelter/Taxi Transmitting Antennas - These must have good circularity on,

) and a little about, their axes (Earth subtends an angle of 1.7° deg at

Bl lunar distance). Ellipticity will contribute to crosstalk. The S-band

erectable antenna intended for use on the lunar surface, and the S-band
steerable antennas appear to satisfy this on-axis requirement (actual data

- e is not available at this time).
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e Faraday Rotation - Circularity of the Earth incident wave may be affected
by Faraday rotation which occurs because of the inhomogeneity of the Earth's
atmosphere and the wave interaction with the Earth's magnetic field. This
problem is difficult to define because available data based on lunar re-
flected signals is sparse. For frequencies above 100 mc, a magnetic-ionic
theory (Ref. 2) has shown that polarization shift is inversely proportional
“to frequency and consequently at S-band is expected to be small. Other
earlier work (Refs. 3,h,5) tends to verify that the Faraday rotation effect
would be negligibie at S-band.

5.5.6 Potential Modifications per Flight

There were no per flight modifications considered for the Taxi communications sub-
system.

REFERENCES:

1) "Feed System for Clockwise and Counter-clockwise Circular Polarization"
PGAP Communication Section, November 1961.

2) "Lunar Radio Echoes and the Faraday Effect in the Ionosphere" Nature, -
May 15, 1954.

3) "Scattering Behavior of the Moon at Wavelength of 3.6, 68, and 784 Centimeters)

Journal of Geophysical Research, January 1963

L) "Radio Measurements of the Lunar Surface", The Man, IAG Symposium 1L, 1962

5) '"Propagation and Communication Problems in Space" Proceedings of the IRE,
April 1960.
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Table 5.5-1

PCM S-BAND CIRCUIT PERFORMANCE MARGINS

Power Output
iizjt§72:é 20 watts 0.75 watt
C/N, db Margin, db C/N, db Margin, db
51.2 +49 +28 - +32 +11 -
1600 +52 +41 +35 +24
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5.6 INSTRUMENTATION

5.6.1 Ground Rules

N

There were no NASA ground rules unlque to the Taxi Instrumentatlon Subsystem.

,.6.2 Assumptions and Background Data

The primary function of the operational spacecraft instrumentation section is to

acquire and present spacecraft housekeeping data to the astronauts and ground moni-

toring personnel. In reviewing the measurement requirements of the Taxi, it was

concluded that the existing LEM equipment would continue to fulfill this task.

The following -assumptions were used. in standardizing an approach for the operation-

al spacecraft data acquisition section of the Texi:, .

e The Taxi will continue “to utilize the existing LEM PCM for operational
data.

® The Taxi will adapt .the ex1st1ng LEM vehicle measurements for operational
data and any additions due to changes in conflguration :

e Any changes in the operational measurements wxll not exceed the present
LEM measurements for the lunat landing mission. - -

e Maximum utilization of the crew for redundancy monitoring and failure mode
corrections/operations, will be used.

e Safety data will also be carried as vehicle operational data.

5.6.3 Recommended Configuration o A - .

The recommended operational instrumentation section for the Taxi (Fig. 5.6-1) con-
sists mainly of existing LEM assemblies or components. The existing LEM assemblies
have certain built-in flexibility which allows for some minor configuration changes.
This flexibility lies primarily with the plug-in modular concept of the Signal
Conditioning Electronics Assemblies (SCEA) and the input channel rinterchangeability
to the Pulse Code Modulation (PCM) and the Caution and Warning Electronics Assembly
(C&WEA). The measurement .list prepared for the Taxi (Table 5.6-5) was reviewed and
analyzed to assure that the changed: support requirements would still be adequately
covered using the existing LEM system. A power and weight summary of the recom-
mended configuration appears in Table 5.6-1.

5.6.3.1 Transducers

The transducers convert the physical and electrical phenomena of interest into a
usable form for presentation to the astronauts or ground station personnel. These
measurements from the various subsystems provide the maJorlty of the input sources
to the operational acquisition system.

If new spacecraft subsystem measurement requirements demand additional transducers,
consideration will be given first to LEM proven uhits. To date, it is felt that
the transducers available from the LEM program are capable of making the new meas-
urements identified for the Taxi. These are associated w1th the RTG heat’ plpe and
the time sequencer used during the quiescent storage.
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A summary of the parameters to be measured on the Text appears in Table 5.6-2.
Allocated transducer weight and power consumption is listed on the enclosed meas-
urements list (Table 5.6-5).

5.6.3.2 Signal Conditioning Equipment

The Signal Conditioning Electronics Assembly (SCEA), as presently designed for LEM,
is a unit which conditions the signals from transducers and numerous signal monitor-
ing points throughout'the spacecraft and properly routes them to the Pulse Code
Modulation and Timing Electronics Assembly (PCMTEA), Caution and Warning System
(C&WEA), or on-board displays. The SCEAs fulfill the following basic functions:

e Act as a junction and routing assembly for all analog measurements and
signals being monitored.

e Structurally supports the signal conditioning sub-assemblies which con-
dition the measurement input signals.

The SCEA consists of two separate chassis assemblies. Each assembly can accommo-
date up to twenty~-four separate sub-assembly modules. The Taxi measurements list
(Table 5.6-5) reflects the existing LEM measurements and the addition of new meas-
urements required for the Taxi. A review of this listing indicates that the chang-
ing measurement requirements can still be accommodated within the existing SCEA
using adaption techniques presently employed by LEM. Based on the measurements
summarized in Table 5.6-2, it is anticipated that there will be no modification to
the assembly, as now used by LEM, or its sub-assemblies. The units, however, will
require rewiring of the input-output routings and a new configuration of sub-assem~
blies to place the quiescent storage status measurements on the same SCEA.

5.6.3.3 Caution and Warning Equipment

This assembly advises the astronauts of the spacecraft subsystem status by con-
tinually monitoring critical parameters. During the mission, the C&WEA performs
two basic functions:

e The caution function advise’s the astronaut of a malfunction requiring his
corrective action

e The warning function advises the astronaut of crew safety items requiring
immediate action.

The C&WEA accepts inputs from the SCEA or pre-conditioned signal sources from the
subsystems. These inputs are compared to preset reference signals within the C&WEA
to detect out-of-tolerance conditions. When an out-of-tolerance condition exists,
an appropriate indication is initiated. The C&WEA, as now used for the lunar land-
ing LEM, operates on discrete voltage changes or switch closures. The analog input
channels have preset limits. This unit will continue to support the Taxi require-
ments in its present configuration.

5.6.3.4 Pulse Code Modulation and Timing Equipment

The PCMTEA consists of an unmodified lunar landing LEM assembly. The data acqui-
sition capability of this unit includes the multiplexing, encoding, and timing of
high-level analog, parallel digital, and serial digital data. The number of

channels, sampling rates, and word length for each of the three data forms are pre-
sented in Table 5.6.4. The unit operates at a normal data rate of 51,200 bits per

?men@.
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second and a reduced data rate, commanded remotely, of 1,600 bits per second. The
PCMTEA will operate as it does in the lunar landing LEM, including accepting a
time reference from the LEM Guidance Computer and providing various timing signals
to interfacing subsystems. The NRZ(C) data output is routed to the communications
system for real time transmission.

5.6.3.5 Voice Storage Recorder

This magnetic tape recorder, originally referred to as the ."Data Storage Equipment
Assembly", provides a time correlated voice recording of comments and conversation
between the astronauts during EVAs. This assembly employs automatic sequential
record head switching with four tracks to provide up to a total of ten hours of
recording time. The compact recorder is generally used with voice actuation cir-
cuits to run only for a required recording time. The recorder is used to:

Support egress from CM to Taxi

Support EVA's

Record comments of vehicle status when off station coverage
Record proprietary information.

5.6.3.6 Status Bus

During the quiescent storage period of the Taxi, limited data will be transmitted
to monitor critical-spacecraft data and to advise ground personnel of active readi-
ness of the vehicle. During this period, the ground personnel will monitor the
Taxi and advise the astronauts (now in the Shelter) of the status of their return
vehicle. The "status system" uses reduced power and gathers only chosen informa-
tion as indicated on the measurements list (Table 5.6-5). The limited portion of
the operational system which will be activated is as follows:

e Transducers associated with the status monitoring requirements will receive
their power through a separate feed.

® Only one signal conditioning electronics assembly will receive power for
status monitoring.

® Pulse Code Modulation and ‘Timing Electronics Assembly will be used during
the transmission periods only.

A configuration of the status bus power distribution is shown in Fig. 5.6-2, and
an electrical power usage summary is shown in Table 5.6-1. It should be noted that
the caution and warning system, the voice storage recorder and approximately half
the transducers and signal conditioners are off during the storage period.

5.6.3.7 Sequencer Commanded Items

During the lunar quiescent storage period, there will be a manually selected se-
quence started by the astronauts. This sequence will allow for periodic power-on
cycles to energize the instrumentation status bus described above. The sequencer
assembly will be energized prior to egress along with the de-activation of the
Caution and Warning System and the voice recorder. The sequencer controlled items
appear in Fig. 5.6-3, and the reduced power status system is described in Fig. 5.6-2,
Upon the return of the astronauts to the Taxi, this sequencer will be deactivated,
the C&WEA and voice recorder activated, and normal Taxi functions resumed.
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5.6.3.8 Operational Measurements

The measurement requirements for the Taxi are shown in Table 5.6-5. A summary of
these measurements is found in Table 5.6-2, which reflects the various types of
instrumentation required and the guantities requested for each of the Taxi sub-
systems. These measurements support the Taxi performance and management plus pro-
vide sufficient information to:

Enable normal spacecraft operations to be performed
Provide the capability for decision making by the astronaut
Monitor crew safety functions

Provide status of expendable items

Provide status of operational events.

An Apollo biomedical system supports EVAs by monitoring such items as electro-
cardiograms and impedance pneumograms (respiration) with associated power convert-
ers, vest, harness and electrodes. This information is transmitted via the VHF
link to the CM or Taxi for re-transmission to Earth. During the on-board stay,
howevir, only the electrocardiogram is monitored for transmission to Earth (hard-
wired).

5.6.4 Baseline Configuration

The baseline configuration used for the Taxi is the same as the recommended con-
figuration as described above.

5.6.5 Alternate Configuration

There were no alternate configurations studied, because the existing LEM system can
satisfactorily perform all the described tasks.

5.6.6 Potential Modifications Per Flight

No per flight modifications are envisioned for the Taxi based on a review of exist-
ing measurement requirements and the capabilities of the existing system.



Table 5.6-1

INSTRUMENTATION WEIGHT & POWER SUMMARY

Trans- .
Assembly | gucers |SCEAJI |SCEA I |C& WEA |PCMTEA| VSR | Total
Operat'l
Pwr, watts 15. 8 22.9 21.5 22,0 12,9 2.3 97.4
Status )
Pwr, watts 3.9 N/A 21.5 N/A 12.9 N/A 38.3
V{’flght’ 19.0 42.6 43.1 25.0 37.0 2.5 | 179.2
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OPERATION

Parameter

Mass

Subsystem

Acceleration
Phase
Current
Vibration
Power
Frequency
Force
Position
Biomedical
Radiation
Velocity

Structures

Thermodynamics

Electrical Power 6 1

Environ Control

Nav & Guid 1] 2 1 3

Radars 6 9 6 i

S & C - CES

S & C - AGS

Instrumentation 2

Propulsion - Ascent

Propulsion - Descent . 2

Reaction Control

Communications 1 2 U 2 |2

Pyrotechnics

Totals 2110 10 (12 11 |2 T
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re

SCEA Subassembly

502-2 | 502-3 | 503-2 | 503-3| 504-1 ] 5¢

Total Measurement 23 2 N 1 26 p
Circuits

Circuits/Subassy L L 3 3 L ]
Quantity of Subassys Reqd T 1 2 1 T
No. of Spare Circuits 5 2 2 2 2
ERA No. 1 5 1 2 - 5
ERA No. 2 2 - - 1 2




Table 5.6-3
CEA SUMMARY
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r Type LSP-360-

L-2 | 504-3 | 504-L4 | 504-5] 505-1 | 506-2 | 507-1 | 509-1 TOTAL
PO 30 51 L3 1 L1 8 L 254
0 12 12 12 3 L L L N/A
2 3 5 4 1 11 2 1 b7
- 6 9 p) 2 3 - - 38
o - - - - 5 2 1 23
- 3 5 L 1 6 - - ok
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Table 5.6-4
PCMTEA INPUT DATA CAPABILITY
Data Format: 51,200 bits/sec Output Rate
Data Form No. samples/sec bits/word words/sec
Channels
5 200 8 1000
17 100 8 1700
Analog - High Level 6 50 8 300
35 10 8 350
137 1 8 137
1 200 16 Loo
3 100 8 300
Digital - Parallel L 50 8 200
1 10 8 10
37 1 8 37
Digital - Serial 1 50 Lo 250
1 50 2L 150
Total 2L8 4834
Partial Format: 1,600 bits/sec Output Rate
Anaolg - High Level 59 1 8 59
Digital Parallel 15 1 8 15
Note: The low bilt rate format of thé LEM PCMTEA is presently
undergoing design changes. The input capability presented here
is incomplete and will be expanded when the design is finalized.
* Normalized to 8 bit words.
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Table 5.6-5

PAGE NUMBER 1
NOVEMBER 8,1965

XX X X X XX X X X X

X L EM-AES X
X BASEL INE X
X COTAXI X
X PHASE B FORM A X

XXX X X X X X X X X



(VI)5-87

J9VIT0A=A SSYW-NW NOILVY8IA-0
. . _ .. "SV3IW NOLLVNIBWOI-N .. ALIJ2013A=-T iN3¥¥NI-I o
ERIIAEELLEFSY NOTLVIAVY-Y 3SVHd-8

NIvyLS-§

IVIIUIWGIE-r

NOJ1V¥313)0V-v

3002 NOILVIIIISSVID INIWIANSVIN-H

(WIL1SASENS A8)

Y3GWAN NOTLIVIIJEINIQI-1200

S

$/0 NOISINDYd-D

/v _NOISINdDud-d

$33-104LNCI/ 8V LS —H

3INVAINDG ANV AYN-9

S INIWIHIdXT-X

SNOT LVIINNWWOD -1

Sdvavya-N

_ SOINHDHL0dAd—A N9IS3Q IVIINVHIIW-W

NOTIVINIANYLSNI=T

J0YAINOD NOILIVIY¥-Y¥ SOV

- 0% INDD 76V 1S -1

10¥LINDD NOYIANI-4

¥3M0Od vI1¥133713-D

SIIWYNAGOWYIHL -8

SIYNLINYLS -V

3000 W3LSASENS TYNOILINNG-T

3W1iyv _1S31 ONNOY¥I-A

IXVi W3T1-1°SAS

IN3W4IND3 359-N

WML k3TN

3d¥3S3 HINAVI-T

Wil-9

8V1 L1930 Hi¥v3-3

3INC0W_ANVWWOI =)

ANINGINDI 3II1A¥3S-S

*gv1 119%¥0 ¥VNNI-d

1INWELS-F

¥ILIIHS WIT-H

¥31Sp08-4

¥ildvav-v

3002 3NA0W-3

. . o . 8-120013
9 S310N *1M WMd- 390 J 3LVY HOIH MDT X 0 1 M 1S 2 S G L 9 S d 2 34ivd LINA HOIH WYON MO NOTIVI07 GNY 3WVN~ ~  3a09
N ¥0 400X ¥IAX dIN D _¥0 _ SIONVY_Xx / / / /S D d ¥ 1 1/ 933 ¥d0 SIINVY AIN3W3UNSY I - al
H~ $3INIYII3Y ASO vV O3¥d  WIGX X ¥V 4 JHH W O 9 §S S S v 0343 1S3Y¥IINT
35 19

696148 YIYWIAON
2 dIGWNN 3OVd_

€865-6SVN_ ¥IAWAN LIVHINDD

IXv1i 3NIT3Sve

(P, 3uU03) ¢-g°§ 31qBL



(vI)5-88

*37vIS

M4 IN3IWId NI ADVYNIIV WILSAS ONI-0L~ONI 3718VE3A0I3N JT1LSTIv3Y

DV

(Sd2 NI) 039IND3¥ 31vy¥ ISNOJS3IY 3T8VI3A0I3Y J11STIV3IY

EIVE]

¥0

[VELF]

*SLINN Q31VIJO0SSY

SLT OGNV (3103dX3 39NVY ONVINSYIW WNWIXVW ONV TYWYON*WOW INIW

LINN HOIH WYON MOl

SIINVY

1S 3Y3ANI

*AT43148

GILVIS NOTIVIOT Sil ONV Q3NIVLG0 36 0L INJW3UNSVIW 3HL S3INI8IS30

NOTLVIO0T ONV JWVYN

INIWIWASVIN
- ALIGIOV-Hd-T 3ivy-3 NOTL1SOd-H
- W D1 1SNOIV-A ALTINVND-D *03dWI°HI3W/3D2¥03-9 o
INIAT 313¥ISIa-X UNSSIYd~d AININDI¥I-4
IWIL-M ALINNTINDD/1SISIE-N ¥3IM0d-3
9 S3LON *lM  ¥Ad- 390 3 3JLVY HOIH MOV X G T M 1S 23S O L 9 S ¥ 2 3ivy LINN HOIH WSON MO1 NOT1VI01 ONV aWvN 3607 o
N ¥0 ¥IAX HIOX dIN ) ¥O S3IONVY X / / / /S 33 ¥ 1 1 /33 ¥0 SIINVY INIWIUNSVIW gl _
H  $3INIUIIY ASO V D344 WIOX X V 3 JHWW O 9 8 S S S v 03ad 1S3¥IINT
2 )

6961°8 YIGW3ACON
£ Y3IBWNN 30Vd

IXVL 3NIT3Sve

€86Y-6SVN UYIAWNN LIVIINOD

(P,3u02) (~G°G 21q%BL




(v1)5-89

*G3¥3ILINOW 3IV*0/D A¥OLIVi-6

*G3¥3LINOW 3DV-NON®0/D A¥01DVI-V

S1NOMI3HD Y0 iS31 AYOLIVY Y03 0IWINDIY SINIWIBNSVIW 3SOHL SILVIIANI

ad9

*3T7dWVS ¥3d S118 JO YIOWNN

(AS ¥0 O0) TIVLII9IO IVI¥3S-S

tAS ¥0 0) IN3A3 31383S10-3 TAS=0) 90WNV TIA3T HOIH-H

(AS ¥0 0) W1I91d 137w {AWO%=0) 901YNV 13A37 MO -1

"INIWAIND3 WId 3HL Ol TVNODIS 30 13AIT ANV WIOd

- [T —_— e = — - - - [P -

91s

*ANODJ3S d3d SITIWVS 30 HIGWNN

S/S

“INIWAINDd QIHSINYNG INIWNEIAOO(IID)IVSVYN-N

TINIWATADI 1¥0ddNS GNNOED-9

TNOTLVINIWAHLSNT=T

¥OLOV¥INGIEANS-S

3009 379AGS IN3W3uid0dd BIONOSNVEL

HJS

SILON *LM “uMd- 350 97 31vd HIIH MO1 31vy LINN HOTH WYON M0 NO11V207 oNv 3WVN 30609

SIINIY3IITY ASO v D3Y¥4 ¥Iax
]
696148 ¥3UWIAON IXvl 3INIT3Sve
Y YIFWAN 19vd €8649-6SYN_YIGWNN LIVHLNOD \

d )
/23 40 SIONVY ANIWIENSVIW a1
SV T

9 Xa1M3I5 350189
N ¥0 ¥I0X ¥IAX dIN I ¥O  S3IONVY X / / / /S D d ¥ 11 JON |
H X vV dJHNWOD98 S LERF] I5393IN1

2

(P,3u02) 6=9°¢ =1qmR]L



(VI)5-90

AWV TIM)ONINYYM ¥O(IINCILNVI V O LNANI NV S3LVIIONI

M7o
TENWAT0D SILON INIOVFGY IHL N1 Q3LiS 11
T TmTm T o T T ) T 7 T 7 IN3IWANNSVIW IHL 3LVINNN04 01 03SN*ATLD3¥I0 @I¥ILIWINAL AON- O T T T
-os s s s T - . *ON10Y0I3IY QUVOR-NO SIIVITANT-X T
©IUNOTS 03¥313IWINIL (I3S/SLIE N9°T1) 3JAvy L18 MOI-1
T T T T T T T T T SIVNOIS 03¥ILIWINFL (I3S/SL1€ %2*T1s) 3ivy L18 HOIW=H
T T T T T T T e e T T B INIWIYNSYIW 40 hz.wzzm:wmd I
WH -
o T T T (s)1°001u3d 39vH0LS ONIENG G3WIND3Y SINIWIWNSVIW 3ISOHL S3ILVIIONI
SSW
wxlzixf',ll,!xi I . -| - L e e
o T T T - T T ’ ’ *(Y)AVI4SIA IWIL TY3Y ¥04 WYOMLIIN 1HOIT4 3IVdS O3INNVW
: 3H1 A9 039IN03Y ST INIWIUNSVIN 03W313W3 131 3IHL LVHL S3LVOIONI
- o T T T T o TTUTTITLOOT L TTTT TN w
SO3Y3L1INOW 32Vve0/D HIONAVIIUI-Z
T T - - T T 7 77 7 *G3Y3ILINOW 3IV-NONO/I HONNYIZ¥A-T ~ ~
- T 1N0NI3IHI HONNYIIYY W0 GIVINDIY SINAWIUNSVIW ISOHL SILVIIONI
5 $40
P> SILON *lM  uMd- 390 J 31VY HOIH MO) X G T N 1S 35S G 1 9 S ¥ 9 31VE LINN HOIH WHON MO NOILVIO1 GNV 3WWN 3009
o N 40 ¥IOX WIO0X dIN D MO S3IONVM X / / / /S I d ¥ 1 1 /3D WO SIONVY ANIWIYNSYIW QI
7 H  S3IN3u333y ASO v D334 420X X V 34 JHN W 09 8 S S S v 0344 LISIWIINT
. : s961°8 mwmzméu ° TXvL 3NI13SVE
. S ¥3IEWON 39Vd ) _ £86%-6SYN_ YIEWAN LIVHINDD

(P,3u0d) §-9°G aTqB]



(VI)5-91

TTHONVY €3LVO0TV

T T T T T T 30 3799S 1004 IN3ID¥3d NI 03S$S3udXI ADVENIIV WIALSAS (NI-DL-ONJ
T IV
T T oot T T e ) T *AL1718vdYD 3ISNGCASTH INIWJIND3 GJLVINTIIV
- - 7 T T i T T 31vay
R T - ¥0
T oo T oo i C WERE
- TOTTTTTTTUY35NYY ¥3DONGSNYYL G3LVI01IV ¥0 01423138
- 7 ) HOIH %01
T T SIONYVY
T _ - T mrm e »20X
i 0 T - ) . 6-1 3G03 INIHILIMS GINVYHS IwiL
- - N TTT— T ¢ " XXX
oo T T T U TRRY4S1010) v AI910 0tV I90TYNY NV 0L LNdNT Nv S3ILVIIUNT
o Tt T T i arv
T T oo - - *C1)IH9IT 0419714 AYOSIAGY Nv S3LVIIANI
Tt o T T o T 4
9 S3LON *1f  ¥Md- 39077 31vd HOTH MOT X 0 7™ 1S DS G L 9S8 D 31vy LIND HOIH WHON MO~ NOILVOOT ONV 3WVN 3009
N yo ¥IOX WIOX dIN 2 40  S3IONVY X / / / /5.0 d 41 1 /23 ¥ SIONVY ) IN3WIYNSY IW al
H  S3INI¥I43Y ASO V D343 890X X ¥V 4 D HW W D98 S S S v bdvd 1S3¥IINI
) L9
696148 YIBWIAON o . IXV1 3NT173sve
L 9 W3ANAN_39vd o o €86%-6SVN YIGWNON L1IVILNOD

(P,3u02) ¢=9°¢ a1qeyl

Yy

Fe



(VI)5-92

*3009 NOTLVDT41GOW 1$31v1 S103743d

- SNHD
“SI10N W0 S3ON3IWIJTW ¥0d FIvdS IIEVIIVAY T T T T T
S3ILON
- ——— — C g -
- - TTr e TS3ONIWIAET T
TTTTTTTT T T T ) TUUTTTTTTTTT T U T T T T S30NN0 N T LHST aR-2 -
T TT o TTmTm T o - T T T T T T Taan sy WNN) SONNGd NI LHOT3mM- i
*AINO WIONOSNVYL 30 IROTIM -
- e i - Tt T Tt TTTTT T ST T T o e - - - - - oyPJ
T T Tt T T T T T/ - o ¥20X
(S1IVM NT) ¥3DAUSNVYL 404 INSWIAIndIy w3Moa 77 7~
- T T T e T T T T - = YMd -
TooT T T e T e e e ¥IAX
Z-105-09€-dS1 ¥ANDI1IGNOD IvNS1$ 017 suz43y z-1 -
C - i s T TTrrTmer s T i - o T-106-09€-dSV ¥3INOILIONDD TWNOIS OL S¥343d 1-1
- T T T T o o 7*034INDIY SLINN 30 3dAL ININOILIONGD TVNSIS
ToTTTrTrmTT o " 390
- T T T/t dIN
h ) - T, T T T T ASO
T T s s oTmTmm s TT T L2
T9 7 saton T *1W uMd- 390 3 3LvE HOIH MD1 X G T M 1S 25 0 L 9 S ¥ 2 3LvY LINN HOIH WHON MO7 NOTLVI0T ONV 3wVN 3009
N, W0 . ¥O0X ¥IQX dIN_D ¥O_ S3IONVY _ X / / / /SI d¥I1I/ID ¥0 SIINVY INIWIENSV Ik a1
H  S3ONIU3d3y ASO v B3¥d 30X X V 4 D HWN WO 9 €SS S v 03dd 15343 INI
- pu Tt T T - T T IXvi 3N1T3SvE

6961°8 d48WIAUN
L d38WNN 39vd

€86%~6SUN ¥IGWAN LOVIINDD

(P,2u0d) 6=9°G aTqBRL



(v1)5-93

00°1 0 Y=+ Ss ko] 4 H dzZE8THTI SS IASOTID LIV INGD Q3A0143¢ $931 ONV1 N-0006VL
81* 0o 1-6 SS 00sZ O i H 8 H1T 11 SS 4930 0007 0 S/0 G131IHS 1V3IH'Z dW3L 1-2002VL
e BIT C1-86 SS 0082 0 H § H I 1 1 S$S 4930 0002 O ¢ S/0 GI3IHS LVIH'T dWdl 1-1002VL
€1 0 Z-9 ___S$S 005 O __ _H_ 8 HT1TI1T1 SS 4930 006 2¢ 1NA1S T¥d 931 2+4*1 dW3L L1-%900v1
000s5v1L -—- - - S 2 & I SS JYNSOTD IDVINGD N1 ABTd30 SYCA+ ¥VI9 ONVY X-R4500VL
0005V 4 _— == - SS 33 % 1 SS YNS0TD 12VINGD M1 ADIE30 ST*A4 ¥V3O ONVY X-L900Vi
0006V 4 -— - - ss 2w 1 Ss FWNSOTD LDVINGD X1 ADTd30 Sd*2+ ¥v3D ONVI X-9%00Vl
00VGVL - == - ss 9% = ) 1 SS  3¥NSDID LOVAINDD %71 AQd30 $7%7+ UV3I9 ANV X-GH0O0VL
_ _ooosvy - == - SS 29 % 1 SS 38NS0T) 10VINDI %7 _A0d3C_SH4Z- dVI9 ONVI X-4%00Vi
000sV L -— - - ss 93 . o I SS 3YNSOTD LIVINGD %1 ADIA3A ST*Z- ¥V3ID ONVT X-€500VL
0005V L -~ == - S$ M * 1 SS _ __ 3dNS01_1OVINDD %7 AD14A0 SH‘A- ¥V3I9 ONVI X-2%00VL
0005V 4 -—  -= - SS 23 % 1 SS 3¥NSOTI LIVINDD W1 AGTd3I0_S14A- ¥VI9 ONVI X-T400Vl
9 SILON *IM  HMd— 359G I JLVY AJIH MCT X @ T M 1S 0 S G L 9§ ¥ J 31vy IINN HILIH waON MOT NOTLVIOT OGNV 3WYN “Tagod T
N 30 ¥OaX WIGX dIN J ¥0  S3IONVE X / / / /S D 4w Y 1 /DD WO _ _  S3AINVY. INIWIUNSYIN ar _
H  S3IN3d333y ASO v 03¥3  ¥30X X V d I HWN WOD9 §S S SV 0343 1S3¥3INT
I I 12 S3¥N1INYLS
S961°8 ¥3IBWIAON IXv1 3NT13SvE
8  d38WAN 39vd L . €86%-6SYN UIBWAN 1IVHLNOD

(p,3u0d) 6-9*G STqB]



(VI)5-9k

0T O

GZ* [¢] 1-6 SS  006+262- H 8 HTIZ SS 4930 00S+ 062~ VUNNIINV ¥VAVY ONVI*dWIl L-91L¢€8)

sz . 0 1-6 $SS 0064042~ H 8 HI1 2 SS 4930 006G+ 062~ YNNIINYV dvavd ¥d*dW3l 1-21L€81
S310N *LM  gMd- 490 D H1VY MOIH MO X Q T M 1S 25 0 L 9 S d 23 Jivy LIND HIIH WHON MG) NO1LVI0T OGNV 3WVUN 3002
du 4IUX ¥IaX dIN D ¥O0  S4INVY X / / /7 /S D dw 11/ 2D N0 SIONVY IN3WIUNSY 3N 01
SIINTH44)Y ASG V 03dd  dI0X X V 4 D HW W D09 8 S S S V 03dd 1S3¥3 AN
. 190 - SOIWVNAUCWYIHL i
G961¢8 YIGWIAIN IXvl 3NIT3Sve
6  ¥IWWNN 19Ve £€864-£SYN ¥IBWNAN 1IVYLNOD

(P,3u0d) §=9°*G 9TQBL



(VI)5-95

— i@ 0 9% S 22 4 _H 3281315 S 3¥NS0TD LIVINGD 20N S3d L1VE dVi 170A 01 X~%9€431
0 0 -y _ SS90 __ 4 M ¥28131S_ SS __3¥NS01) IDVINDD  2ON S30_L1VE dvl 1I0A IH X-€9€4IL_
0 0 4-% _ SS 2 4 H ¥geetritls__Ss 33NS07D 19VINOD  TON S30 11Ve dvi LTWOA 01 X-29€%3L
e 0 0 %% _ SS 29 4 W ¥2g131TSs S 3¥NS0TY_LDVINDD  1ON $30 1iv8 dvi L10A IH X-T9€43L
0 0 2-9 SS 002 0QZ__ ¥ 1S 2 ¢8MHTSG SS 4930 002 _ _ O _ Z°ON IN3ISV° L1¥8°dW3L 1-S0S€DL
0 0 ¢-9___S§ 00z Q02 v 1S 29898 H1SG _SS 4930 002 . O 1°ON INIDSY*11V8°dW3l 1-$0SEIL
. _o__o0_ 29 ss 00z 02 v 1S 288 H 1SS SS 4930 002 0 £°ON_AN32S3Q°1LVE dW3L L-£0S€IL
0 0 2-9 SS 00Z 02 v 1 288H1TSc6 SS 4930 002 0 Z°ON IN32S30°11V8°dWIL 1-205€D1
0 0 z-9  SS_ 00Z 02 v I 288 HTSS SS 4930 00Z "o 1°0N IN3J$30°14V6°"dW3L 1-T0SEIL
—— - e T T T LSS v 1S 28 8H T S6 SS SdWv 09 0 _ _Z°ON IN3DSV 1iv8*INIW¥ND I-602131
- - - $S v IS 288 H 1SS SS Sdw 09 0 1°0N IN3ISV 1iVE*LNIYUND I-OZ131L
- e- - s$ v 1 288H 1SS SS SdWw 09 0 £0N IN3JS30 L1vE*INIJ¥ND I-€0Z1I1
= == =SS v 1S 298 H 1SS _SS SAWW 09 _ 0 __ZON_IN32S3Q LLVE*LN¥UND D-ZOZT1IL
-— - - ss v % 28 8H1SG SS SdWv 09 0 10N IN3DS3Q L1ve*1NTIUND D-10Z101
L0511 - - - s$ 3 SS  J0A $*9Z SN S.¥ONI WILSAS LI0A A-Z0€07L
=-L oTT.f-E ss oy 0 v d2€8HISY S§ 30A 0y 02 _ SNS S.¥INI WILSAS LTOA A-ZO€O3L
Ly0w1L == == - ss 3 SS  20A $°92 SNS S.Y3ANVWWOD LTOA A-10€091
- - g~z SS 0% 0 v 1 4ZE88HTSY¥ SS J0A 0% 02 SN S ¥3CNYWWOD LI0A A-10£031
i . e- _=-=_Z-2._ _SS_ 0% Q0 v 1S 288 H 1SS SS JIA_0v__ 82 _0Z_ _ _ 2°ON_INIISV-LIVE*LI0A A-502071
-- - z-2 s$ 0% ¢ v 1 288HISS SS J0A Oy 82 02 T°ON IN3DSV*L1VE*1T10A A-502031
- - z-Z ss 0% 0 v IS 28 8HISS SS 20A 0y 82 02 £°0N IN3JS30°LLVE*1ICA A-£02001
~- == 2-2__SS 0% 0 ¥ ___1S_ zA8HI1ISSE SS O0A O _8Z 02  2°ON _INIISIQ*L1VE‘L1I0A A-202091
-~ - z-Z sS 04 O v 1S 298HISS SS 20A 0% 82 02 T°ON IN3S3Q°L1VE*LI0A A-102031
990511 e SS  0Z% 08¢ 315 4Z88HTSGE" SS SdI 0Ty 0C% O6f SNE YILYIANI4O3¥A 4-§51074
950971 - == €-£ __SS_OFT 0 V. _ 23S 42Z88HISS SS _SWIASZ1 SIT SOU __ SNG ¥ILWIANI*IOVLIOA A-1L0074
9 SILON *1M  YMd- 390 2 JIVY HOTH MUT X G T M 1S DS 0 L 9 S d I 3LVY LINA HOIH WHON MOT NOILVI0) ONV 3WVN 3000
N ¥0 420X ¥I0X dIN D ¥U  SASNVE X / / / /S I d¥ 11 /20 ¥ S3IONVH INIWIUN SV IW al
H o STONIYIIIY ASO v 83¥4 820X X V 4 D Hw WL O €S S S v O3 1S3U3INI
7 L9 ¥IMCd WITYLI313

696148 418WIAON
OT  ¥3IHWNN 39vd

(p,2u0d) 6-9*¢ aTqBy

IXvi 3N113SvE

€86%-6SYN YIBWNN LIVYINGD




(S - L]

i
i

(VI)5-96

-- -- - SS© y I 3 ¢ v B H TS SN Sl v ot ¢ N CiNtand 3-620801

Q g -2 SS  o¥ o W 12 w8 1S I Tel S 6¢ e G108 NN A=92L0RDL
0 o Z=9 5SS wuy e 9 32 M e H 1S SS 490 (9 <ga Wk Vivbdl 3L 1-£20891
0 0 =4 SS JJ E] S4 CUOSUTD LDVIE D SHid AN SAS RN 0 Y v X-CLE9D)
Q @ Y=4 SS 1) E} Ss OSETD Bviae D sl ST SsAS MO Ty Sy LYH x=HL1€901
¢} 0 v 5S 3 3 St ACSETY LN EN D SO SN SAS Wb RDN S L0 VY X=€2€9DL
< Q =Y SH 3D k] SS ~eNSUAD LDV LIPSty SN SAS NG dJY S U kv X-2l89D1
¢ Q h=4% 55 )2 4 5S Jafal D) LIV INCTS SOt Sh 4 SAS WO ToN S0 ivd x=T126901L
LH0sL v < £=% SS JJ P HO 9 al 4 1S $S TEO50T LD M CON 2SY MND 23A0/ LSHIARN X-qTe 901
LYyo%Il v ¥ [T d >S 12 Tk 3¢9 1T 3 1S Sh (RX LI S b BN S i LT TON SV MDD 2"A Y S ALY X=+1¢901
Le0%L Q 0 £€-% SS s} dJkh 42 %1 3 1S S IR LAY S o e L A L PNRS CON S, ¥0D A4At/ SHIA_s X-E1€971
LyOyy o 0 €-% sS 2) Jh 42451 3158 SsS ZelSUTI 1DVINGD ZUh €70 NG BIAN/ NI IASY A=2T1E901
LHne g &} o (22 $S 1) JH Yz W1l 1S SS ~alSD 4OV INCD 16N m.n PN LA/ S sALn Xx=TT€9D1
0 v b= SS J2 4 $S SdNSUD LUy AMan SNy kG2 NN 20N DSy LIVEG X-6Lt %01
¢ 0 h=% SS Ja d $S PR AR S TR S AT IR SOL ¢ PD TN ISy Llvw X=%L1€9DL
[V} 3] b= SS JJ El SS NSO LDV IR SNE HC D NI €N S 0 Live X-£l€%D1
0 0 b=t $S ) 4 SS ZEPSOTD LoV INGD SN P wlDd N 20N S-( LIVH X=2Lf %01
¢ o =4 SS 22 4 * S$S JANSETY 1IN AR SNE LRUD MO TON S0 LIVE X-TL€%21
Y ¢ b=y SS hp) 3 K 3¢9l 318 SS 230SU2 1V N ) CIN ISY 1IVH dvl 1A 01 x-0LevIl
[§] o] Y=Yy $S bR El H 32811 11S SS Za05070 1dvilna® CON JSY LUVve dVL LI0A IH X-69¢%D1
0 0 H=d 5S kD) 3 H 3y ¢8132T1S SS A0S LDV INGD Tub 35% 11Ve ¢%l LI0A 07 X-89€63]
0 C =Yy 5S ) 4 o3 28T F0 > SS 3dNSHAD LDV INE D TON JSVv 1ivd dvl L10A IH X-L9€%)D1
¢ u h=4 SS 22 E] H 3¢ ¢ 1 11S SS IANSOTD LIV INGD €ON SO0 LLVE avi LT0A 00 X-99€%D1
0 4] =Y SS JJ E] H 3421 31S $S SHNSUAT LIVIENDD LON S30 1AV a¥l LA K X~4Gt $D1L

S310N TIM aMd- 390 V) SLlvY HOLA MOT X U0 T M 1S ) S O 1 Y s WD 1Lvd LINA HEIH heCUN tQ1 NCTLINDCT N B vl 3002

d0 adUX ¥w)AX dIN I du SAunva X / / / /S D e ¥ T T /DN N SICNYTY LNz TIARSY dn al

PERLEFEERE ASO v Oins 337X XV 4 IHNhWOY&SSSVY $ad 1S .22
e L) i yiMa IvDI149124713
GORT*R dIuWIADN IXvi 3INIT4SVE
1T ddennN 39Vd €8EH=F SYN rIekNN IOWVILINGD

(P,3u0d) ¢-9° ¢ STqBE



(VI)5-97

. 042 00°% 1-% ss_0f_ 0 v . . .SS OHMWA OE _ __ O
€6664L 0L°2 00°1 1-%__ SS__ 0t _0 1271 42998HTSS SS OHwd 0E 2 0
- -- .- .__.SS __ _z2¢ ____._ m _ o - SS VvISd 2°¢
. - -= - SS 01 0 v SS vIsd Ol . ___ o0
1€* 82° 1-» __SS 01_ 0 1 4¢98HISS S$S viSs OT & 0
21 9 _z-9 s§ 011 _o¢ _H__z9®8HTISSG SS 4930 001 08 Of
o 21 0 2-9 SS 011 _0¢f H 2 88H1S__SS 4930 001 08 Of
2l 0 z-9__ $S OI1 0¢ v _ _1 d4288HTS S$S 4930 001 09 O€
0 0 g% _SS _ _23 1 3428131 S 34NS07D 10VINDD
.. LebbdL €1 O 4-% ssS 2 1 __..SS___3¥NS01D_1DVINDD
€1° 0  ¢-%  SS 3 H ze131s 3 WNSGTI LIVINGD
€1° 0 G-¢ sS _M H ze131S s 3¥NS012 1IVINDD
g1t 0 g-% S 39 S ¢ 8 1.3 1.S _SS__3dnS07D 12VINDD
€1° 0  §-4 sS 23 ) H dza131Ss S 3¥NSOTI LIVINDD
£1° 0 S-v 5S 29 H z28131s S 340S019 L1IVINDD
) €1t 0. S=% _ SS___93_ . M __z414LS___Sss 3¥NS0TI LIVINDD
€1° 0 g-4 SS . .M . H 2413158 S NSOTD 1V INGD
€1° 0 §-v §S 27 H ze13ts $S 33NSOTY LIVINDD
) 666641 _€2°  G2° - SS 009§ 00s 19 s SS_ Wd¥ _ 00s€ 009
666641 €2° S§2° - $S  009¢ 00s 12 s SS  wd¥ 00SE 009
0 0 h-v ss 29 1 ss 3dNS01I 1OV INDD
00 __€=b sS 3 MH d28131.S SS _ 3d0SUTD LIVINDD
0 0 €- $S 2 ,IH 4z281 371 SS 24AS01D 1IVINDD
0 0 5-% SS 2 ) H ze131s ss 34NS0T1I 1IVIND)D
. 0. 0 _§%_ _SS_ 2 M __28131S__SS 3¥NS0ID 12VINDD
p] S3 10N *1M  ¥Md~ 390 2 31Vd HOIH MOT X C T M IS DS UL 9 S YD IiVY LINN HOIH WHON MO
N ) 430X 800X dIN 2 ¥0 S39NVE X / / / /S I d¥ 11 /D3 ¥n SIONVY
H  S3IN3YI43Y ASO V 03¥3 420X X v 4 JHW W O9 8 S S SV 0Ind 15383 NI
g 12 103ANOD_ IVANIWNOHT AN

696148 YIGWIAUN
21 YIGWNN 39vd

(P,3u0d) §-9°G aTqey

IVIiavd 202¢SS3dd
AVIldvd 2034SS3Aud

1373100 1INS*SS3¥d

137100 LINS*SS3nd

137100 1INS*SS3Aud

137100 2°0ON LINS*dWIlL
L371IN0 T°0ON LINS*dWidl
149N 2 INS4dRWiL

133735 2CN ¥0ivdevd3S OCH
SOd J24S NI 39CTIdiyv) 20D
SGd 23S NI 3J9CQ1¥LdvI 212
N3dh 1dA A¥NL3E SV NIEYD

Q71D IdA NAMNLIY SVY NIFVD

Q350712 1dA 3BaiddAla LINS
N3dDO 1dA 4T1u*$S3dud LINS
380710 IdA 41%*SS34d LINS
3S0ID 20N IdA 1JINT LINS
4S07D 10N IdA L3IINT LINS
¢ ON d01V¥3ddS OZH*ILVH

T ON H01Vd3d3S O2ZH* 3ivy

TIvd SS3¥dW0I LINS 1D374S

TIv4°SSIUVAW0OD LINS 3HVdS
IIv4°SSIudWad LINS IWlud
123735 *diW0D LINS 34vdS
133735 "aW0Z LINS 3Aldd

NOILVIDT OGNV IWVN
INZWSANSY IW

IXvi 3NITV3ISve
€86%~6SUN HIHUWNN LIOVYLINCD

d-226141
d=12G6T41
d=-10eT131
d-10€141
d=-10¢ 141
1-262141
1-1621041
1-1821414
X-162141¢
X-¢%2131
X=T%2141
X=¢€2141¢
X-1egt4L
X-122141
X-212141
X-112141
X=-20Z2141L
X=107141
u=211141
w=T1T1T48
X-1801414
X=-%80141
X-£80141
X=-28C141
x=-180141

3400
Qa1




(v1)5-98

696148 HIEWIAON
€1 dAIWNN Favd

(P,3u0d) §=~9°*G STqe]

12

8z* 82° - SS sZ 0 H Z288HT1G6 SS VISd G¢ 0 0AY¥3S 1 ATA AX134vsissdyd d-166€31
I T A T A SS H 298 H T TSS TTTTTTTwelT T T T NNVL 20 LN37S3Q SS3ud d-%85€4l
gz* 8z° - SS H 298 HIT SS v8L  ZON SNVLI 20 IN3IISV $S2ud 4-€86€¢d
82° 82° - SS H 288 HLI SS Vel TON %NVI 20 INJJSV $Saud d-286¢€41
- TR 0 €-v SS 33 M1 wze131is SS T T3WNSOYY 1IVINDGD T N340 L2373 ATA 20°¥3W3 X-ZL26G€d1
’ - T = Ss 9 o v T T T T T ss wisda ot T o T T NISVD SS3ud d-126€41
82°* 82° - SS 0ot o 1S 4 ¢ 9 8H 116 SS vIsd O1 [3 0 N1Av)*STI%d d-1L16€41
o TR 0 T e=v 7SS T 0T T TR owze 173U sS T ss T3wunsp1d 1OvINDD NIdD 1dA 20 AIN39d3W3 X-180€41
T TTTETTT 0T Teey SS ) I Tz e v ITS TSST T 3unso) IHviINDD T N3dD 890€ AIA 944°X0 X-HL10€41
€1° 0 G-9 SS 22 H 241318 SS 3¥NS01I 1OVINDD 035012 890€ ATA 934 x0 X-FL0FIL’
T To€1* T 0 T G-y sS T 237 T T T Tas zw® 13 trs T 'SS  3a¥NS012 1IVINDD N340 V90E ATA 93¥°X0 X-2LO0€dL
€1* 0 S$-v  ss 2  T 7TTT TmT Tzel1ais T ss 3WNSOTI 1IVINDD 035072 V90€ ATA 93d°X0 X~110€41
) 0 -9 Ss }) R S, sS FYASO1D 1IVINDD.  ~ T 1lvd ZON dWnd [NVIOG) X-»€6241L
0 0 %-v» Tss Ty 77 T S 78S T 3uNS01Y 1IVINGD 1V ION dwWnNd INVIOCD X-€E6Z41
i ) 0 €-v  SS 9977777 TTo s Mz @131 S SS T 3WNS0TD 12VINDD TIvd 2°ON dWNd LNVICOD X-Z€6231
0 0 € SS 2 1S dZ2e131S SS WSO 1IVINDD ~ 11vd 1°0ON dWnNd INVI00D X-T€6231
L66631 82* 82° -  S§S 09 o v T 7 T 717 7 ss Tvisd 09 05 o0 S¥HIS 10 dWd*ONNA3Y*SSIud d-126241
166641 82° 82* -  SS 09 0 v I SS VISd 09 05 O OUHISIA dWNd WINd*SS3ud d-1%2241
U777 ge€hdr elt o = SS 091 0 v 2 1 $S 4930 091 0% 0€ T INC*I007 8/M NIVWCdWIL L-186241
866641 21° 0O - SS 091 © v 1 7SS 4930 091 09  O€LN0 700D ©/M INVONNGIW‘dWil L-12924%
0 0 s-v Ss 22 T I z28131s  SS 34NSOTD 1IVINDD 1337135 2°CN dwNd ANVIOUD X-2L0241
o 0 6  &-% sS 37 Tz et 3 rs TS WNSDID 1IVINGD ~ 4237135 T°ON dWRd INVIO0D X-T110Z41
9 0 €-% SS Ty T 21S 42861518 SS  3WNSOTI LIVINGD  TAT 01 GINIH*22v INVIGOD X-140241
1€* gz - ss os o 17 ¥24Y4BHISS SS AISd 08 G4 O dWNd INVIOND widd*d 130 d-120Z41
T - 21 o0 z-9 SS o011 O€ V. S 4z w8 H 16 $S 3530 011 o8 o0¢ T T T T NTHVI'dWSL i-159T141
9 S3 10N “IM  ¥Md- 390 2 JLvd HOIH MDY X Q TM IS 25 0 L 9 S ¥ D 2Lvd LIND HITH WION MO NDTL¥I07 ONY 3JWUN 1609
N 0! wIAX ¥IAX dIN D NG SAINVY X / / / /S I dE I 1 /33 ¥ S39NVY INIW3UNSYIW a1
H  S3INI¥343y ASO V 03¥4  ¥IUX X V 4 IHWN WO 9 €S S S v 034 L1SIYIINIT
3 ) J04INDD IVLINIWNOEIANS

IXvli 3INIT3ISVH

B6H=-6SUYN WITWNN LIVAHINCD




(V1)5-99

- - - SS 82 O z 8 SS J0A 8¢ 0 1S3L 8/v AIA 938 20 LIOA A-60%841
T T ST SS ®8Z o0 z 9 SS  J0A 8¢ o S0d ATA 1¥3A10 1INnS II0A A=L06ATL
-— TS SS 8¢ O F] SS JaA 8¢ 0 DI*€ M0 MS da dWhd LI0A AS82Z0941
=== = SS 8¢ O Z 8 SS JQA 8¢ 0 TH € XQ MS dd dWNd LI1DA A-120841
) T LTI - SS 82 O Z 9 SS J0A 8¢ ~ 0 0177 %0 MS 40 dWhd 110A A<9Zog3l
T - - = = SS 8¢ O FA] - SS JaA 8¢ T T 0 T 1H € %@ MSTdl dwnd 1I0A A-gzZo83i
- - - SS 8¢ O F] SS  J0A 8¢ ) 61 1 %0 MS dd dWNd L10A A—%Z0R3L
- -~ - - SS 8¢ 0 Z 8 SS J0A- Re 0 Vv 0401 %G MS Nd 100D 170A A-020931
- T T TS e - SS 8¢ O Z g SS~ J0A 82 0~V 0d6M0 MS dWNd 1003 110A A-610831
-— == - SS S ] SS  1Jd G Y31VM Z.OINVI*JSVIALIINVAD D-€8GHd1
T SL° 0§° 1-% SS 001 0 v T 448 HTT % SS 134 o001 0 Y3LVM € NV ISV ALTINVAD 0O-€85%J1 -
T -— - - SS S p) SS 12d S ¥31VM T ¥NVI ISVIALIINVND DO-286%31
sL* 0S5° 1-% SS 001 O 7 7 dZ8B8HIT1% SS 1dd o0t 0 B3LVvM T JNVLI-JOSVIALILINVND B-28Gvd1
- - [ SS o1 ) SS  12d 0T  ¥31VM MNV1 JS30*ALIINVAD 0-18S%31
- §L* 05° 1-% SS 001 O 7 17 ¥288HT1% SS 124 001 0 YILVM SNVI*HSIA*ALITINVAD O-186%41 i
€1l° 0 2¢-9 SS 009 0O H H { SS - 4930 009 oY 7109 3d1d 1V3H D18 dW3l 1-595941
- €1° 0 2-9 SS 009 o© H H T SS 4930 009 0% ONOD 3dTd 1vaH 91d dW3IL 1996431
T 91° 0 2z-9 SS 091 0 H H 1 SS 2930 091 0 0ZH 1IN0 ZON YNVLI®JSV dW3l 1-€96%41 -
91° 0 2-9 SS 091 0 H H 1 S 3930 091 0 OZH 1IN0 TGN ANVI°JOSV dWIL 1-29%531
91 0 2-9 SS 091 0 H R 1 SS 3930 091 0 O¢H 1IN0 WNVI-D5S30 dW3I 1-196%%41
) 91~ 0 2-9 SS 091 0 H HT11G&6 SS 4930 091 0L o0t YILVM N1 8/M 1INS*dWIL 1-T%GH41
91 0 2-9 SS 091 0 TS H 116 S$S 34930 091 0Z Ot YILIVM NI a/M NIVW aw3Il I1-11G%31
Te* 82° - SS ¢ 0 H FACECEC B SS VvISd ¢ 1 0 ONNG3Y BIIVM/IINS d 130 d-201%41
o 1e- 8¢° - SS ¢ 0 H Z 98 H11 SS vIsSd ¢ T 0 NIVW ¥3I1VM/IINS d 130 9-101931
82° 82° - SS s¢ 0 H Z88HTI1G SS VISd 5¢ 0 OA¥3S ¢ ATA A133vS'5S3ud d-266G€d1
9 T S310N “IM uMd- 390 D 34vd HOIH MO1 X G T M 15 2 S @ 1 9 S 9 J 31IvY 1INN HOIH WHON MO NOTIVID1 OGNV 3WVN 30097
N 0 ¥J0X d)OX dIN D d0  S3IONVY X / / /. /S I dd 11/ 23 ¥ SIONVY INIWIUNSVIW ail
H  S3IN3¥343d ASO V D3¥3 930X X V 3 I HW W 09 8 S S § v D3ya 1S3Y¥IINT
) T J0¥ANOD IVINIWNOWIANI

6961°8 Y3IBWIAON

%1

Y3IBWNN 39Vd

IXvl 3INIT3ISvVE
€869—6SYN AFBWNN LIVILINOD

(p,3u02) G-9°¢G °Tqel



(vi)s5-100

-— —= 1-4 SS  009€ 00¢ 1)1 479 8HT SS  Wdy 00s¢€ 009 ¥DLV¥VdAS 0ZH LI3713$43I1VY N-666641L
-~ -- - T7ss o0l sv v~ 7T T T ssT 3930 o9t ¢y T LINO 002 8/M 12313S4dW3L N-866641
TR S §§ 091 0 795 42 88 H1 6 SS 4930 091 0f  IND°1002 6/M 13373S*dWJIL N-866641
- -—- - ss 09 o v 1728 eR1 8 SS VIS 09 o 1IN0 dWNd G31237135°SS3¥d N-L66631
0 0  %-%  SS 277 7T - T 78S T 3¥NSOTY 1DVINUD  AQY 9SGL 20D IM/13S HO1T n-€éek3l
’ T TIeTT o -9 SS 091 © v H dz88HTI SS 3930 091 0% 0t  100A19 1IN0 d¥0LVIGVY dW3IL i-£0984L
1€ 0 2-9 SS 09T 0O v TR Wz e s H T I SS 4930 091 1 0¢ ©3ILVHOAVA3 3d1d 1VIH dW3L 1-209831
1€ 0 2-9 SS 091 O v H d9z8gHTI S$ 4930 091 0€  Y3ISN3ONOD 3dId LVIH dWIL L-109841
i e SS 8§z 0 F] SS 0aA 8¢ 0 T 7T Z0N NV3 LinS LI0A A-9€6edl T
-— - - Ss 8z 0 - T TZ'e T 7T ss aJan sz 0 20N NV LINS LI0A A-GEG3d41
-— - - ss 8z 0 7 T Tge 7 77 ss oaaa sz oo JIATVA OTON3T0S DZH L70A A-52SB41
T T TS SS &1 0 Z 9 SS J0A §1 0 ZON NVd N16VD LIOA A-2684d1
- - - $S st 0 T T T ze T 7T ss aaa st T T o 7T T zoN Nvad NISv) 170A A-g£26831L
-~ - - ss §1 o - z9 7 ss aan st "o T 1onN Nv3 NISVY LIOA A-Zzssdl
T T Lo KA ] Z € SS 34A st [ TON NVd NiGYD 110A A-126831
9 S410N *IM  ¥Md- 490 D 2LVy HOIH MOT X @ 1M 1S 2 S Q L 9 S ¥ 3 31vy LINN HOIH WYON MOT  NOILVI0T OGNV 3WYN 3603
N ) 490X HIAX_dIN I MO . SaONVY_ X_/ / / /S 3 d.d 1 1./ 2. 3_¥0 ___  SIONYY _ _ INIWIUNSY3IW R A
H  S3ONI¥343d ASO V D3d4 ¥20X X V 4D HW WD9 9SS S v D3us ISTYTINT
Yoo 12 0P ANOD _IVANIWNOUT ANS

596148 a3UW3AON

sl

¥IAGWNN FOVd

(P,3u0d) 6-g°G 2Tq®]

IXvi 3INIT3Sve
€864%—-6SYN AIGWNN LIVELINRD



(VIi)s5-101

- - et Ny 2 0 19V 01 Y SWIA 2 5] 9IS d03S VdId 123735 1I0A A-1%E£T194

W
-~ == = My v DY SHUA 334 _A4¥341N8 INZ°€ L1T0A A-LO€191 eu/

B —~ - - ss H 288 HIN SS _SWYA 433 A13¥311N8 INZ°*€ L1I0A A-L0€191 )
- == = sS 288 1 SS INAS 291/d-1 IMZ°*E 3SVHd 8-90€191
o . — - - SS_ 6% 0 288 1 SS _SWMA 0% 0 00-dS SdJ008 A8Z NWI L1T10A A-£02191
-~ -- - SS 0y 0 288 1 SS SW¥A 0% 0 006dS Sd2008 A2 NWI 110A A-202191
- == = SS 0% [4] ) H ¢ 48 HTIN SS _ SWYA 0% 0 00~-dl SdJ008 AB8Z NWl 170A A-102191
— - = ss 1S zZ@8BHINZ SS I0A W3d SVIS WL J0A S°Z*i10A A-0TT191
-~ - - SS__0g- 0 1S 29 8HI1 SS__2aA _ 0f- 0 A1ddNS JGA S°22- L110A A-00T191
-~ - - SS 1S 288 HTI SS__JdA A1ddNS JUAOZ+ VIS LI0A A-0S0T94
e a= - 01 281 o1 o1 £19 ____ %V¥3d_3SION dNS JGA%+ NA3 X-ZH0T191
L — - = ss 299 1 SS_ SWuA 3SION dNS J0A%+ NA3 LI0A A-150191 )
-~ - - ss IS 288 H1 SS_ 9aA 13A37 dNS 20A%+ NGI 110A A-0%0194
e . mmoTToS o1 _281_ 0L " 01 119 . __ »v3d 3SION dNS_D0Av+ D91 X-Z€0191
e T R S _ ¢ 88 1 SS_SHiA e 3SION_dNS J0AY+ 291 LI0A A-1€019¢
—~ == = Ss 1S Z88HI1 SS__20A 13A31 _dNS I0A¥+ 297 110A A-0€0191
L — -- - o1 281 _ ot__ o1 119 ___ vv3d 3SION dNS J0A%T+ 291 X-2ZOT94
- .. TSTm T :SS €98 1SS _SWdA _ _ __3SION d0S J0AYI+ I91 LIOA A-T20191
-~ = - Ss 1Sz 88 H1 SS_ 9aA A31 dNS 20A #T+ 297 L1DA A-020191
o -~ =-_ -___SS o0zl 0 H Z98HIN $S _J0A_0Z1___ O _43¥°¥04 3SINd_J0A 021 _LIOA A-000191
-~ = -l SS _ v SS S/3 . 4291 IwdAUVILAEA 1-021094
- -=- - ss v Ss__s/d (297) _OHYM303*13A 1-611091
N == -—= - _ _ss Q ss s/d 1397) 31v¥ 30N1117V*I13A 1-811091
-~ == =-__ _SSs a SS 14 — __1993) 30NLI1IV*S0Od H-2T1091
o -~ = = H 4 2 80% SOS N VIVO VL1910 ¥3LNdWOI X-T00091
9 S310N *IM “yMd- 390 O 31vd HOIH MO X G T M 1S 25 Q 1 9 5 d 2 31vY LINA HOTH WHON MO~ "NOTIvIGT ONv IWVN - aday”
N u0 ¥IAX ¥IAX _dIN I WO  SIONVY X / / / /S DI d ¥ 11 /DI ¥O_ _ SIINVY o . AN3w3WNSVIW a1 _
H S3IN3¥T43y ASOV 0344 HIGX X V 3 I HW W O 9 85 S S v o3y 153¥31INI
I 12 JINVEING ANV NOLLVOLAVN
C961'8 9JuWIAON TXVL 3Ni13sve
91 W3IGWNN I9vd €86%-6SYN ¥IGWNN LIVILNOD

(P,3u0d) ¢-9°¢ °Tqe]



(VI)5-102

- = - 202 0Z O H 2 8 8 HOOIN § D0Z SW3A 02 0~ HANI woudd OA¥3S 91 1I0A A=L0T291
I SS /T EERAN SS T 2aA” YAd J0A8Z+ VdId 2 LIOA A-£%0291
— - = SS H 298HT1N SS Swan "7 avnd 1nd0 95 Vdld 7 AT0A A-2%029i
- = - o1 L 0 H 2 88 H OGN 201 SWiA L 0 HANT (Nd0 39S vdid 7 L10A A-1%0291
T ottt Lo/ ¢ My 1 ) TV 01 %% SW¥A [~ "0 77 THMI3HD 300W Vdld 7 LI0A A-0%0291
o -~ = = ss 7S Z88HIN ss aan T T T 7 WAd D0ABZ+ VdTd A LI0A A-€2029)
- -- - SS H ZE8BHIN SS SKWuA Qvnd INd0 9S vdld A 110A A-¢202891 -
- == - o1 ¢ 0 H 2 88 H OSN 0T SWeA 2° 70 hdNI 1No0 9S VdId A L10A A-12029)
I === = MY 1L 0 1V OU D% SWSA L~ ~ 70 ° 7 %23W) 300W Vvdid A 110A A-02029)
-— = = sS S ZE88HIN SS  JaA ¥Ad J0ABZ+ Vd1d X 11I0A A=€00291
T T TTmTrrmITTTI L SS H Z88HTN SS swan  ~— 77 avno LNd0 95 vdid X LI10A A-Z0CZ9L
i T - =TT o1 ¢ ) H 28 8 HOSN 201 SWBA Z 0 HANI Lnd0 9S vdId X LIGA A-10029i
-— - = My L 0 1v O1 OX% SWoA L 0 %J3HD 300W Ydid X 1710A A-000291"
- === S SS H T3ITNSST o - i T 41v¥3d0 291 X-€2619)
o =TT o1 Z 81 ot o1 179 777 7 TTyv3id 310N 20A8Z ¥3do 291 x-22Z5191
-— - = SS 7S C 8 8 H 1 SS  SWYA 3SION DOABZ u3d0 297 L10A A=12¢T91 "~
T T TSR W TZeeH T T Ss dan 7T 93A37 J0ARZ 4340 I91 LIOA A-026191
oo T Tt oI T2 SS H 94 T3ITN Sss T 440/A9GNVLS NWl X-€16191
-— - - ol : zZ81 o1 ol 119 * 3S10N J0A8Z AGLS NWI X~21519]
T B Ss 2498 1SS SWHA T 3SION DOABZ AHLS NWI LT0A A-T16191
T T T IS SS zesg 1 SS 9aA T 13A37 90A8Z A€1S NW1 LI0A A-0TST9:
-— = - ot Z81 o1 o1 119 Wv3dd 3SICN J20AB¢ 34340 NWI X-Z0S191
T T T T T I TS 298 1T 77 ss smdA 77 7T 7 3SION D0A8Z ¥3d0 NWI LI0A A-10S19}%
T T T ——— sS IS Z@8H 1 sS 2aA T 7 7T TA37 2a0A8Z+ ¥3d0 NWI LI0A A-006191
-— = = 208 ¢ ) Z 98 00% 308 J0A & 0 915 31VY HOIH 103735 170A A-2%€191
79 TTS3ION T I  @Md- 390 D 31VE HOIH MOT X G T M IS 3 S a0 1 9 s d73 21v¥ LINN HOIH wWyON MG NO1LVI07 ONV 3WUN 3009
LN MO ¥J0X ¥IOX_dIN I ¥O_ SIONVY [/ 4 /S ) d. ¥ 1 1. /2.2 MO __ __ SIONVY _ ____ INIWIUNSVIW al
H  S3INIuII3N _ ASO vV D3¥3  wI0X VIIHWHWOO9 SSS v dIud 1S3UIINT
2 ) _3ONVOIND ONY NOILVOIAVN o
G961%S WISWIAON IX¥1 3NT13SvE
e _ LY y3IGWON_39Vd o €86%-bSVN ¥3GWNN LIVIINOD
(P.3U0D) §-9°G 9TqBRL



(v1)5-103

-— - - S 298 1 SS  SWYA 40493 353V0D NG 9w’ LI0A
- === SS T T e 1 SS T SWYA 77 7T u0¥Y3 INIA NdD OWELI0A
T T = ot 0 7 SWeA 0T 7 70  SNHJ-HO¥WI L1V HIL1d*1T0A
-— - - 22 H 2 9 8 HOU N 32 SWHA IR0 OVa Na3 HIL1d 1IGA
- T = = = SS - 288 1 T TSSTSHuA T ¥0¥¥3 35¥v0I NAI 91 LI0A
- — = = SS N-w‘nk::w;. T 7SS T sweA” « 77 T uov¥d 3NI3 NAY 91 LI0A
- - - 82 0 v SWYA 8¢ 0 TS02VINDT 39 X1 5041104
TTmTm T - TR S g2 0 v o T T 7T 7T sWuA 82 0 NIS*IND S3¥ XT 90*L70A
T T T T LT e T2 ¥ AR R 4 ¢ 8§ 8 HOT N~ 22 "SWyAa 82 0 SCI41ND S3¥ X1 90°LI0A
- -- - 22 8¢ 0 - H ¥ 28 8 HOT N 22 SwW3A 82 0 NISEIND S33 X1 730 110A
T - = - SS TTTTT T T TTTTTTT e 8T T 1T 01 SS dwv LNdNT ¥CLO0A w0l 90 Ju¥nd
T T -~ - = 37 02 o0 T T ZTaa ot 7z SwWyA 02 0 ViDL Y0¥Y3I OA¥3S 90 17UA
P — 20¢ 0Z 0 H 2 8 8 HOOIN G 202 SwdA 02~ 0 HJNT ¥Ou93 0A¥3S 90 LI0A
T Tt I 8z 0 v - B SWYA 82 0 SO24LND S3d XT  9W*LI0A
o ST TR T TTEE T 0T Ty -0 SWYA 82 0 NIS*LAD S3¥ XT  9W* LT0A
== = = 3¢ 8¢ O H d¢ 6 8 HOT N 22 TswdATge T T To° SUIYIND S3¥ XT TOW1I0A
T -— =TT = 32 8¢ 0 H @ ¢ 88 HOT N ~ 22 SwWwuA 82 0 NIS®LND S33 XT  9W*1I0A
- T LTI TTTe T T T T T2 d 8 1T T 01 SS dWY dN1 ¥OLOW 3NDA0L 9W* ¥¥ND
- -- = 32 0Z O 2 88 Of 327 SWiA 0¢ 70 T Tiviol ¥0¥u3 aAyaS Ow 1104
T T T TTTLLT TeoTT o 362 02 o6 T H 7T 8 HOOIN § 202 SWHA 02 O HJINI ¥0u¥3 0A%3S  SW LI0A
T e T2 82 0 v o T SWYA 82 0 SOZ44ND S34 XT 9I¢1T0A
-~ -- = 8¢ O v SWwgA 8¢ 0 NIST1ND S34 XU 914 LTON
Tt T T T 3% 8Z O H d¢ 8 8 HOT N~ 722 SWiYA 82 0 SUD*LNO S3Y¥ XT VOI*LI0A
s T 72 82 0 H 8¢ 88 HOT N "5 swyn 82 o ° NIS*LND S3d XT 91'170A
== -- - 3¢ 0¢ O 2 88 01 6 J¢ SWin 02 G IVL0L ¥Ow¥3 0A¥3S T9T 170A
9 SHIONT TT T TIM T dMd= 390 J 3iVY HOIH MOT X G T M 1S 35 G 1 9°S ¥ 3 d1Vy LINA HSIH WHON MO NGILVIGT ONV IWVN
_N . _¥0_ ___¥o0X ¥30X_dIN D ¥0  SIONVY X / / / /S DI d¥ 11 /DD ¥O  S3IONVY IN3W3YNSY AW
H  S3INIY¥YIIIuY ASO v 0344 ¥ 20X X V4 JHWE W 0O98 S S S v 0dus 1S3%3UINI
2 ) 3INVAING ONY NOILVOIAVN

G96148 ¥IBWIADN

81 YIYWNN 39Vd

(P,3u0d) §-9°G sTqBRL

IXV4L INTTIS Ve
€R6H=ESUYN ¥IGWNN LIVILINDD

A-L€2291
A-6€£291
A-2112291)
A-%12291
A-L02291
A-602291
A-€61291
A-281791
A-€L1291
A-ZL1zol
2-0L1291
A-891291
A-L91291
A-£GTZ91
A-251291
A-E% 1251
A-Z%1291
2-04%1291
A-8ET291
A-1€1291
A-€21291
A=221291
A-€11291
A-211291
A~ROT1791

34aG)
al




(VIi)s-10L4

0 0 £-% SS 35 IR 28131 Ss 39NS01D LIVINDD (NOTINVJ) SN9d X-£00691
0 0 e SS 33 M z8131 33 JYASCTI 19V INGI (ONINYVM) 438 T08NT x-200691 T
0 0 £-% SS 22 3R] Ze13l sS 38NS01D 1DV INOD (ONINYYM) 297 X-100691
) 0 G-b SRR H ACIEER! SS 34NS01) 1DVINDD 39VD NWI X-000691
- - - sS zd8g 1 SS 4930 VSd'dW3l 1-220991
-— - - SS 288 1 SS 3930 0OW VD VdIdidW3L 1-020991
- - - SS 288 1N SS 493d 7971° dW3L 1-00€%91
-— - - 22 8z O H 2 9 8 HOT N 2 JZ SWYA 82 0 SOD*S3W X1 NNY1 wO¥*1IDA A-621€91
-— = - 32 8z o H 298 HOTN 2 D2 SWHA 82 ) NTS*S3u XT NN¥1 J0W LI0A ATHZ1€91
-— - < 22 82 0 H Z 8 8 HOT N ¢ JZ SHWUA 8¢ 0 S0D°S38 X1 LJHS WOWP1I0A A-GOTE€91
-~ - - 32 82 o0 H 2 8 8 HOT N 2 22 SWuA 82 T07 TNIS*S3Y X1 L3HS WOYYLIDATA-w01E9T
- -~ - - SS z98 1 SS  SWYA 77T T T T3w3 2 nod3 NN®1TWGY 110A A-2Z0€gyr
- - - SS Zas 1 SS  SWiA W¥3 4 N0J3 NNYL 90N 110A A-120€91
- -—- = = sS zas 1 SS  SWaA T T T w¥3 97na23 1dHs daw 1I0A A-2T0€9t T
-—  -= - SS 298 1 SSSWiA 77T T 4d3 3 na@23 LsMST HAW LI0A A-110€91
-— - - SS P 1 SS NO ¥3M0I8 NWI X-€0€ 291
- -— = - SS Z91 1 SS T o NG ¥31VaH NWl X%-20€29(
oo -— =T ss Z 98 1 TS§S 493 T T T - 9IuI*dW3L 1-10€291
- - - SS 0%t 0 7 dzZ88HING Z SS 4930 091 0 T Tvdld*awdl [-00€¢51
JE R o 01 o© v T TsWdA 0T T 0 SNOd-¥0¥W3 1LV MVA*II0A A-2122291°
T T T T LT 72 H Z 98 HOT N 72 SWIA TTTTTT 10 2va NOD MYACLIOA A-412291
- - - SS 288 1 SS  SWuA ¥D¥¥3 358V0D N0 90°L110A A-192291
T T Tm LI ¢ 33 288 1SS SWuA 777 Ty0¥¥3 3NId4 NG@D 90*LI0A A-$92291
o -~ == o1t o v T 7swuA 01 T 0 TSNOd-90¥¥3 L1V 1108 1I0A A-L42291
-— - - EY3 H 298 HOT N 32  SWHA 1IN0 Jva NAY 1I0YVL90A A=wheedl —
"9 7 TsalON | “AM ¥Md- 390 2 3ivd HOIH MDI X G 1M IS 3 S 0 1 9 § @ D 3ivd IINA HOIH WHON MO NOI1L1vI01 GNV 3WVN 1009
N ¥ _ . ¥IOX_WDOX dIN_ D 0  S3IONVY X / / / /S D 4 ¥ 1 1 /33 ¥0 ____ SIONVY _ _ _____ _ INIWIEINSVIN al
H $3IN3Y343%8 ASO vV D3¥d 430X X V 4 D HW WO 9 8 S S S Vv 0394 1SIUIINI
3 12 IINVAIND ONV_NDILYOTAVN

69678 YIGWIAON
61 ¥3BWNN 39Vvd

IXVl 3N113Sve
€86%-6SYN YIUWNN LIVILNUOD

(p,3u0d) G-9° G oTqeL



(VI)5-105

4] 0 €=y SS 3 1 34281 31 SS val A1vd WI¥L 170Y X-0€€THL
0. 0 _€-%__SS _ 371 szevat _ SS ___ VAL 1V3 WI¥L HDLId X-€2€1HL
— mm o= _SS . _ze.._. _5S 930_06_ ¥0 _0 _ 19%b*)13u/1X3 VA HOLId X-02€1HL
— - - 2y Vel 397 WO¥J IVHLIY VD HILId -6TEIHL
I T e 2.8 _ . _ . ___ . ¥SL 291 WOud AN3LX3 VGO HILId -~BI€THL
.0 0 1-3 91 gl &1- H_ ¥ 2 98 HOT__Z_ 31 SWMA ST+ 6O°+ ST~ (IX%*) SOd_vQ9 17108°L70A A-STETHL
0 (V] 1-2 J1 61+ G1- H 4 2 8 8 HO1 2 O1 SWYA Gl+ 60°+ GT~ (IMH°) SOd VvO9Q HOLIM*LIOA A-€TeTHL
0. 0_ 22 _SS S1_ 0 H_¥288HI Z_$S 3GA U _____ 9°2 ___GWD ISNYHL TVONVWSLIOA A=TTETHL
A - == _ .. SS 82 g 1S¥yz2e681 31 SS J3QGA_82 . O__ d0¥d 01 -J40/NO0- ON3 lewlm.VN.mmmwh.lbl
00 =% % H  z8g131 ss 301¥43IA0_IYId INI X-98Z1HL
.. 9. 0__S%__sS 1 ¥ezel3In___ss e o ..__G3ONVWWOD 39VLS_L¥O8V X-€8ZTHL_
e el _7m == =SS 82 0 H_¥zg13t SS_J0A_82 0 _____ dO¥d OL 440/NO *3°V X-092ZTHL _
00 2-2 2%z gl+ €1- H 2898 HOL 2z 92 J0A €1+ §°+ E1- OWD_ 7104 3SINJ*LIOA A-6%2THL
.. .08 0 27z D5z €1+ €1- H___288HOT _ 2 22 J0A €1+ S°+ €1~ GWD HOLld 3SINd‘LI0A A-85ZTHL
.00 2z dz €1+ €1- _H_ 28 8HOL_ 2 32 I0A €1+ §°+ €1- QWD MVA 3SINA*1TOA A-L%ZTHL_
0O 0 _2-z__ 3z o0l+/ 0i- H_ ¥z 8 8 Hot 52_2aA_ 01+ ¥0 _ 01- QWI*SNVYL 74 110A A-2%21HL
o 0 0 _2-2 22 014/ 01- H 4248 Hot 9z 90A_01+ ¥ ol- QWD *SNVEL A1 *110A A-Tog1HL
o O 0 _2-Z 32 014/ 01- H d2a8 Hot 22_JaA 01+ ¥0 01~ OWI°SNVYL sXs*LI0A A-042THL
0 0 z-z __ss H weze131 s$ 1IN WOYJ) WYV INI*ISY X-0£ZIHL
0 0 2-% _Ss H dZz@13i1 ss (INd)_ QWD WYY 9N3 9530 X-622THL
o 00 2% _ss §1/0 1 zat1at SS J0A ST__¥0 0 GNVWWOD 430 9N3 0LNV X-LT12THL
0 0 2-% S5 61/ 0 1 z8131 SS J0A 61 ¥ 0 ONYWWOD __NO_ 9N3 0UNV X—5TZTHL
— - - SS & 0 z 9 $S _J0A  g-2 0 Sdd¥Z'€ ¥230 WL OLNV LI0A A-2121HL
-~ -- - sS § 0 z 9 SS_ D0A  g-2 0 Sdd¥Z'E WON1 Wi 04NV L10A A-11ZTHL
0 0 S-4 SS 22 H d 1.3 1 SS 3¥NS013 12VINDD IN3L13C 40 iN0 VIV X-%02THL
§  S3i0N “IM WAd- 390 D 3LV HOTH MO1 X0 TM 15 7S G 1 9 S § ) 3ive LINN HOIH WSON ROT  NOTIVOOT ONV 3WVN 3007
N ) ¥IOX _¥IAX dIN 3 40 SIONVY X/ / / /S D4 ¥ 11 /3D ¥ SIONVY INIWIUNSYIN a1
W $3oN3¥3adu ASO V B3¥3  W¥IOX X V Jd D AW W 09 § S § S y 03ud ISIWIINT
b 19 $32-10WINDD ONV ALITIBVLS
696148 YIAWIADN IXvl 3INIT3SvE
_ 0z _Y38WNN 39vd €86%-6SYN ¥IGWIN 1IVYLINOD

(P,3u0d) 6-9°¢ a1qBy



(VI)5-106

0 0 Z-Y 82 / 0 T 42 8 1 3002 SW 00%—0T°XVW Sdd9 ABZ*LIN0 B3A1dGeT LIFYITOA A-6Z%THL
) 0 z-v T8 70 TTTT MM 4z 813002 T TSW 00Y-01°XVW Sdd9 ABZ'IN0 W3AIHQTT L3Ir‘1I0A A-8ZHTHE
0 0 z-v T 827077 TWW 9z e 173002 T 7 Sw 00%-0T*XVW Sdd9 ARZCINO ¥IATHGOT LIFCLIOA A~izbTHL T
T T T TG 2= 8z / 0 MH 8281 3002 SW 00%-01°XVK Sdd9 ABZ*1ND W3A140 6 L3r*110A A=97%1RAL
0 o z-v T T8z /0 MH dzadg1t300z SW 0O0%~01*XVYW Sdd9 ABZ4LAN uw3AINA 8 LIF*LI0A A-6ZHTHL
0 0o z-v 82 /0  MH WwezeT1s3so00z SW 00%-0T*XVYW Sdd9 ASZIN0 ¥3AINO L L3F*LT0A A-%ZHTHL
) TTTTTTT TG 0 é-% 82 /7 0 MH d424d1 3002 SW 00%-01°XVW Sdd9 ABZ'1N0 ¥3A1d0 9 L3rFLI10A A-€2%THL
0 0 2-% "8z /0 7 T MM dzar3ooz SW 00%~0T*XVW Sdd9 ABZ*ING ¥3IAIYU 6 LIAF*LI0A A~Z2%THL ’
0 0o 2= 82 / 0 T MM dwezau13o00z ~ SW 009-0T*XVW Sdd9 ABZ*LN0 Y3AING % LIF*LIOA A-T2%1HL
I D N 82 7 0 MH uZa4a1 300¢ SW D0%-0T1°XVW Sdd9 ABZ°IND ¥3AT¥0 € 13FY1T0A A<0Zo1H1™ ~ 7~
0 0o 2-% "8z 70 T MK ¥zago1l300Z SW 00%~0T*XVYW Sdd9 A8Z*IND d3AI¥Q Z LIAr*LTOA A-6THTHL
0 0 2-% 82 / 0 T T MH §zataooz SW 00%-0T XYW Sdd9 ABZ*LND ¥3AT¥A T LIr*LT10A A-BTHTHL
T T TNy = M 208w+ A1ddNS 20 Av+ 1I0A A-80%THL™
0 o z-z - M ) T 7 o0A T S1- A1ddNS 20 AGT- LI0A A-L0%THL
0 0o z-2 - M i} R 1+ T RS o A1ddNS 20 AST+ LI0A A~90%THL
’ T o 0 e-¢ ) SWUA 82+ 82— OA8°L1IX3 dJ0NITd voY 1I0A A=Go¥THI =~~~
0, 0 2-¢ 'S o T 77 T SHYA 92+ 92— IMG°Hd I YiW NdS VO¥ LT0A A-€0HTHL
0 0 2Z-€ M . SWHA 92+ 92— OM8°Hd 9 ¥IW NdS VOd LI0A A-ZO%HTHL
T 0 ¢ - M SWaA 92+ 7777 9ZT I%8THd V ¥1W NdS V3Y LIOA A~T0%THL T T
-— - - SS 82 / 0 - z g SS JaA 82 ¥ 0O (1IN0 v230) wWyv 9N3 IS30 X~84E€IHL
-~  -- - Ss Cozw T sSs 930 06 ¥ 0O (%%} £3¥/1%X3  vA9 1I0Y¥ X-GHETHL
T T TITC T s T T T OTTUNRI 097 WO 1ovdl3d va9 1908 e THL
- -- - B 29 - o vel 297 WOdd ONILIXd v09 1I0¥  ~E%ETHL
-~ -- - 8S S o v "7 ss J0A s 0 1SNYUHL NVW/DLNVA LI0A A-ZEETHL
T TTTTTTO T T e T 2E 2 s1° 0O H 3288 HOT z 91 90A 21 7 610° 0 7 UWD LSAYHL OLNVS 110N A-TEETHI
9 S3L0N *LM  ¥Mg- 390 O 3ivy HOIH MDT X Q@ T M IS 2SO0 L 9 S W3 3ivd LIND HOTH WEON MO NOILVI071 GNY IWYN 3009
N 40 ¥I0X ¥IOX dIN 3 Y0 SIINVE X 4 / / /S 3 ¥ I 1 /I ¥ SIONVY INIWIYNSVY IW a1
H  S3INIHIIIY ASO Vv DJ¥d  ¥J0X X VvV 3 DHW WO 9 8SSS v 03y 1S3YIUINI
5. . . A0 — S37-10YINOD_ ONV_ALIDIBVLS .

$961¢8 d4J8WIAON
12

d3HYWNON 39vd

(P,3uU0d) G-9°¢ oTqRy

IXV1l 3INIT3ISVE
£R6H-6SYN UIBWNIN LIVHLINGD



(V1i)s-107

0 0 1-L 32 H d 2 9 8 HOT FH V&1 (O¥B°)¥0uY¥3I LIV 11049 L70A A-LSHTHL
T 0 0 1-2 22 H ¥ ¢ 8 8 HOT 22 VEL(I%8°)¥0Y¥Y3 LIV HILId*1I0A A-9G%TH]
o e ) 6 1-7 kY H 42 88 HOU 22 VAL (J%8°) d0N9d 11V MVASLION A-GGHTHL
= - < vi+ Hi- F3K] 30A %1+ v1- Y0YYd Wizl 1108 1I10A A-2GYTHI
ot e TS Y1+ 41— P AN Hi+  Hi- W0YY3 Widl HILTd LIOA A-0GHTHL
- -~ = = K] Vel 91 ON GWJ 13f J97 L10A A<69%1HL
- - - Z 8 Vel ST ON QWD 13F 297 L10A A-B9%%1IHL
I T = ¢ 3] Vel %Y ON QWD 13F 997 170A A<Lyy Wl
- - ToRIT = P vel €1 ON GWJ 131 297 170A A-9%%THI
- - = P vel 21 ON QWD 13f 097 1V0A A-G9H1HL
TOTTTITT == Z 0 VEL 11 ON gw3 I3F 297 LT0A A=$%% 1AL
o T - = = 3R] val 01 ON QWD L13r 391 L70A A=£94THL
-— - - 2 4 L 6 ON GWD 13r 2971 IJ0A A=Z2%%1HL
ol TS A T § ON QWD 130 297 LT0A A-THYTHL
T ST Tt T T T T T T T TWEL L ON aW3 13F7391 L£I0A A-0YYIALT
= Z 8 val 9 ON GRD 13r 291 L1OA A~6ECYIHL
o TT T Tt ¢ Z 4 ||| vel S ON OWJ 13r 397 LI0N A-geyTHT ~
. - LTI F] T T T T T OTTTTUWAL T TS 0N GWO L3 29T TI0A A= e THL T
-—= --= = P Vel € ON OWD L13r 997 L10A A-Se%THL
- T LTI = - 2 I Vel ¢ ONTOND L3709 DA A-GELTHL
[ 2] T vl T T ON GWJ 137 297 LI0A A-HE4THL
0 0 2-% 8¢ /7 O M H § ¢ 81 300¢ SW 00%-01°XVW Sdd9 ABZ°1ND WAAIT8QG91 LIrPLI0OA A-€e4THL
- 67 0 T T eT O MH d§ ¢ 8173002 “SW 00%-0T XYW $dd9 ASE INO 9IATHUS T 13r* LIOA A~ZEYTHL
0o "o 2% 8z / 0 MH 4 ¢ 8 1 3002 ~ SW 00Y-OT1°XVW Sdd9 A82*LiN0 ¥3ATIOY T L3F*110A A-Tev1HL
ot T 0 0 2-9 8¢ /7 0 M H 9 ¢ 8 1 3002 SW OD7-0T*XVW Sdd9 ABZLIND ¥3ATYQET L3r°TI0A A-Cey1Hl ™~
9 SILUN “1M T UMJ=T350 3731VY HOTA MO1 X G T A 1S 2§ 0 1 9 S ¥ J 3ivy 1INA HOTH WION MDT  NOTrvIO7 OGNV 3WVN 3000777
N 90 ¥IAX WIAX dIN D W0 SIONVY X / / / /S 3 d ¥ 1 1./ 33 MO S3IONVY __AN3W3¥NSYIN ~ar
H  $3ONIY3I43IY ASO ¥ 03¥3F “¥3GX X V 4 J HW W 0 9 8 S S S v 03343 ISELENCH
o} 19 $3)-10¥LINOD ONV_ALINIGVLS

596148 Y38W3AON

[44

Y3AWNN F9Vd

IXvi 3INIT3SvE
€86%—6SYN WIGWNN LIVILNOD

(p,3u02) 6-9°¢ °TqB]



(VI)5-108

0 0 6% Ss H 281 31 sS val $31dN0Z AIINVIVENN X-068 THL
0 0  S-% SS H 428131 SS val TTAATYYIAD SNVAELeXY X-€68THLT T
S Ss 0¢ € P TS SWHA L1 € ONB°QWD 3TLLUUML NVW LI0A A-ZSBIHL
T o 0 6% SS T 3zgtl 3l ss 7 vel  S9V-°MS 12313S 3IINVAIND X-1291HL
) 0 S-% 33 H de8g131 SS vel (123¥10)V3S ANDD LIV MVA X-029THL
ST 0 0 &% SS H 48131 —  ss vl (1234101735 NOD 11V HILId X-6T191HL
T T T Y 0 5-% SS H degt13at1r — ss 7 V81l (123¥I0)713S INOD L1V 1708 X-BT19THL
0 0 &% SS H da289131 SS V81 103STAd113S INOD 1LV MVA X-2T191HI ~ ~
T T T 0 0 S-% SS TTTTTTH Ta ey i3y T Tss ) vaL(U35INd)13S INOD 11V HILId X-9191H4
o TTTTTT 0T T 0T e Ss THWeZe13 1 T ss T vel (03SINd)TAS LINOD LIV 170¥ X~-G19THIL
0 0  S-9% SS H 4289131 SS VE1 (070K L[Lv)133735 3a0W $9§ x-609THL
T T T 0 ©-% SS ’ H dezeat13tl ~7ss 7T e (D1NY) 123735 3GOW SIS X-BOGTHL
T o 0 0 s-% Ss H deeatat ss 777 war ° T 12373 GNVEAVIO0 X-€09THL
0 0 Z-% SS 8¢ 0 H 28131 SS J0A 8¢ 0 JOT983A0 d0LS OSN3 X-i9GTH1  ~
ot T PR 32 5°¢+ 5°€- v TTT T T T T T T D7 SWEA SCE+ . G6tg— (I¥e*) 9IS vo¥ 110¥ LTI0A A-66%THL
) TS 22 G°€+ 6'¢- v T 32 SWYA G'ge G €~ (INB*)OIS VOU HILIJ LIDA A-86%THL
- = - 32 S°€E+ S°t- V 32 SWuA G°E+ G*E— (IONB*) OIS vOd MVA L1ICA A=i6%THL o
o [ 0 2-¢ Ss e - T 77 ss 2aA 9- ATddNS J0A9- LICA A-b6%THL
T T 0 0 z-z SsS M TTTTTTTTSS 20A T ee o A1ddNS 20A9+ LI0A A-€6%THL
0 0 I-% SS M SS QA Y- A1ddNS J0A%—- LION A<26%1H1
T T T T o Ty 1= 32 G°E+ Goe- T3 2 0 8 HOU 2 22 SWYA G°€+ | G*E- (INB°) OIS 9¥ 1I0ULIDA A-€9%THL
T T 0 0 1-2 JZ 6°€+ 5-E~ T 4 2 8 8 HOT 92 SWEA S°€+ G- (I%8°) 915 9Y HILIA*1T0A A-29%1HL
) 0 1-Z 3T G°E+ G°E- 7 d ¢ 88 HOT ¢ D32 SW3A S g+ G°€~  (I%8°) SIS O MYAYLI0A A-T9%THL
"9 T TS3UION T *IM  ¥Md- 390 0 31V HOTH MOT X G T M 18§797S70 179 S8 3 Jivy LINA HOIK WHON MO NDILV201 ONY 3WVWN 3007
N__ . ¥0 ¥)aX ¥IOX JIN 3 ¥0  SIONVY X / / / /S D d ¥ 1.1/ 33 ¥0 SIONVY INIWIYNSY IW a1
W S3IN3Y33IY ASO v 0344 ¥J0X X V 4 JHN WO 98 S S S v bD3ud 1S3¥IINT
2 19 $39-103INCD ONY ALIVIBV LS

S961'8 Y3IUWIAUN
€2 Y¥IGWNN 39vd

(P,3u00) 6-9°G STqB]

IXVL 3N1T3Sve
€8649=6SYN ¥IEWNN LIVIINOD



(VI)5--109

- -- - 2.8 Vet Ve L INd vivQ YNIING W/L SONd  98TETL
,| -— == - H 42 88H_____vgL _ _  vai i SONd WO¥d IHd VLI30-  €81€lL
I H ¥Z2898H w8l Vel SONd WOY¥d JHd v1130+  281€ll
-— -=- - H ¥Z288H vel V8Ll _ _____ SONd WO¥3 VWAVD VLII0-_ 18I1€IL
L == ———— 28 val vey SONd WOud VWWYO VLI13U+  08IEIL
o - -- - 28 . val vel SONd WG¥d VI3HL V1130-  6L1€1L
— - - 2 9 ve i veL . _S9Nd WOYd4 VLIIHL VIT13U+  BI1€1L
. == e = 28 Vel vel 0¥3Z NUd  LL1€11
) o - - - L 29 . v VEL 3ON3Y333IN gW3L WI0TH  9LTELL
-~ - - Z 8 vel ve,y ¥I01D VSV SLT€lL
. B _ 28 _ _ 379NV IVINIWIEINT HILId  ELT€1L
L L -— e= = e 3TNV TVENJW 4ONT 77108 2L1€14
— e - 2 9 e 379NV TVINZWJYINI MVA  Tr1flL
. S . A $10 0L ¥¥3 LIV 1708 LI0A A-891€1L
e Y - SIU Ol ¥¥3 11V HOild LT0A A-291cld
- -- = v o . .S10 01 ¥W3 1LV MVA LIDA A-99TE€IL _
o -— - - 92+ 92- v _ SW¥A 92+ 9Z- D%A*WVO SOO410L dS1Q LIOA A-961€11
] e e = 92+ 92— v _ o SWIA 92+ 9Z- NG WVO NIS4101 dSIQ LI0A A-SGTEIL
-- - - 92+ 92- v SWIA 92+ 92- IM8°134¢ SOD2‘L0L dS1Q LI0A A-HSTIEIL
R 92+ 92-_ v SWYA 92+ 9Z- IWB°*138 NIS*10L dSI1Q LI1OA A-£G6T€11L
ee e - 9g+_ 92- ¥V SHuA 92+ 92- I%8°dIV SND*10L dS1C LIOA A-2STEIlL
— —- - 92+ 92- ¥ SWYA 92+ _.92=.2%8°d1v NIS*10L dS10 LI0A A-15T€11
e e - T 2 ALID0T3A V113G 7-/+ LIDA A-BETETL
; L em == - . A ALIJ0713A v1130 A-/+ LA A-L€1€11
— e - 28  sos velL . __GCd4oM TvLISIC 100014
"9 TTs3aLon TTYIW WMd- 390 9 3ivd HOTH MOV X G T M 15 3 S @1 9§ @73 31vy LIND HOIH WuON MD? NO11VI07 OGNV 3WVN 3009
N ¥0 _¥JOX_¥IAX dIN D 40 S3IONVY X / / / /S d 4 W11 /D3I ¥O SIONVY IN3IWIUNSYIR a1
H S3INIWIJIY ASOTV 0384 WIGX X vV 4 9 HW W D96 §°s SV 03ud 1S3Y3IINT
) 19 SOV-T0AINDD GNV ALTIIAVLS L R )
G961°8 ¥IBWIAON IXvl 3NTT3Sve
o #Z  ¥38WNN 39Vvd e ) B £86%-6SYN WIHWNN L1IVHINND
(p,3u0d) ¢=g-¢ a1qey

4



(vi)s5-110

S961'8 ¥IUW3AON
$2 _438WNN 39vd

——— o 7 9 o QUWS SIXV 7 ¥SY  SH€€lL ~
T o 7 8 GuWS SIXV A VSY ~ wagell
— - 7 @ GOWS SIXV X vSV  €v€ell
- - = Z 9 TINN ¥0W¥3 FJONLTLLV 7109 Zveelis” ~ ~
- T - o ze l T T O9AHN Y0¥EI LAV HOLIdT Tweely
j— — - Z 8 NN ¥0YY3 AANLTLLIV MVA Ooveely "
T T T = =-= = Z 8 TTTTAL13013AVLI30 X7+ 10A A-TIEET S
: - -~ = - SS H 3 T3IT1TS 33 " T(AGONVLS) 300W SOV X=90€€1i
-— == = SS H o T3ITS SS “TdNWYVM) 300W SOV X~50€€ll
T €1 0 2-9 T s 88HTS val T T TTTTT T T wSvedWal 1-10€€1L T
- e P R M TTTTTTTTT T T UUTRTvE JaoW 1531 vav o zezelt”
0 0 1-7 M 1V3 A1ddNS B3MOd SOV A-T12Z€T1
e 5 T M - YT e T T TTTUTTITTTTTTTTTYSY ToaA z-~A-e12€1 L
Tt 0 0 i-+ M T T AgA T T e T OTTTTTTT T ysv 20A v+ A-BlZElL
, 0 0 2-¢ M JGA 9 VYSY 3GA 94 A<p1zel T
e e W T TG0 T e T YSY J0A 21- A~91ZElL
"o "o ek T WO T T oah 21 o VSV J0A 21+ A-GTZF
0 o 2Z-2 M 3GA F{3 T VSYTI0A 2€4 A~v12E1L
e e e v T T o T B - A¥19SI0 OL I3A 1V LI0A A-SOZETL
. Petanhit v : T T AVIdSIO D1 34iV¥ 17V LIOA A-%02€ll
PO v T Av1eSTd 01 1°v L10A ATeGeert
. T T oo - a T D Tt AV1dS1Q 0L A v1i330- 170A A~Z202€11L
Tt T T T T o T e a e -0 T T AVIdSI0 0L A VL130+ LIUA A~102€11
- — = = Z 8 Vel vel TR T T w099 w2oT T sgr1Ery T T
9 SILON  *1M ¥Md- 390 3 3Lv¥ HOTH MOT X G T M 35 2 S 0 1 9§ ¥ 2 31v¥ LTNN HOIH WeON MO NOTLVICT UNYV 3WVN . 3009
N 40 dOAX_M¥IUX_dIN D WO _ SHONVY._ X_/ /. / /S D 4 ¥ 1. 1 /33 _¥O ___ SIONVY IN3WIANSY W at
H  $3IINI¥IJIY ASO v D3¥4  ¥IGX X ¥ 4 I HW W 09 6§ S § S v 03ud 1SIYTINT
b} ) SOV-104LINQD_ONV_ALII19VIS .

T1xv1l 3anN113sva
€B5H-6SYN YIAWNN 1 IVHINQD

(P,3u0d) ¢-9° G 3TqBy



(Vi)s5-111

. =~ == = SS _ .0 ... SS J¥NSOTI LIV INGD M VgL YT1S09 X-%€0%1L
-— -- - SS 22 o . sS IYNSOID LOVINDD M INDY 934 3H SIu dd €1SU9 X-€€0%1L
-~ -= - 3 22 1 . SS 3WNS0IT LIVINOD M INOV 93Y 3H SO¥ dd 21SA9 X-Z€0H1L
. === = sS pp) 1 i __ S5 3¥NSOTD 1OVINGD M 1vd 13r vIi_$2¥ TI1SQ9 X-1€0%71
-— - = SS B)] 1 _SS 3YNS0TD 1DVINDD M 43y TWNYILNI 94N 01SQ9 X-0€0471
- - - Ss e s U sS 3y¥AS0TI L1IVINDD M ONINJVM 2971 9+N 6509 X-620%711
e 0 0 _49=% SS 22 1.1s 4 Z9 31 ss YNS0II LIVINDD M (8S09) VIVI ddNS dMd SOV _X-820%TL__
0 0 Y-% SS 22 T H 291 31 SS 3dNS01I 1DVINDD MILS09)1IVd dNS ¥Md 20 S3D X-220%7L
0 0 4% SS 22 1w 28131 SS 3YNSUTD LIVINGD MI9SQ9)TIVI dNS dMd IV $3D X-920411
-~ == = SS JJ 1 eSS 3ANSOTI LIVINDD .. vel §S09 X-620%11
- - - Ss 22 1 SS 3¥NSCTD LIVINDD M INVAL d0dd IS3IA MO %SQ9 X-420%1L
- - - SS 29 1 SS 3¥NSO1D LIJVINOD M Td4W LN0D 93¥ 3IH $3ud €509 X-€20%71L
L me == = sS 22 1 _SS ___3¥NSDTD LDVINOD M _SS3¥d MO LNIISV (Z2S09) X-220%71
- - - sS 22 1 SS NS0T LIVINDD val (1S09) X-120%71
- - - SS ~ Z 8 SS SIS WI1 2%%201 ILWDId LIOA A-108271L
- == - IS ¥z 82€ d 1 L AWIL NV3W _HIIMWIIYO'AWIL M-105011
== o ___H ¥ 2 8z€ dol i ET Y NVIW HOIMWIJHO*3WIL M-10501L
o B - - - ~ . . ...1S et d1 X3 0¥37 1Iv 93d Indin0 11901l
- -- - $S 1 0 H a2 § 8 HOT SS J0A _6SL° S2°  14L° . .0H 129 ST 911v)  -20%014
= - ss_ 1 0 1S 328 8BHT _ SS J0A 6SL° S2° I4L° IH 13d ST 817vD  20%01L
= == - §S_ S 0 H 42 88 HOL _ SS J0A 92°% GZ°% %2°% W 13d 58 817vD  -10%074
-— == - SS & 0 1S 42 88 H T SS _JAA  92°% SZ°% HZ°4 T4 19d 68 9ITvD 109011
L . - - = lsded8d1_ i L L_ . QI ivW¥0d  Z20€0Ti
o - -- - H ¥ 2 82¢ d0S . _____GI % HONAS 3WV¥4 -00£0
-— - - 1S ¥ 2 92€ 4 1 Gl 4+ HINAS 3Wvidd  00€011
"9 T SIION “IM uMd- 390G D JIvY HOIH MD1 X 0 1 M 1S 2S 0 L 9 S ¥ 3 3J1vH LiNN HITH WMON MO NOTLV307 GNV 3WVN 3003
N d¥0_  ___¥dGX ¥3AX dIN I ¥0 S3IONVY X / / / /S I 4 M1 1 /3D ¥O ____ SIONVY INIWIANSYIW al
H  S3INIYIJIY ASO v D3¥d ¥3OX X V 3 DHW W 09 85 S SV 0343 LSIYTUINT
2 ] NOILVINIWNYLSNI

S961°8 ¥IGWIAON

9Z

Y3IBWNN 39Vd

IXVL 3IN1T3Sve
€864%-6SYN YIEWNN 1IVYLINOD

(P,3u0d) 6~g*¢ aTqmy




(vi)s-112

OTZO

_— e - s 23 3 Ss 3HNSGTI LIVINGD
— e - ss ) 1 Ss 2WNSLID 1IVINGD

— - - SS J) 1 I AWNS0T1D 1IVINDD

—— e - ss T3 TTTRYTTTT O] sy JNS0OT) 1OV INGD

— - - SS 29 1 Toss 33NS0TD L1IVINDD

- -- - §S E)) 10N 2871 41 S SUNSUID 1OV INGD

- - =TT sy T oy TR Y 2WNSOTD 1IVINOD

_— - - ss 2 1 S$ 3YNSOTI 1OV INDD

— - - Ss 22 T SS 33050719 LIV INDD

— - - SS 2 B N T ss FNS0TD 1OV INGD

— e - s 2 3 ss 34NSGID LIVINGD

— e - $S 22 1 Ss 3YNSDI3 12V INDD

B Y 2) 7 ) N 3UNSOTII 1IVINGD

_— - - ss 20 1 Ss INSOTD LOVINDD

_— - - sS 27 3 ss 3WNSOTD 13V INDD

—— e - NS i R Toss FNSCTD LIV INOD

— - - ss b)) 1 SS JWNSOTI 1IVINGD

— e - ss 13 1 ss 3¥NSOTI LIVANDD

— - - N bh] 1 SS F4NSOTD 1DV INDD

— e - S S5] 3] $s 3dNSOTD LIVINDD

_— - - s 37 3 SS FuNSOTY 1IVINDD

— - - $S 27 1 ’ ss 3¥NS0TI LIV INDD

_— e - $S 37 1 Ss JWNSOTY LIVINDD

— - - sS 20 1 Ss IYNSOTI 1IVINDD

— e - 5S o 1 Ss 3340SCIY 1IVINGD

S3LON *IM  dMd- 390 9 31Vd HOTH MUT X 0 T ™M 1S 23S Q0 1 9 S ¥ D FLVY LINN HOIH WEON MO1

¥0 ¥IOX 420X oaIN D %O S3IONVE X / / / /S D dd1 1 /DD 40 SIONVY
PEBLEEREEE] ASO v Ud¥s ¥3ax X V4 IJHWWO9 9SS S v 03ud LSIYTINI
19 NGILVINIWNYLISNI

$961¢8 YIWWIAADN
¢ d4IRWAN 39vd

(P.3u02) $-9°¢6 aTq®E]

J NYAD OZH JSV-530

J NOILMVD 03AT9

3 S3dd wNIIV 20 SI4

2 NILINYD
)
2

S$23
vel

valL

2 NOILINVD ¥31VaH

J NOTILNYD

J
2

SOy
vHlL
vol
val
vel
Vel

vdl

J NOILNVD) SN9d

J
B
J NVNL 4044 MON
3 QW 1NN d IH
M

M yvavy

val
val
a8y
ISy
vel

901

M ON VvivQ Nvavy ZONY

M ONINDYMW NV 3/LINS

M ONINYVM NIGVD

M

NO11vI07 ANV JWVN

val

INIW 3UNSY A

6€£509
BES Q9
LESU9
9€SQ9
$€SQ9
%¢SQ9
£eESa9
Zesu9
1esu9
0esu9
62ZS U9
82S (9
L2549
92S09
62sS Qa9
%2509
€2s a9
22539
1Zs a9
02sn9
6TSU9
81SG9
L1SUS
91sU9

S1S3U9

IXvi 3INIT4Svd
£86%-6SYN U3AWNN LOVILNQGD

X=-660%11
X-86G6%11L
X-LG0%1
X-950%11
X=-660%11
X=HG0H1L
X-€£S0%71
X=S04%TL
X=160%11
X-060%71
X-6%0%11
X=84%04%71
X=L%0%71L
X=940%71
X=G%0%71
X=9%0%74
X-€404%71L
X=¢b0%L
X=-1%0%1L
X=0%0%11
X=-6£0%11
X-8¢04%1
X~-Le0%1
X-9¢u%L
X-9e0%1

3402
al



(v1)5-113

- - = S 3 35S 81 9d 33N11vd VoIl N=B0G611
CoT T -— - - ssT 7T o i o SS V1 ¥d 3¥NT1vd VIL N-20667T
T = - =1 - TTgg TTTTTITTTTTy TS T ss T ) 82 ¥ud 3¥NTIva VI A<9056TL
oI T 33 3 - $3 VZ dd 3dnNT11V3 VIL N-G0G6711
— = - sS T3 T ss ) 8¢ ¥d 3¥NTIV3 VIl N-%06611
—— - - $s g o ©ooss VE d¥d IWNTIVI VIl N~€0S611
LTIt I 55 T 3 : §s T T 8% dd JYNTIVY vIL A-20S6711
e I 1 - I I Toss T 77T Tvh dd 3un1va v n-1056114
— - - o T 1oy val Sd3  X9¢ 9€ 1NdIN0 35S0 Sv18 v3SA Dd3dd 4-202%74
Sl oI INE Tv R DT L T €° 1NdIND OH INOW V350 B333 3-102%71
- e- - Ss s= 0 . ra| SS A 600°S- G- G66°H%~ A I3¥ NI ANVI IM+D 1I0A A-4T11%7L
- - - ss 6- "o 7 Z 9 SS A S00°S- G- G66°%- € A 343d NI NuM 3M+D LT0A A-€T14%1L
=~ -- =t SS &- . 0 28 77T 8S ATTS00°%- G- 666°%~"2 ATI3¥ NI NuM IM+D 1I0A A-ZTT47L
-— -—- - Ts8s ¢- o T T zo9 SS A 500°G6= G- G664~ T A 438 NI N¥M 3M+D LI0A A-TT1%1L
— e - T TT¥g T T I B | 281 31 14 0l WYVIV d43LSVYW 3M+) X-690%11
i -— === SS k) 3 T . Tss 3YNSOTI LIV INOD 3 VEL 0%SA9 X=090%11
9 SILON “iM  yMd- 490 D FLIVY HIIH MOTXTG T M 1S DS U L 9 S 3D 3lvd LINN HOIH WAION MDY NOTLYI071 OGNV 3WVN 3009
N 40 ¥IaX WIGX JIN D ¥0  S3IONVY X / / / /S I ddl 1 /DI O S39NVY INZWDENSY IW al
H  $3INFu34Iy ASC Y DIYd  ¥IAX X VI IHW W 09 8 S S SV 0lud 193¥3INT
5 ) NOILVINIWNYLSNI

96148 ¥38WIACN

8¢

YIGWNN 3IOVd

(B,3u03) §-9°¢ 8TqEL

IXxvli dNIT3SvE

F86Y-6SYN YIAWNN LIVYINOD



C e eamaam e . .o T == hod §SS__8¢ a c 4 SS  3aA 12 s2 G

JAA S22+ 4T LTUA A-CTLGUINL

(VI)5-11k

- - - SS 0 gz- Z 9 0SS JaA o sz- 12- J0A $2- ¥ LI0A A-TLSINL
- - - SS9+ 1- Z 4 SS  2aA 9+ 1- 50 3LVIS NIV 41 LIOA A-OLGINL
- == - SS9+ 1= 29 SS_ Ia0A_ 9+ - €Q 31V1S NIVO ¥ LTUA A-696INL
- - - SS9+ 1- 28 SS 2QA 9+ 1- ZG 3LVLS NIV ¥7 LI0A A-595INL
- - - SS9+  1- Z 4 §S  J0A 9+ 1- TG 3IVIS NIVO 41 LI0A A-L96INL
i -——  —— g% ss 32 JH 281315 SS ___ 3uNS01D 1IVINDD NOTLNYD 831VAH 37 X-296INL
T ) s 79 MH 3281 31S ss NSO LIVINDGD 0009 ON VIVO*13IA ¥1 X-1GSINY
- - - \ . M INDUMd JY dAIWX 1V ¥ AMd 3-9%G NI
e e o - ee - v = e MW _ LN0YAMd ¥ WIWX 1IA ¥ uMd I-GHGLNL
- - - SS 0% 0 Z 9 SS 20A 6€ V8L L1 ¥049vd 3TVIS MO1 ¥7 LIUA X-0%GINL
- - - 01 0 1 v _WZe€ J0A o1 ¢ v 1 INd1NG ¥3ILNNGD ¥7 LICA A-L€SLNL
_ - e- - 01__ o0 B v WZ'€ JUA _OT__L__ % _ O LNdIPD ¥4INNOD ¥ LIUA A=9€GINL
-— - - o1 o i 1 v _ WZe€ 20A Ol & % QWD LNOUVIM INNOD ¥ LTUA A-SEGLNL
. -— - - ol o ) ) 1w . MZeg 20A Ol ¢ v 390¥1S 13579 o1 LIUA A-H€GINI
- == - 1V vel OWD SOd_INV 297 d1 LIOA A-£€GINL
- - - o WZ*€ 20A 01 2 390¥1S ILVO VZA 31 LVOA A-ZESINL
- - - ot o %2°€ 2GA O1 L 380¥LS 31V VAA ¥1 LIOA A-TESLNL
- - - 01 0 R ¥2°€ J0A_ 0T L 4 _ . 390¥LS IIVI VXA_¥I LIOA A-OESLNL
T - o1 o0 __ . _ . _ 1¢¥ _ d2°€ 20A 01 ¢ ¥ 3404LS 31vO JINVY 3T LIOA A-62SINL
. - T .0 __ . . : 1434 (dS10) VivVG 3ONVY ¥1 SOd H-L2SINL
- -— - v S/id vel e 2 .J3A _VZA ¥ 3A 0-82SUANL
. T R S B S/1d Vel 13A VAWA ¥ VIA T-92SINL
S St - Y « W o S/14 vel {31vY LIV)13A YXeA ¥1 13A 1-FZSINL
0 0 €-4 sS 29 M H 28131 SS_ __3¥NS0TD LIVINDD Q009 _ON_ViIVQ 3IONVY ¥Y X-T2SINL
79 7 s3iON T YIM  dMd- 390 D 31V¥ HOIH MOT X 0 1M 1S 2 S G L 9 S ¥ 5 31vd LINN HOIH WION MO NDILVIOT ONV 3WVN 3009
N ¥o ¥I0X ¥IAX_JIN_ D ¥D  SIONVM_ X _/ / / /SId ¥ T 1./ 232 ¥0O SIONVY INIWIYNSY W at
H  SIINF¥I4TY ASG v 0343 HIGX X V 4 JHWN W O 9 6 S S S v 534 £S3IHIUNT
2 19 . _ __s¥vavy . o
G961°8 WIBWIAON SCINEDIRERR T

e ... B2 M3BWNN 39Vd

€864=-6SYN u3IBWNN LIVYINOD

(P,3uod) ¢-9°¢ aT1q®l



(VI)5-115

SILON
qu
SIINIHAH Iy

cimM
420X

dMd -
¥I0X 4d

- SS

IN 2 ¥0

ASO v 03¥4

i

596148 d444wIADN

Ot

dIBWNN FLVd

2

¥4 0

390 2 Jivd HOIH

SIONVY
420x

MO X 0 7 M8 D
X/ /4 /S D
X V4 3 Hw W

it
<

Z 8 SS
Z 49 SS
¢ o SS
(2] SS

Z d SS

v

ENR 2.
30
0344

a
D d
[l o
o VY D
CHANn
a0V

< OO

(P,3u02) G~9°¢ °1qey

$/930

93U

S/930

MW
M
J0A
20A
204
20A

JUA

LINA HOIH WYON M0

ot+

0L+

0T+

GGT+

Le

vel

L'AN

Vgl

vyl

vel

Vel

val

Vel

Vel

VEi

vel

vel

vel

vel

Vel

se

SALNVY
1$3841N]

v6L1 (GOW SNVEL) 3J9NVH 43  Sud
01— 31vx 479NV NNsL ¥¥ 1Lvy
GL= X1 379VV NUINNNBL WY S0d
0T- 31vy 379NV L1dVHS MNa I1vd
oL~ XT 319NV 14VHS ¥ SOd
¥1dD S3Ll NYdl 1A 31 O34

T ¥1dY S3L NVdL L1V §1 03ud
930 06 3TONV LV dd LI0A

930 06 319NV LV €C L7T0A

930G 06 29NV 1V 20 L10A

93¢ 06 379NV 1V 1G LIUA

030 0 279NV 1V ¥4 11I0A

©30 C 3ITUNV LV EG LT0A

930 0 IT9NY 1V 20 LIUA

930 € AM9NV LV 10 L1710A

SIS MNVIE AVEL v ¥ Y34
1831 3715 ¥ 034

TONANDD I02W )

lAgdMd 3% HiIWX LIv ¥ umd
INCY¥Md J¥ ¥lwX T3A Y1 uMd

ONT 2 1I50d WNNIINY u1

GNI T LISOd UNNIINY ¥)

b= J0A 2= &1 17UA
0 JUA %+ 31 1I0A
0 €3SS) JUA S2+ %1 LTUA

NOTLVIOT UNY JRUN
INIWZANSV I

IXvl 3INET3SVE
t86%-6SVYN dIGWNAN LIVIINQOD

H-¢€ 1GINY
d=-219AN1
H=TT19NL
H=-0T9LNL
H=6U0%IN1L
3-R6CINL
d=-L6GLINY
A=96GINL
A-GEGINL
A-%6GINL
A-t6CINL
A=2oSINL
A-T6GLNL
A=06GLINL
A=¢RGINL
4=9RCINL
3-G8CINL
X=-YRGINY
3-¢8CINL
3-28GLINL
X~=LLGINL
X=9LGINL
A=GlalNg
A=-%LG9EINL
A=CLCINY

3002
ul



- - - SS 0ST+0S1- Z 9 SS  J0AW 081+ O 06T~ (NNUL)INALIND WLV dd LIOA A-SHY9LINL

(VI)s5-116

- - - 0ST+061- v TOGAW 0ST+ 0 0ST- (NMYL)INAIND WLV ¥d LT0A A-H99ANJ ’
= - = v T T T T 7T INGLIND ¥aAM0d 4¥ WY ¥Md 3-Z99INL
- - - 82 0 Z 8 SWYA 82 0 NIS $3d X91 LJVHS ¥g L10A A-6€9INL
T T -— - - 82 o0 Z 8 T SWY¥A 82 T 0 3INIS S3¥ XOT NNYL ¥y LI0A A-BE9LN]
T - = = T e T TohanT T T VEL 291 NI MS 3JA0W'NO ¥Md MY X-LEYLINL
- - - Z 8 J0A Vel ¥012vd 31vIS MO 3ONVY dd X-9€94N1™
T T T T oI L 31 7 T TR 74 e THOt 31 s/930 T 219NV NOINNNYL HH631vd H-%E9UNL
- T - - - 21 T T TTTTTTTw Tz e'gwor T a1 s7930, T T 31v¥ 3IONY L3VHS #¥f31vY ¥-ZE9LNL
- - - 82 0 Z 9 5N 12 62 0 NIVHI 1WNW JGA 62 oY L10A A-TE9INL )
e - T 2 T T ze 77 ss oan 1z s o J0A 62+ ¥¥ LI0A A-OE9INL
-~ =TI ss T eU T T T Tz T ss AaM w1 T2zl o J0A Z1+ ¥d LIOA A-6Z9LINL
-— - < 0T o0 1 v %Z°€ 20A 01 ¢ T T TUVIVO W Te ¥y LI0A AZEZ9INL
B Y 5 S B JE- 2 PR vy St ) v VLIVU 40438 LI0A A-LZ9UNL
i . T T T ot o T T T v T T T T wzee oA 0T 2 L GWD LNOAV3IY ¥ILNNDD Y X-9Z9LINL
- - - ot 0 TV X2°€ J2GA 01 I Y T 390¥1S 13S3% ¥y LI0A A-GZ9UINL
- == = 77T 7701t 07T TH 4 iTve M SS “J0A o1 & % 349034S 3Lvy¥ ISNVY dd LIOA A-4Z9LNL
-— - =7 o1 o T T v ¥2*€ 30A o1 ¢ v 390¥LS IONVY ¥¥ LA A-£29INL
e o o 0 €% SS R MH Wezeo131 TTSS T 3wns079 1OVINOD' QOUS ON VIVG d¥ X-1Z9LNL
- - - 33 CoTT z 9 T SS JGA 0 21-  H1- 20A 21~ ¥¥ LIGA A-0292NL
-— - = 7 ss T z 4 T ss 20A 8 9 o JaA 9+ ¥¥ LIOA A-6T192N1
T =T <= SS 28 SS 3aA 9 4 0 J0A %+ WY LI0A A-819LNL
- - - " a - 1334 GOW d4UNS d4%d JINVA ¥y SOd H-9T9INL
-— - - T 29 ) I0A Vel 379YNI ¥Ivdl ONV OLNV ¥y X-GT9INL
- T T = SITT- - « 0T - S/1d vel  (4¥d) 3Lvd 3FONVY ¥y 13A 1-%T192NL
9 SILON “LM  ¥Md- 390 ) 31VY HIIH MOT X ¢ T M 1S 2S A L 9 S % 3 divd LIND HOIH WAON MO NOTLY071 GNY JWuN 300D
N ¥0 430X 43GX dIN 2 Y0 SIONVY X / / / /S D d¥ I I /3D w0 } SIAONYY INIWIHNSY 4m ul
H  $3IONIWIATy ASO V 03¥3  HIOX X V 4 D HW W 09 8 S S S v Uiy 1S3UTINI
I I N N e Syvovy _ i
$961%8 438WIAON IXVL 3INITSVE
1¢  d39WAN 39Vd £Y964-6SYN aJBWAN LIVHINDD

(p.,3u0d) 6-9°G a1qmy



(VI)5-117

915 1dNI(¥0Yd3 LJVHS) 3ADY

91S iNdN] 1S3L OuA9

2006NIr

T 1006NF

- - - gz 0 24 SWYA 82 0 S0D S3d X9T L4VHS Hd LI0A A-669LNL
- -~ T = gz 0 P SWuA 8¢ TT0T T S09°S3% XST NN¥L ¥ LI0A A-B69INL
0 0 “€-v " "§s 77 B 2 H 28T 315%™ ss 77 3uNS0N) 1OVINOD NOILNYD d3LVIH 88 X-269INL™ 777
— T i —z8 - T V0L  Y3ZIS3IHINAS*43¥ Wy 03¥3 I-969INL
- - = Z 9 Vel 4ud I9NVY ¥d SOd H—%69IN1
0 0 s-% §§ ’ H 241U 31s7 7ss ~ 33NSOTID LIVINDD 297 NI MS 135S 30DW ¥¥ X-€69INL
0 o s-%  ss 7 - H 281731 s T sST 7733ns012 1DVINOD 01NV NI NS 135S 300W ¥d X-269LNL —~ ~
A -— = = Ge O Z 9 SWYA 0t 82 O 434 SdJ 00%/008 dd¥ 110A A-989INL
-— e . T T T o TreT T T T - Vel NOILVIIOX3 JHA 3¥ 0Idd 3-SB9INL
e TITTTSETET O T T W Tz @ HTT TZTSST 20A 0°6 TSZ 0 0 T SVIS J0A §°Z+ a¥tLI0A A=5B9INL T
— — - = Z a Vel TON INOL ¥Y 03¥3 J-€89INL1~
—_— e T T zZ 4 - ) vel - 20N 3INOL ¥4 03y¥d 4-289¢N1
— = I T T s z 9 -} vel €ON 3NOL ¥¥ 0333 I-189ZNL
e == = = 0Z O Z 8 SWEA L1 *© G1 0 HdZ ¥Md IV WYA G1 99 L110A A-9GOLINL
T ™ 02 0 T T TTTTTITZ e T T T TTTTSWHA LU ST T 0 T THAT YMd OV WYATST Wd LI0A A=GG9INL T T
— LI L T TTTTTTTTITTTT T T e g T T O T N - T 7T 7 1ndiN0D ¥Md d4¥ ¥Y HMd 3-%69INL T
- - - 8¢ O Z 8 SWYA §¢ 0 S0D B0 I0W NAHL ¥d 110A A-€G9INL
- TS §2 O P2 TSWYA 82 0" 7 S0) ¥0LOW L4VHS WY TI0A A=ZE9INL T ~
--  ITT= 8Z O T TZe SWYA 82 0 7 3INIS UDIOW NNEL WY IV0A A-0S9INL
- - = 82 0 Z 8 SWiA 82 0 NIS YOlOW 13VHS &8 L10A A-69%9LNL
TTTTes TS [ 0 v 230A 21~ [} (29v) INAINO WiV 39 1TOA A=8%9LNI
TR T SS €+ E- Z 8 $S DJaA €+ 0  €- (I4VHSYINdIND Wiv 99 170A A-Z%9ZNL -
- = = €+ €- v 30A €+ O €= (1JVHS)INGLINO WLV ¥9 110A A—9%9INL
9 SILON *1M gMd- 390 ) J1VY HOIH MO1 X @ 1M 1S 3 S G L 9 S ¥ 3 31vd LINN HOTH WiDN MOY NOT1V301 OGNV 3AVN 3407
N 40 _¥I0X ¥WIAX dIN 9 ¥0  S3IONVY X / / / /S I d¥ 11 /3D ¥ SIONVY AININIANSYIW a1
H  S3IINIAISTY ASO vV D38d 400X X V J JHW W O9 8 S S S v D3a3d 1S39TINT
p) 1 Sy¥vavy
G961°8 ¥IGW3IAON IXVL 3NT135ve
Z€ Y¥3IAWNN _39vd £865—6SYN YIBWNN 1IVYINDD

(P,3u0d) ¢-9°G aTqe]

4



(VI)5-118

z o

H

(8]

S3I 10N
20
S3IONIY3d3y

$O6T*E ¥IWIAON

|33

*iM dMd= 390 D Tlvy HIIH MO X 4 1

320X ¥30X 4IN J &0 S3ONVY X / /
ASO Vv Ol¥3g 420X X v 4
P ]

YIGWNAN F9Vd

e e

M IS DS Q4L 9S YD ILVYE LIND

//S2d¥1 1/ 392 ¥

JHW WO 9 €SS S Vv o3us
sdvavy

(P,3u0d) G-9°G 9TqB[

LNeNT dAJ¥ 431311V
LNANT €0N 3A2Y AL12073A
LNGNT ZON dAJd ALID0T3A
1NANT TON dA2d AL12073A
91S 1dNI T3NNVHD NOINNNol
91S LINdNT TINNVHD WNS

9IS LNANT TINNVHD L3VHS

9IS LNANT{¥04¥I NN3L) 9A DN

SIS LNANIIWNS ) ¥ADY

HIIH WYON MDA
SIONVY
1S3¥3IN]

NOTLVIDY ONV IWVN
INIWIANSYIW

IXvL 3NI13SVE
£864%-6SYN 4IAWAN LIVSLINDD

TT06NF
0TO6NP
6006NI
8006NI
LOOBNP
9006NT
SOOSNT
Y005NT
€006Nr

3002
a1



(Vi)5-119

Gz* 82° - SS 061 0 1 428 8BHIS SS VISd 121 011 06 HIUWYHI 1SNAHL*SSIUd d-0102d1
. .. 6662d1_ €0°2 0 - ss _._22 s SS  3¥NSOID _IIVINOD _ _ __N3dO 8 AIA d0¥dI8 X-9081dL
666241  €0°7_ 0O - SS__ 22 x SS 3¥NS0TI _IIVINOD ~ N3JO_V AIA d0¥d18 X-508ldl
6662dl  €0°7 0O - SS 22 2 SsS 34NS01D 1IVINGD N340 8 ATA 10ST X-208TdL
o 6662dL  €0°2_© - ss 23 * sS 340S01D 1IVINGD N3d0 ¥V ATA 1051 X-1081dl
. §Z° _B2° 1-% 13061 062 0O L 1 v 2051 VISe 052 691 0S__ _L3WNI A1A_N0S1 X0 SS3¥d d-€0STdL .
G2 82° 1-% SS_ 0520 1S 4288 HTS SS VISd 062 G91 _ 06 N1 3AIVA 10SI X0*SS3I¥d d-€0$1d1
e SS 05 0 M SS__VvISd 0§ 0 13INI_ATA 10S1 1304 SS3ud 4-1051dL )
. == == = 2061 00¢_ 0 v 1V 2051 VISd 062 691 06_ L3INI_AJA 10S1 13Nd SS3¥d d-10§1dL
s2° 82° 1-% SS_0S2 0 1S 42 98 HTIS SS_VISd 062 S91__0S NI 3ATVA 10SI 13N3°SS3ud d-1051dL
__06° 61* €=% _ S§ 33 21 Wz2z@gri3ts ss 3¥NS01D 13VINDD MO 13A37 NNVL XO X-80%Tdi
_91° 0 2-9 SS_001_ 0% ¥ 1S 4288 HTI SS_ 4930 001 0L OY YINE X0 INVL XO‘dW3IL L-8121dL
B 06° S1° €-% SS 22 271 ¥ez8a131s SsS ¥NSDID_ L1IVINDD MO 13A31 NNVL 1303 X-8060d4
91* 0 _ 2-9 __SS 001_0% v _ 1S d2 98 HI1_1_ S$ 4930 001 0f 0% %ing 13nd MNvL 13N3dwW3i 1-8T19d1
B €0°Z 0 =% SS 23 _ 4 H_¥Zz8T3ITS Ss 3WNSOTD LIVINGD 35079 ATA 10S 3INIT 23S 3IH X-02€£0d1
o €0°7_ 0 _%-% Ss 22 4 H Wzag13aT1s §S_ .. 3¥0S0TD 1DVINGD 3S0719_AIA 105 _INIT I¥d IH X-B1€0dL
91* 0 2-9 _ SS 002+ 00Z- Q1S ¥4z g HII SS 4930 00T ©L 0% 20N YNVL A1ddNS 3H*dW3L §-2020dl
91° 0 2-9 SS 00Z+ 00¢- O _ 1S ¥288H1I SS 3930 001 0L 0% TON YNVL A7ddNS 3H*dW3L 1-1020d1
L -- - - SS __00€ 0€Z 2 S$  VISd 00€ . ofz 0104INVW_LNO_93¥ SS3ud d-5200d1
—_— - - 201 00¢ O 1w ____ 00T vISd 062 Set o001 GI03INVW LNQ 93¥ $S3ud d-5200d1 _
gz* 82* 1-4 SS_00€_0 1S d4z98HIT1l §S visd 0sZ s61 001 GTIDJINVE LNO 934*SS3dd d-G200d)
o o szt 8z 1-% SS _000% 0 a SS _v1Sd 000¢€ 0 ZON %NV A1ddNS 3H_SS3ud d-2000dL
-- --= - 7SS 00090 M 1S dz8BHTII $S_ VISd 00GE 06Z€ 061 _ZON YNWL AVddNS 3JH!SSIud d-2000dL
-~ -- - _ S§S 00020 M o .. S5 _vISd 000€ 0 _ TON YNVL A1ddNS 3H $S3¥d d-1000dL
... _.sz* 82" 1-% SS__000% Q a 1S 4Z88HTII $S_VISd 00SE 062€ 06T 10N YNVL A1ddNS 3H'SSI¥d d-1000d1
9 S3 10N *IM  dMd- 39Q 9 JLVY HOIH MOT X @ 1 M 1873 S0 1L 9°S ¥ D Jivy LIND HOIH WHON MDD NOILVI0Y ONV 3WYN ~~ ° 3000 7
N ¥0 420X ¥30X dIN D_ ¥0  S3ONVE_ X / / / /S D dd¥ 1 1_/232 M0 ~ S3IONVY ) ANIWIAASVIN a1
K SIINIYIJIY ASO vV D3wd 420X X V d DHW W 09 9SS SV 03ud 1S3UIINI
I O | A1N3DSV-NOIS INd0Nd L L e
59618 M3GWIADN 1XvY INTI3sve
v¢  ¥IUWON 39V0 €864-6SYN ¥IAWNN 1IVILINUD

(P,3u0d) §-9°¢ aTqer



(VI)5-120

. -- =T SWI 79 Tv SW1 3¥NS0OTD 1IVINOD  HOLVWSIW ATA d0¥d18/70SI N-6662dL
T T T T I T gey e T 3y T T o T Zerat Coss 3WNS01D LIOVINOD  ¥O¥HI SIAIWA OIS/ 10ST N-6662dL
- = - 7009 0S1 0 Tv 3009 visSd 121 OI1 06 YIBNVHTY L1SNUHL SS3¥d d-01024d1
977 Te31ON T T CAM 4Md— 390 9 31V¥ HOIH MO X 0 T M 1S D S G L 9 S ¥ D 31v¥ LINN HOTH WHON MDD NO11v2071 ONV 2IWVN 3009
N W0 _ . ¥3aX ¥IAX_dIN. D W0 S3IONVY X /. /4 / /S D d ¥ 1 T /DD WO __ _  SIONVY LINIWIVNSYIW al
H SIINI¥34IY ASO vV DI¥4  ¥2AX X V 4 JHW W 09 8SSS Vv D3ug 1S3¥IINI
2 L2 _ IN3ISV-NO1S INd0Yd

696148 YIGW3AON
SE _Y38WNN_39vd

Ixvl 3INIT3Sve
€86H-6SVN dIVWNN LIVILINCI

(P,3u0d) G~9° G 3TqB]



(vI)5-121

. . 66Dl __ S0°Z O - Y 22 * S SS 3¥NS01D_IDVINOD __ _N3dU LON Q ATA F40LNHS X-91£901
6649101 _S0°7 0 - SS ) % S _SS _ 3¥NSDI3 I1OVINOD  @3S01D ICN D ATA JHOLNHS X-GTE€9DL
66%L0L  §0°Z_ 0 - SS 27 *# S ___SS__ 3¥NS01D 1DVINDD N3d0 LON 2 ATA 440LAHS X-TE€90L

865101 S0°7 O - SS 22 * S SS 3UNSOTI_LOVINDD_ _03SDTD ION & ATA HJ0LNHS X-60F90L
_86%10L_ S0°2 0 - SS 22 % . S____SS _  3d¥NnS01D 1IVINDD N3d0 LON 8 ATA J40LNHS X-80€9DL
f6vL0L __S0°1 0 - SS 32 * s __ss 3¥NS01D 1OVINDD  G3S012 LON Vv ATA 330LNHS X-20€9NL
867101  S0*2 0O - SS 22 * S SS I¥NSOTI LOVINOIY_ __ N340 0N ¥V ATA_S40LNHS X-90€9DL

.- T =SS S+ 1- .S _Ss_ 930 SI+ Sl-  LYNLJV QIivd 3AUOLXIW SUd H-10¢9dL
ETARE: I §$_ 00 Q@ 1 ¥Z28B8HTI1l __SS VISd 0u12 012 0% NI ATA 104LINOD X0°SS3ud d-200901
e sz* gg* - SS__00€ O v 1 42 88HTI1TI SS _VISd 02 OTZ 06 NI ATA T0WINOD 13N SSI¥d d-10¢901
== == = D061 006 O 9J0ST vISd 0Z 012 0S5 NI ATA T0HINDD 13IN4*SS3ud d-100901
*HMd/°IM SS_ % % €=% S§S 33 M H weze13T1S _SS 3¥NSOTI 1IVINDD MUY T3A3T QD2 NNVL X0 X-0T6vDy
____*HMd/*1IM SS ¥ 2 _ E=% SS 22 MH ¥e¢8131S SS. NS0T 1JVINDD _ MO I3A3T QLT*T MNVL XU X-6049%91
91° 0. 2¢-9 ___SS_001 o% v S 4z 88 H T I _ SS 4930 00T OL 0% AING X022 MNVL XGdWIL 1-612901
91*_ _ 0 _ 2-9____SS 001_ 0% v I E 298 HITI SS 4930 001 0L 0% ¥INE X0*T ¥NVL XU'dhal 1-812%0)
__"uMd/°1iM_SS * s €=h Ss 22 MH 34z91311 SS.__ _3¥NS0T3_1OVUINOD_ MOD I3AFY 01 Z MNVL 130d X-0T6€01
"YMd/*1M _SS = & €=9 SS 33 MK dz@g13TI _SS JANSOID LIVINGD MO T3A2T 00T T NNVL 1304 X-606€DL
91* 0 2-9 _SS 0O 0y ¥ 1S 4Z @8 HII SS 4930 00T 0L 0% XINGE 2 ANVL 13N4*dhdl 1-6T2€D01L
o 91* 0 2-9 SS 001 0% v 1S 4 Z88HTIL SS__ 4933 001 _ 04 0%  MINB*T NNVL 1INJd*dWIL 2-81LEDL
*dMd/* LM SS ¥ = Y-% SS_ 20 4 H dzearT3IlS SS 340S0T1D LIVINDD G3S072 ATA IS I35 3H X-~0T€€EDL
*YMd/*iM SS * P sS 22 ) 4 H ¥281371S Ss 3¥NS0ID LIV INGD 425012 ATA 10S I¥d 3FH X-60t€01
e _ . ___.S2* g2* - SS _0OuE- 0G%- 1S 4288 HT I SS 4930 SEe- SYH- ¥NVL ATddNS FH*dW3IL L-TuZEDL
... sz° 8Z* 1-% S§ O00E O MH 3288HTI SS VISd 042 GF2 012 QIOSINVW IND 934 IH*SSIYd d-810€DL
W= == = 2wotvoQ00€E O ____  1vw B J001 viSd 042 S€¢ 01Z GI04INVW 1NO 933 3H S$SS3dd d-RI0EDL
o Gz* Rz - SS 00s1 0 a 1S 42 88 HT1 SS__VIsSd 8oel o061 WNVL A1ddNS IH*SSTud d-100€DL
9 “s310N T TFIMT ¥Md- 29070 31vd HOTH MO X O TTM 1S S 01 9 S @ D Jivd LINN HOTH WYON MO NO11VI07 OGNV 3WVN 3009
N 40 43aX ¥IAX dIN 2 WO S3IONVE X / / / /S P4 d 11 /27 MO SIANYY INIWINASYIW o1
H  S$3IN33343Y ASD v D3¥d 920X X V 4 D HW W 09 8 S S S Vv D3ud 1S3HIINI
o) 12 AN3ISIA-NOIS INdOY¥d e L
6961°8 Y3IGWIAON Ixvl INIT3SvE
9¢  dIGWAN_39vd £864~6SYN ¥IGWNN LIVIINGD

(p,3u02) ¢~9°¢ 2198y



(Vi)5-122

-— - =z - 27 1v SWT 33¥NS0T1D 1IVINDD °SOd QW G/2 SATA J40LNHS N=-664L01L

—  —= G-% SsS 79 S dza1 31 SS 3dNS0T1D 1DVINDD °*SOd GIW G793 SATA 340L0HS N-66%L01
) I - 27 L 2 ") 34NS01D 1IVINDD  *SOd QIW S/V SATA 440LNHS N-B6%L01
I T e ss 23 1S ¥z 81 3 1  SS  3uNS0TD 1IVINOD °*SOd GIW 8/V SATA J40LNHS N-R65L0L
T - = = Ss oot 0 H 4288HTS SS  10d oot 01 ¥OLVAIDV NI 378VIdvA¢S0d H-908981
gz~ gzr - Ss 002 0 v T 7T T UTTT s [3d o0t T 0 " Y3IGWVHI 1SNYHL SSTad 4-0169DL
e ST T T ss 7001 00 T Ty T e R TS T ss visd 1z o011 11 YIGWVHI 1SNEHL*SSIud d-0169DL
o 66%101 60°Z O - SS BR) * S SS 3¥NS0ID IDVINGD  03S0719 ION d ATA J30L0HS X-L1€90L
9 S3LON *IM  UMd- 390 D 31vd HOTH MOT X G T M 1S 7S 0 1 9 S ¥ D 31vy LINA HOTH WHON MO NO11vI07 ONYV 3JWVN 3007
N ) ¥IUX, 420X dIN J__H0  S3IONVd X / / / /S D d ¥ 1 1 /723 %0 . S39NVw INIWIANSV IW a1
H  S3INIW3I3IY ASO ¥ D393  ¥I0X X V A O HW WU O G S S SV DIl 1S3¥3INI
.3 19 AN32$30-N0IS INdOYd o i
S961°8 WIAWIAON IXV1 3NIT3SVE

L€  ¥3BWNN 39vd _E€E86Y=6SYN Y3YWNN LIVALNGD

(B,3u0d) G-g*¢ 8TqB]



(VI)5-123

. __€196¥) s0°7 0O = SS 22 EIE D s SS 3¥NSOTI_LIVINOD 1D ON ATJA Q334X IdNW 1303 X-19€2¥d
g 8zZ* 1-~% SS 0s¢ 0 v H #4288 HTI1E $S VISd 062 161 1L1___ GI04INVW_13Nd 8°SS3Wd d-zo22dL
¢z2° 82° 1-% SS o0s¢g O _ ¥ H ¥4288HTIE SS VISd 0s2 161 121 QI04INVW I3N3 V*SS3¥d d-10228l
— -= - -~ SS 66 Q a SS 13d 66 o] € MNVE J3ANIJ*ALIINVNAD D-vH12¥1
-- == =~ _S$§ 66 __0 _ O . . __SS 124 66 0 V OINVL T3NICALIINVND O-€912¥L
-— ==~ SS 66 0 1 ¥4 2 884d1S SS  12d 66 0 9 YNV 13NJALILNVND D-2512¥1
e - iind - SS 66 0 T 42 48 d1S SS 12d 66 [+] ¥V OINVL 13N44ALTINVAD D-T%T2¥4
91* 0 2-9 _ SS 02t 02 __¥_ 1S ¥4288HII SS 493G 00T 0L 0% __ 8 MNVL 13n3*3univy¥ddwdl 1-2212yL
91° 0 2-9 _ss ozl 0z __v S ¥ZHYEHII SS 3930 001 0L _O% _ V NNVL 33INJ*I40Lv¥Idw3L 1-1212¥1
o 62° g§2* - SS 0S¢ 0 v 1S ¥4 2 8 8 HIT I SS VISd 062 161 111 9 MNVL 13NJ*3UNSSIAUd d-2012¥L
LN T A SS 0se O V¥V 1S 4T 898HII SS__VISd 0S¢ 16l __Ti1 v NVL 13n3°3¥NSSIud d-1012dL
S0°2 0 4-% Ss 22 415 3281 315 SS__ 3¥NS0TI LOVINOD _ G3ISOVI LON 2-8 4304NHS 3H X—494TWl
L $0°7 0 4=% Ss » 4 H ¥zB8131Ss SS 3¥NS0II_L1IVINOD  3S012°1-8 AIA 3301NHS IH X-€9% 1Yl
§0°7 0 ¥-%_  SS 2 4758281 31 S__ SS _ 3YNS0II LOVINGD 0Q3S0TVD 1ON'Z-V J40LNHS 3H X-Z9%T¥s
_ $0°7 0 Y% SS 22 4 H ¥4281 31 S S§  JUASCID LOVINDD  3SOT14T-v ATA 3IJ0LNHS 3H X-T199T4l
e -- = = SS si1_o© M SS Sit 0 1NdINO 9 934 3IH SSIHd d-20ZTdL
5Z* 82° 1-% _ SS 0S¢ O _ .1 ¥ez88H1 I € S5 _VISd 02 Tel 1.1 INO 8 ¥OLVINO3Y IH'SSIud d-20Z1dL
- - - SS §J1 0 M _SS S21 0 1nding v 93¥ 3H SS3¥d d-10Z1¥1
6Z°* 82° 1=+ SS 08¢ O 1 4298 H11 € SS VISd 062 161 TL1 LNO VvV HOLVIN9IY 3H*SS3Iyd d-102THL
91* 0 _ 2Z-9 __Ss_o02I_o0¢ v IS ¥ZA8HTIE SS 4930 001 0L 0% € WNVL WIITIH*dW34 1-22T1¥1
91 0 2-~9 _ SS 021 02 v 1S ¥e®8HITIIE SS_4930 001 0L 0% __ VINVL WNIT3IH*dW3L 1-1Z1144
L -—- = - S§ 0001 O v_ 2 SS vISd 0001 0 8 WNVL WNI13H SS3ud d-20T1¥L
i cz° 8Z® 1-% SS_00S€ 0 1S 4 Z 8 8HTI € SS VIS 052€ OG0E OOOE 8 MNVLI WN113H*3IWNSSIud 4-20T1dL
- - = SS Q001 © 3 SS VviISd 0001 0 ¥V MNVL WNIT13H SSJdd 4-1011¥1
52° 82" 1=-v SS__00S€ O v 1S 42 98 HT 1 € SS VIS 0SZ€ 0S0€ 000E ¥ YNVI WNITIH*IWNSSIHd 4-101T3L
9 S3L10ON SIM™ BMd="390 D 31vY HOIH MDJ X O T M 1S 2S 0 1 9 S § 2 31vd LINND HOIH WHON MO NOTLVI0T ONV 3WVN 3000
N W0 ¥J0X ¥IAX_dIN D ¥0  S3IONVY X / / / /S I d ¥ 1 1 /I3 3O S3INVY INIWIUNSYINW a1
H  S$3IN3¥3d43y ASO vV 0343 Hd0X X V4 D HAH WG9 85 S S v 0393 1S3¥3UN1
2 12 10¥4ANDD NOILIV3IY

556148 ¥38WIADN
8E Y3HWNN 39Vd

IXVl 3aNIT3Sve
€869-6SYN ¥IGWNN L1IVILINOD

(P,3u02) G-9°G a1qe]



(vi)s-12L

CIzZe

T z99edL  60°7 © - SS 32 3 = S S 3¥NSDID 1OVINDD GS12 &1 AJA QIXO 1051 Vol X-0LZ99l
199641  60°Z7 O - SS 2”77 T e T T T $S7 T 3WNS0ID 1OVINDD  aSTI VI ATA QIXO 10SI VIL X-692%yi
R9964L  60°7 O -~ Tss  TTod T T w T TS OTTTSS T wansoi) LOviNDD asi3 e ATA 3aNd 1051 vol X=892kwl

T L99bdl 60°7 0O - ss 39 3 * S SS 39NS01) 1JVINDD ©S1D V% ATA 1304 10ST VOl X—-292%81
999641  §0°Z7 O - ss 23 R T TS 7T 7esT T3unsod LIOVINDD  OSTD 8€ AIA 1304 05T Vol X=99Z%w1 T
699641  SD*Z O - ss 2 T T e 7 ’ ST SS  3¥NSDID 1OVINDD 0SID VE AIA 1303 I0ST vIL X-692HuL T
"999641  60°Z O - SS 23 1 s S SS 39NS01D 1JVINDO2 GS1D 62 ATA 1304 10ST VIl X—v9Z%¥l
€99631 607 O - SS 2 0 77T 4 a T s T sS T 3WNSUT) 1OVINDD GSTD ve ATA 13471051 voL X-£9z%¥l
299631  60°2 O - 7 ss 1o I T s~ sS 39NS0TD 1OVINDD GS1D 81 AIA 13n3 N0ST Vo1 x-292%ul
1996dl  S0°Z 0 - SS o) I S SS 38NS01) 1JVINDD (S10 V1 AJA 133 10ST VOl X-1925d1
0196¥1  60°7 0 - ss ) T s ) s~ sS 3¥NS0TI LIVINDD GST1D € 0/S 0333 NIVW QIXD X-29%€ul
609641  S0°7 O - SS 29 T TN i S~ SS  3¥NSD1D LOVINDD GSID ¥V B/S 0334 NIVW GIXO X-19%€dl ~

T o¢et ezt - SS 0%t O v H 9¥¢98HTT1E€ SS VISd 062 161 141 4 014NW°QIX0®3anSS38d d-202€dl
s2* 8z* - SS 06€ 0 v T WM 4298 HI1E SS VISd 062 161 111 V 0V4NW"QIX0*33NSS3%d d-102€dL
-~ == - 7785 66 0 o T T T € sS 12d 66 0 8 MdNV1 ¥3ZI1AIX0 ALILNVAD D-%41€¥L
TSI SS 66 0 ] € SS 10d 66 0 V SNVI ®371G1X0 ALVINVAD G-€%T€wl”
- -- - Ss 66 0 T ¥4 Zz88dT1SE SS 44 66 0 § NNVLI®QIXD*ALILNVAD 0-2%1€YL -
-— == - SS 66 0 B 7 ¥Z98dTSE SS Ldd 66 0 vV ANVL®QIXO*ALTLNYND O-T4T€¥L
ST°7 70 279  s§ "ozl o0z v 1S 3¢ 8 8 H 1 T €SS 4930 001 02 0% o MWVI 8IZ14TXG  dw3l [=2¢1evl
91* o 2-9 ss 021 o0z v 1S 32 88 H 11 € SS 4930 001 0L 0% v YNVL ¥32101X0%dw3t L-121€u1
sZ* 8z* - SS 0GE 0 Ty 1S ¥Z 88 H T I € SS VvISd 052 T6l 11 € YNVL ¥5ZIGIX0*3¥NSSI¥d d-20T€YL
; ¢z° ®z* - SS o0t 0 v 1S ¥4 2 8 8 H 1 1 € SS VISd 062 161 T1L1 v WNVL ¥37101IX0*38NSSIdd d-101€01
0T96dL  50°7 0 - SS 39 3 = o S~ SS  3¥nS013 1DVINDD 19 8 0/S G333 NIVW 13Nd X-29%2yL
609631 60*7 O - SS 22 Toa = s ss 3UNS0TD 1IVINDD 13 ¥V 0/S U334 NIvW 13nd X-T942¥L
€196¥4  60°7 0 - 88T Ty PR S SS ¥NS0ID 1IVINDD 12 ON AJA 0333X 14NW OIXO X-29€7ul

S3ILON “IM  dMd- 390 D 3ivdy HOTH MOT X G T M 1S 2 S 0 1 9 S ¥ 3 31vy LINN HOTH WYON MOO NDILV2071 aNV IWVN 3009
40 30X WX JIN D w0  S3IONVY X / / / /S DI M1 1 /2D ¥Oo o S3IONVY _ ANIwIunsvaw Gl _

S3ONI¥I4Ta ASO Vv 0344 ¥IUX X V 4 D HW WD 9 8S S S v 534 1SI¥IUINT
19 JI0¥EINCD NQIL1DVIY

S961'8 ¥aBWIAUN
6€  ddBWNN 19Vd

IXvl aNIYiIsve
€86%~6SYN W3IGWNAN LIVYLINDD

(P,qu0d) 6-G°¢ aTqBy



" (v1)5-125

80° 0 ¢&-9 S$ o0z O H 4Z88HTICE¢ SS 4930 002 0 T°ON ¥31SN1D QvND*dwW3l 1-1009d1
TS SS SL1 O 4 N S € SS VISd 06 161 1Z1 8% d¥d 1IN1 QIXD VOL SS3ud 4-920581
- === SS SlL1 0 3 S € SS VISd 062 161 1LT V% dd L1iNi OIXD vJ1 SS3dd d-¢20s¥L
- = - $S sL1 O 3 S € SS VISd 062 161 1.1 8¢ ¥d LINI OIXO VOL SS38d d—9e06ul
T - SS Gil 0 3 S € SS VvISd 062 161 TLT Ve ¥d 1INT OIXD UJ1 SS3dd d-€206ul
o0 i -— - - SS SL1 O 4 S € SS VISd 0652 161 1.1 82 dd LINI QIX0O VIl SS3Yd d-2206dl
-— -—- - SS 6Ll O 4 S € SS VISd 05¢ 161 TZT vZ ¥d LINI QIX0 VOl SS3dd d-120S81
- RIS SS oL1 0 4 S € SS VISd 0s¢ 161 121 81 ¥d 1INT GIXO VOL SS39d d-0205ul
-— =TT SS si1 0 4 S € SS VISd 062 16T 1.1 v1 ¥d 1INT QIXO VIL SS39d d-6106H1 -
- - - SS si1 o 4 S € SS VISd 0S2 161 1LT 8% ¥d L1INI 13Nd VOL SS534d d-810641
-~ - - 78§ 6it o 4 T ST€ SST VISd 062 161 TL1 vy ¥d IONT T3N4 vioi SS3¥d 4-LT1068L
-- == -TTTssTeIn o 3 TTTTT§E TSS VISd 062 161 1L1 ®E ¥d LINT 13N3 VIl SS3dd d-9105u1 .
- - = SS Gi1 O 3 S € SS VISd 052 161 TL1 veE dd 1INI 13N3 VIl SS3dd d-610691
-- == - 78§ se1 0 777 a3~ T T S € Ss VISd 082 161 TL1 82 dd LINY 13A4TVIL $S3ndI-4TOGHI
- - 27 7 ss si1 0 T4 T777 s €SS VISd 062 161 Ti1 vZ ¥d AINI 1303 vIL $S$3¥8 d-€106¥I T
T = -= - SS GI1 0 3 S € SS VISd 06¢ 161 TZT §1 ¥4 IINT 13n3 VIL $539d d-210%4u1
- -— T=7TTSS it o T T T T T mw $S VISd 062 161 121 v1 ¥d LNT 7Ina " vHl §S3dd 4-110691
G0°7 0 " e=% T%STTTTHYTT T 77T 3 W wz el 3aTU$ TUSSTT 3¥nS0Td 1OVANDD T T ¥310LYIN0 6 OILWN d4/0 X-200%wi T~
T G0°Z 0 €% SS 33 JH dZd131% $S 39NS019 1IVINOD W3I01F1IN0 Vv O11vY 370 X-100591
8996di  S0°Z O S - T T I T s T 7ss 3¥NS01D 1IVINDD GSII €% ATIA JIX0 10ST voi X=922%yy
199641  S0°7 O S 4 I i- ST SS 77 3dWNSOTD LIVINDD QS VY ATA QIXD YOSt vor X=eigvui
- 999681  60°Z 0 = R 3 * s SS JYNASO1D LDVINDD OSTJ 8¢ ATA QIX0 10S1 VOL X—%2Z%ul
599641  §0°2 O - Ss TT9% T T 37T AT 7T T s T T'ss T T39NnsS012 12VINDD  GSID Ve ATA 0Ix0 TOST VAL X—€lewdlT T
599641  60°Z 0 -7 TsSTT 03 T T 3 T T T T TTTs T 78S 7T 33Ns07) LJVINDGD  4S1D 82 AN QIX0TIOST VAL x-2LZedi
€99641  60°Z 0 - S BB) 3 = S SS ANSHID TIVINDGD GST1I VE AR QIX0 1051 VoL X-112%81
9 S3LON *IM  gMd- 390 D 3iVd HOIH MOT X G T M 1S 2 S 0 19SS d 2 31vd LINN HOIH WYON MOT ~ “NOTLVIO6Y GNv WVRN~ T~ 30037
N 30 ¥)0X ¥IAX dIN ) ¥0  S3IONVY X / / / /S D 4 ¥ 1 1/ 2D ¥O S3ONVY _AN3WIUNSYIW o
H  SION3¥I4TY ASO v D3¥d  ¥2aX X V 3 JHW W 0 9 8 S S S v DIdd 1$3¥3INT
o} o 12 104WINUD NOI LDV Y
696148 YIGWIAON IXVLI 3N113sSva
0% YILGWON 3J9vd €86%-6SYN YIUWAN LIVHINGD

(p,qu00) 6-9°G BTqeB]



(VI)5-126

= - %=y SS ER) H 347286131 SS 3WNSOTD 1OVINDD  G3S01Y & IAIVA*dO¥d NIvw N-0195¥1
T S A T - H dezetv3at ~ ss 3WNS01D LIVINGD  U3S01D ¥ 3ATVA°dONd NIVW N-609541
T -~ = - SE 0 2N T7 T 9@A 2€ 82 0 T 9TAFNI XO + 13n3 I35 LI0A A-9ET2¥L
- - - ) Z 8 J0A 2¢€ 82 0 GUAFNT X0 + 13n4d 235 1ICA A-gevial
T = == - ) 29 7 T 7 ToaA 2€  8Z 0 HTILPNI XO + 1303 93S LIUA A-9F1L¥1
T TN LT T T T e T T T T T T T - 20A 2Z€ BZ 0  CULPNI XO + 1304 33S LI0A A-€€T1M1
-— - - SE 0 Z 9 J0A 2¢ 8¢ 0  ZVLFNT XO + 1303 23S L30A A<zetewy 777
T TS SE O K] T J3A 7€ 82 0 TTACNI XO + 1304 23S LI0A A-T€TLIY¥L
T - =TT T e o T T zse J0A 2€ 82 0 OTLFNI XD + 1303 335 LI0A A-O€ET2¥L
-~ == - SE 0 F] 3GA 2€ €2 0 & LIFNI X0 % 1303 935 1I0A A-e21eul
ot T T S ©E 0 T T T e T T T J20A 2€ 82 0 8 APNI XO + 13n4 23S 110A A-RZTLML
B o T - T se o0 Tz T T T T oaA 26 82 0 4 LFNI XD 4 1203 23S L1I0A A-L2T2¥1
- == - [ ) 208 Ze 8z 0 9 IFNT XO ¥ 1303 235 110A A92Tiv1I
T T TR T T e T T T T T T e T T TTTTRGA ze 82 0 6 APNI XD + 1304 23S 1I0A A-SZ12¥)
T —— == ST T e o T T T UTUTETeTTTT T T O50A 2€ 8Z D % ACNI XD 4 33N 23S 1T0A A-5212W)
- —= - SE 0 Z 8 J0Ah ¢€ 82 0 € ICNT XO + 13n4 23S L70A A-geitdr
-7 B - - se o T T~ A T T 23A 2€ BZ 0 2 APNT XO + 13n4 23S LIOA A-ZZ1Lui
’ o7 T A . 9GA ze 82 0 1 APNI XD + 13N3 D35 LI0A A-1212¥1
219691  60°2 0 - SS BR) 1 =% S SS 3YNSOTD 1DVINDD 1D ON 8 AJTA XO NODINT 38V X=%001%1
T T T1196di” T50°7 0 - $S 27 7 3 = [ . 34NS01D 1DVINDID 13 ON V ATA XO NODINI ISV X-€£00L¥l
T T T Zieeul ~ s0°7 0 - ss 9 R s T Tss JUNSOTD IJVINDGI 13 ON 8 ATA N4 NOJINI 2SV X-~2002¥1
119641 60°Z 0 - SS BR) 1 = S SS 3WNS01D 1DVINDD 12 ON V AJA Nd NODINI DSV X-T00ZHL -
H T L 2 ) Ss o002 0 WwzdER1TI1E $ 4930 002 0 5*ON ¥ILSNTI QVNO'dWIL L-%009%1
T T T80 o0 z-9 SS 00z 0O TR 4 ze8HUIE SS 393 00z 0 €°UN ¥3LSNTD QVAD‘dWIL 1-€009Y1
80° 0 2-9 SS 002 O H 42Z88HTI1E S§S 3930 002 0 Z2°0N ¥31SN1D aVAB¥dWIi 1-2009¥1
9 SIION  "¥IM “yMd- 390 2 3Lvd HOTH MOT X O T M 1S 2 S G 1 9 S d 3 31vy LINN HOLH WEON MO NOILVIDY ONV 3WVYN 3007
_N____ ¥o ¥IGX _¥oOX dIN 3 ¥O S3IONVM_ X / / / /SO AN T I /D32 ¥O _ SIONVY } INTWIUNSY I at
H ~ $39N3¥343y ASO v D3yd 420X X V 3 DHMW W09 @SS S vV D3l 1S3WIINI
2 L9 10¥INOD NOI LDV3¥ e

6961%8 YILUWIAON
1% d34WON 39vd

(p,3uod) G=9°G BTqelL

XVl 3NT13Sve

€B6Y—6SYN UITWNN 13vY

INLD



(VI)5-127

— —= 4y Ss 7 H 428131 33 NS0T 1IVINDD
— -= 4-4 SS 27 H d2dg131 $S T 3¥NS0TI LIVINDD
T T T TR D Ty TR ) T TH oazetran Ss 33NS01I 1IVINDD
. S L 21 T S . T H 28131 sS 33NS012 1IVINOD
—-—= - %% SS 23 H d¢8131 SS “39AS01D 1DVINDD
- B A 13 YT 7T "W oyezat1t3atr oss 3YNSOTD L1IVINOD
T~ 2 3 - T A - B - - S B Toss 3¥NS012 LIVLINDD
-~ = &~y SS 29 H d4¢8131 "S%T TTT3uAS092 LIvUNDD
Tt R A 1 T T W dez9T 3N SS 33NS0TD 1IVINDD
0T B 2 2 1 T ¥ R 1S 42z281 31 T SsS 3¥NSUID LIV INDD
= - %% $S BB IHERAEREER 53 3YNS0TY LIVINGD
9 STION” T 1M TuMd="39070 21vd HOIH MOT X G T M IS 2 S 0 19 S ¥ 31vy LINA HOIH WuON MOT
N ¥0 _ Y20X ¥IGX_dIN D ¥D  SAONVH X / / / /S D dd 11 /DD U0 SIINVY
H  S3INIYILTY ASO V 03¥4 920X X V4 DHWWO98SS SV 03ud 153¥3INI
) 12 J0¥INDD NOILDVIY

69618 w3IHWIAON

<Y

dIBWNN 39Vd

(P,3u0d) ¢~9°¢ 8TqelL

03SCI)
03SC13
a3sed
{EN o)
035077
EN ]
a3sCc1?
NEH Gk

U3S0TI/N

%

v

fe

ve

az

ve

a1

vl

SAIA
SATA
SAIA
SAIA
SAIA
SATA
SAIA

SAIA

1081
st
10S 1
1081
10S 1
q0s1
0S|

10S1

Vil

vl

vitL

vol

vl

Vil

vil

val

SATA QJ34X OI3hW

G3SOTI/N 8 LINNI JISVv/S)Iu

03S07I/N v LONNI

ISY/S Y

NO11vIGT ONV 3WVN

ANIWIYNSV W

Ixvi 3INII3Sve
€£8649-6SYN ¥IGWAN LIVILINOD

N-8995Yy1
N-1995314
Dloomrxh
N-999641
N-%996dl
N-g99614
N-2996x1
N-1966A1
N-¢196d1
nN-2196%1
N=-T119541L

3000
ul



(v1i)s5-128

== - ~ = v vedt dNT ¥¥3_A¥3S LNV 1S¢170A A-099011

(P,3U0d) G-9° ¢ BTqey

o e = - Ss 6 o 29 SS JaA_2°% O _ . ___29V S_¥AJY 4HA*LI0A A-G09014 _
. -— = = sS ¢ 0 28 SS 20A 2°% ) _D9¥_V_¥ATN_IHACLIOA A-%09011
-— == - 1v val 10 WADJAM WVDES ¥ADYW 08 S SGG0id
— == - 1v Vel LNGNI Wd HONdX ONVES _ €160LL
o - -—- - 1v _wver _INdNT W3 WONdX ONvES _ TI50tL
-— - - s 0 v 208 2% 0 29V _W¥ADY ANVES‘1I0A A~40601L
o — - - s o)) 1 ss 3¥NS0TD LIVINDD_  MIV¥L ON INV u33LS ONVES X-FGHDLL
— -- - v 930 gu+ S2=_ X INdO 44021d IVEWI9 SOd H-Z$%0LL
- == - v 930 04z+ 09~ A _1Nd0 440014 IVOWIO SOd H-TS%081
o z 9 e _wAL IND 4¥ 84V YLWX 3HA ¥Md 3-9220L1
) e == == - SS 0e 0 29 __SS_ WW__0f 2 02 Z NV dWV ¥Md QNVSS ‘¥und I-62Z0L1
— - - $S 0€e 0 z 9 SS YW _0E 62 0Z 1 NV dWy_¥Md _ONVES ‘d¥nd_D-4220LL
. - == - z 8 o o 2 ON 91S 9NITJAJ34 vd X-202011L
— - z 9 e 1 ON 91S 9NITDA23Y Vd X-9020L1
-—  —- - ss H 288 HTS SS_SLIVM G6° €° 0 031737434 38 vd _ONVES‘uMd 3-20201L
) L _— - - ss 1S 4zZ@a8BHTIS SS SLiIVM $Z2 BT 0 LND ¥Md 4¥ vd ONVES‘d43M0d 3-102011
. == - 1w N ver 8 NI 3210A OADY d4HA 91011
-— - - 1y vel W NI 3DI0A OAD¥ 4HA  €910LL
S I L A B O Vel AN 3D10A 9Wd dWd*1I0A A-T9TOLL
.- T oTT =SS _.S o_ __. _ 2.9 . SS J4A ¢S 0 8 JHA OADY DAY SdS*LT0A A-GH10L1L
— - - 1y . VEL . NID_d43¥ _¥319¥vIeNS J%216 801011
— - T T - R S - veal NI 3SVHd 111d4S wWld LO1921L
. -— == - e 1y Lo val N1 DNAS 23216 3L 901011
- -- - 1V o velr _ INdN1 viva ZEN W)d  SO10L4
9 Ts3ioN *1M WMd= 390 D 31v¥ HOIH MOT X G T M IS 3 S 0 1 9 S ¥ 9 I1vd LINN HOTH WdON MO NDI1Y307 GNV 3JWVN 1007
N 40 ¥IaX ¥30X dIN D _¥0 . S3ONVY X_/ / / /S DI dd 11 /D) ¥0 ~ S39NVY INZWIANSV AW ar
N S3INIWIITY ASQ v B3¥4  ¥3AX X VYV 3 JHW W 09 8 S S S v OIY4 1S3¥IUINI
2 19 SNOILVOINAWWOD __ o
G961°8 HIBWIAON ' IXvl 3NIT3ISvd
€% Y3IAWNN 39vd €865-6SYN WIAWNN LIVHLNDD



(vi)5-129

oNveas == =2 T - Z/71°0ON WVY90T10YVI0YLI3 13 666611

ONVES — Tz IND XdW SSVA7LINS 3IvdS 2 T-1666L1"

Py = = YINOD ddNS uMd I3STLTOA A-S00811L

Toes T T2 = YINOD ddNS dMd WI¥d*1I0A A-€00811

- =TT F0YINGI MD 9 ¥IWX 3HA 200811

I == == = TOYINDD MD V YlWX JHA 100811

. -— == 3¢S 0 95 ¥ 2 8 8 HOT S 32 20N Z°y 0 J ¥AIY GNVES OLIISYITOA A-%66911
- TTe=TTs ssS WS YZHEHTS SS TIIVM T [T 4y ¥IWX ONVES GIJ1STuMd J-€6601T
Tome T - —-= = J¢ T 4 ¢ 9 8 HOT S J¢ 930 61+ O S1-" 87% GIo15743 Hd L5%ISVHd §-¢66011

9 S3ILON *IM T dMdT 490 ) 31VY HIIH MOV X O T M 1S 2 S G 1 9 S ¥ O JIvY LIND HOIH WHON MOT ~ NOTIVIOT OGNV 3WVN 30097
N 30 ¥20X ¥J0X dIN D W0  S3AINVY X / / / /S D dad I 1 /DI W0 SIONVY _ INIWIWNSVIW N al
H S3JON3Y343d ASG v D3dd  ¥IOX X V 3 JHH W09 8 S S S vV 03ad 1S3YTUNI
3 ’ 12 SNOI LVIINNWWOI

5961°8 u3IBWIADN IXV1I 3N1T4SvR

o €864-6SYN ¥IGWAN_LIV4INOD =~

Yy YIBWNAN 30vd

(P,3u0d) G~9°G BTq®BL



(VI)5-130

135y AVIY 9VLS 9 SAS LTI0A A-CESBACL

135 AVIY_OVLS ¥ SAS*1I0A A-1€¢

T2_AVIY ZON A1ND_3782°170A A-22SBAT

12 _AVIAY TI0ON Aind 3792°170A A-1268AF

72 AVIY SINN 39VLS_VLTDA A-ZISSAF

T2_AVIY SLINN 39VIS 8°LT0A A-T1G8AC

8 d0_AV1IIY 3IVIOVIQLLI0A A-%0SBAT

v d0 AVI3¥ 3JOV4OVIOQ*LI0A A-€0S8AT

8_710_AVI3¥ _30vIOV3IALLI0A A-20GBA

v 10 _AVI3Y 3IVIOVIALLICA A-T068AC

. . e TToTe - SS.23 1v SS ___3WNSDI) LOVINDD__Q$7J AvI3Y ONIOVIS @ SAS X-9ZI10AL
... m. =~ =SS Tv . _SS_ _3¥NSDID IDVINDD ___GS1D AVIIY_ONIQVIS V SAS X-€ZI0AL _ _
0 0 5-% sS 28131 sS 3¥NS0I1I_1DVINDD  N3dD AVIIY ONIOVLS 8 SAS X-2Z10AL
- - e 2O 0 S=v SS90 €81 3 1S __S$S _3Y¥NSOND_UDVINGD = N3dD _AVIIY ONIOVLS ¥V SAS X-T1210AL
e D __0O__5-¥ ss 2891 31S SS__ _2WNSOID _LIVINDD  NFdD_AVIIY_AHILIvE_Q SAS X-ZTT0AL
0 05— ss 2813158 ss 3¥NS0ID UDVINGD N340 AVIAN AWILLIVE ¥ SAS X-1110AL
- =~ - sS . ) o LN _.& _SS WHO 2 $°0 ALINNTINDOD 033 8_SAS N-2010AL i
— et e e ST T T $S 1v S _SS WHO 2 §°0  ALINNTINOD G33_V SAS N-TQ10AL
0 0 5-% ss 2813158 S 3¥NS0T9 19V INGD O3GNVWNOD 1408y X-0500AL
9 S310N “1M  ¥Md- 390 J JLVY HOIH MG1 X G 1 M 1S 3 S G 1 9 § & J 31vy LINA HOIH WMON MO1 NOILVIOY GNY 3WWN 303
_N 40 ¥I0X_¥IQX_dIN I W0 d¥1 1 /99 ¥0 SIONVY INIWIANSYIN a1 o
H  S3ONIWIIIw ASO v 0334 096SSSy oaud 1S3¥31NI
2 10 SOINHI3L10Y Ad

G961°8 YABWIAON
S% WIGWOAN_ 39vd

IXVL anN113SVve
€86%-6SVN_ WIGWAN LIVILINOD

(P,3uU0d) ¢=g°*G aTqe]



Key

~==n
L

SCEA:

C&WEA:

SPA:

% Power To
S Temperature SenSOrS
S Pressure Analog High Lev
w & | Voltage
w 2 | Current —>
g 5 SCEA
g — | Flows — ApPProX. —
% 8 | Quantities .
£ E Switches > Serial RZ
To Data Rate
P 28VDC GSE Subcarrie
/ Fromi Subframe
EPS
77 Om115 vac, 14 $
O Event s =iy —
Subsystem { O=—=—Mode of Operation— C & WEA S
O————=5ignals meee——p I—
To GSE €]
Not Part of Instr. Subsys. F
Signal Conditioning E
Electronics Assy F
Caution & Warning {_ ] G
Electronics Assy |
C & W Display
P
PCMTEA: Pulse Code Modulation | Panel Assy |
& Timing Electronic Assy | 28VDC
e — - 5.
Signal Processing Assy
I--I;IIals’cer jl‘ r
Caution Lights | I
e — I
——— L
Audio Tone e

Generator

L —— — -




2 Calibration Signals

] —>

O S—

l'iming <
Ref, &—

yne - <

PCMTEA

—_—b
Master—p
Alarm=—=9
—P

(V1) 5-131@

-] 5 % % %
O]} o 28 VDC

'S

om

& C—1024 ke

rallel Digital Data

2 ke Serial Digital Data =

Conérols tFormat Mode Cont

Displays

LEvent Time (10 cps)—l

=PCMTEA ON/OFF =

132
L
512 ke to SPA——— |
Serial NRZ ———l l———» To Other
Data Rate Timing ——’: SPA :—b Comm
Subcarrier Ref,——j f————% Equipt
p————— Calibration ———p| |
——Bit Sync=—m L ——
Stop
Start
Stop ® To GN&C Components
Start — For Serial Digital Data
—6. 4 kc—| - For Parallel Digital Data
—P Power Inverters (3 Lines)
% 512 ke/1600 cps to S & C
~=Time Ref. (Serial NRZ)—l
> End of Tape
I —_—
S —— o Voice Indicator
Storage
> Recorder
—

———Record Switch ON/OFF

Record Switch Auto

VOX Signal From Comm

Voice From Comm

Fig. 5.6-1 Instrumentation Subsystem

?Wm



(VI)5-133

vod
ORND’

wd 0. WaIshg

snjels

uonNqLIISI(J I9Mo0J sng snyels z-9°¢ ‘St g

WOd

N ]

Vam®Oo

V3OS

A8C+

—

qL

T

vViaos

AST+

SJI0SUSg
sme)g

SJI08U9g

— e — il s e




(VI)5-13h

Astronauts
(Manual)

ON/OFF Control

*4‘ ~Operational Sensors

B

1 ON/OFF o L )
Signal Cond Assy No. 1

ey

Sequencer
Assy (Part
of GN & C)

ON/OFF ] . ’
- — - _Caution & Warning Equipt
1.6 or 51, 2 K-bit Select . .
ON/OFF T : - ‘ .
- e . §! g Lq

" ON/OFF
ON/OFF

/j ON/OFF
,{ ON/OFF

NSNS

Note: The astronauts will perform all functions normally, as in LEM. When

v
N s
» - - L - - - - - 3 “~ . o
-~ e L ~ - - - . ’

Status System -

-

the Taxi is placed into a storage mode, the Sequencer Assembly will
control the limited status system.

- Fig. 5.6-3 Status Data -Time Sequencer Command Control




(V1)5-135/136

5.7 CONTROLS AND DISPLAYS

5.7.1 Ground Rules

There are no NASA ground rules unique to the Taxi Controls and Displays Subsystem.
5.7.2 Assumptions

It is assumed that the preseparation, post-landing, and prelaunch checkouts of the
Taxi do not require any additional controls and displays.

5.7.3 Recommended Configuration

In general, the Taxi controls and displays are identical to those of the LEM.
There are a few exceptions, such as the deletion or addition of a switch position
on a rotary select switch. These modifications do not require deletion of the
component, just the elimination of that position. ©Specifically, these changes are
as follows:

e Four descent batteries have been deleted and replaced with three 12-kw-hr
batteries; therefore, one set of high and low switches and status flag can
be deleted.

¢ OSince the EVA antenna functions are to be performed only by the VHF in-
flight antenna, the erectable VHF antenna mode has been removed from the
VHF Select Switch.

e TV camera has been deleted; therefore the TV Switch and connectors have
been removed.

e Circuit breakers will have the appropriate additions and deletions of
breakers to satisfy the subsystem and safety requirements.

The Taxi will make use of the Shelter Radioistope Thermal Generator (RTG), and
therefore it will be necessary to provide controls and displays for it. If the
RIG is connected to the Taxi without proper checkout it could malfunction, and thus
cause the descent batteries to supply power instead of the RTG. This would drain
all the power from the descent batteries and cause a mission abort. Therefore, it
is necessary for one of the astronauts to enter the vehicle after the RTG is in
place and check the voltage, amperage, and temperature. This requires a slight
modification to the EPS display to accommodate these functions.

Figures 5.7-1 through 5.7-9 illustrate the Taxi antrol and Display Panels. The
complete panel layout is shown in Section 6.2.

5.7.4 Baseline Configuration

The baseline configuration is the same as the recommended, except that it does not
include the contrcls and displays required for checkout of the RTG.

5.7.5 Alternate Configuration

No alternate configurations were considered for the Taxi.

-
5.7.6 Potential Modification Per Flight

No per flight modifications were considered for the Taxi.
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6. VEHICLE DESIGN AND INTEGRATION

6.1 SPACECRAFT DESIGN

6.1.1 Ground Rules

There were no NASA ground rules unique to this portion of the study.

6.1.2 Assumptions and Background Data

The philosophy guiding the development of the vehicle design is to keep the
present LEM intact to the maximum extent possible, satisfying increased subsystem
requirements by additions, rather than by modifications. Wherever possible, these
additions have been designed as packages that could be incorporated into the vehi-
cle in minimum time.

The following ground rules have been used during the Phase B study:

No holes in the pressure shell .

No modification to ascent and descent primary structure

Retention of existing piping and wiring

Maintain commonality of subsystems between all AES vehicles

No change to the Spacecraft LEM Adapter (SLA)

Location of subsystem additions to retain many of the GSE servicing re-

quirements in the SLA

e Where possible, subsystems are to be located in the descent stage to reduce
the complexity that modifications to the ascent stage would require

e Experiments will be mounted to the vehicle at existing hardpoints.

Figures 6.1-1 through 6.1-6 are IEM drawings and are provided for comparison with
the -AES vehicles. For details not shown on the AES configuration drawings, these
Tigures clearly define the structure.

6.1.3 Recommended Configuration

The recommended configuration of the Taxi is shown in Fig. 6.1-7. The modifications
required to convert from the LEM to the Taxi are in the micrometeoroid shielding,
thermal, and electrical power supply areas. Thermal modicications include support
changes, increased insulation, and heat input to the ascent stage cabin during a
lunar night mission. The electrical power supply utilizes three modified descent
batteries and one radioisotope thermoelectric generator (RTG) mounted in the

descent stage.

The RTG is assumed launched on the Shelter and brought over to the Taxi prior to
shutdown for quiescent storage. The RTG mounting provisions are the same oa the
Taxi and the Shelter. The RTG is mounted to a shelf which is inserted into truss
supported rails in the scientific equipment bay (-Y, -Z quadrant) of the descent
stage (Fig. 6.1-8). The RTG is insulated on five sides with approximately 1 in.
of insulation. The sixth side is open allowing the RTG to radiate to space. The
RTG unit used in this study is the SNAP 27 Unit, being developed by for the LEM

Scientific Emplaced Package.
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The batteries are located in the +Y, +Z quadrant of the descent stage, as on the
LEM (Fig. 6.1-9). This quadrant permits access for battery checkout in the same
manner as on the LEM and LEM battery mounting hardpoints are used.

Thermal coupling of the descent stage structure to the descent stage batteries and
water tank was reduced. The batteries are mounted to a rack which, in turn, is
truss mounted to the descent stage structure. The truss supports offer a low
thermal conductivity which is a result of a high-length to cross-sectional-area
ratio. A lower thermal conductivity material was substituted for the existing
LEM water tank truss supports. In addition, a heater and insulation was added

to the water tank to prevent freezing during a night mission.

A thermal insulating cover is added to the ascent stage to cover the docking tunnel
(at the top hatch) during quiescent stay (Fig. 6.1-10). Hinge fittings for the cover
are added to the top ot the -Z27 bulkhead. The cover is held open by a latch

during launch and translunar flight. After lunar landing, redundant pyrotechnic
devices sever the latch, and torsion springs close the cover over the docking

tunnel. The top hatch hinge pins are pyrotechnically removed before ascent from

the lunar surface. Thermal covers, common to the Taxi and Shelter, are added to
each window prior to Taxi shutdown. The astronaut installs each window cover with
three simple clip devices (Fig. 6.1-11). The top hatch is jettisoned and the win-
dow covers are manually removed before ascent into lunar orbit.

A thermostatically controlled steam heating loop, utilizing RTG waste heat, is in-
stalled between the RTG and the ascent stage cabin structure. This installation
is the same on the Taxi and Shelter. The boiler located behind the RTG in the
scientific equipment bay sends steam up through an umbilical in the descent stage
to the ascent stage cabin. The five condenser pipes (one on each cabin wall) are
attached by small brackets or clips to the cabin structure with no structural
modifications. This "heat pipe" is shown in more detail in Fig. 6.1-12.

The increased mission time for the Taxi would impose additional micrometeoroid pro-
tection requirements to avoid penetration of critical areas of the vehicle and sub-
systems. The simplest method of providing additional micrometeoroid protection
would be to make the spacecraft outer skin as thick as necessary., The attachment
of these skins through thermal insulators to the basic vehicle structure would
follow similar installation technigues as presently used for LEM,

6.1.4 Baseline Configuration

The Taxi baseline configuration was essentially the same as the recommended con-
figuration described above.

6.1.5 Alternate Configuration - Top Hatch Thermal Cover

An aglternate thermal cover, Fig. 6.1-13, for the top hatch would be the same as
descrbied in the recommended configuration, except without a pyrotechnic device to
pull the hinge pins for jettison capability. The disadvantsge of this design is
the weight penalty incurred by having to carry the cover back into lunar orbit.
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6.1.6 Alternate Configuration - RTG Location

An alternate RTG location, common to the Taxi and Shelter, shown in Fig. 6.l—lh,
mounts the RTG unit on a sheet metal structure spanning the descent stage main
beams over quadrant +Y, +Z of the descent stage. The RTG is shrouded within an
insulated box with a hinged door facing the ascent stage cabin structure. A
thermal sensor is mounted to the ascent stage structure, remote from the radiant
heat field of the RTG. Ascent stage temperature causes either expansion or con-
traction of a fluid in the sensor, which, in turn, operates the actuator and door.
The disadvantage of this installation, for the Taxi, is that the crewman must 1lift
the RTG up to the top of the descent stage. This would probably require some form
of mechanical lifting aid.

6.1.7 Alternate Configuration - RCS Cluster Covers

RCS cluster covers may be used to improve the thermal characteristics of the
vehicle. An automated system would impose a severe weight penalty. Manual
covering is considered feasible; however, the operation is hampered somewhat by
inaccessibility. A ladder and/or work platform may be required to provide this
capability. The covers themselves could be simple insulating bags with draw
strings so that they could be securely fastened. Another possibility involves the
use of an insulating bag of the end of a long stick. This scheme, "a butterfly
net with draw strings", would eliminate the requirement to climb up a ladder.
These concepts would require additional study to arrive at a suitable method.
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6.2 CREW PROVISIONS

6.2.1 Ground Rules

The Taxi will support the Shelter by providing a design goal return payload capab-
ility of approximately 250 1lb,

6.2.2 Assumptions and Background Data

Based on mission requirements, it is assumed that the crew provisions efforts relat-
ing to the design of the Taxi will reflect a minimum modification to the existing
LEM. The proposed changes are to reflect minor subtractions and modifications
primarily based on differences in consummable requirements. The locations of exist-
ing controls, displays, and crew provisions are retained where possible; new equip-
ment is treated as additions to the vehicle,

In addition, it is assumed that the Taxi is to support the over-all Taxi-Shelter
mission by providing astronaut support items, such as: soft space suits, liquid
cooled garments, and PLSS.

On the basis of there being no separate Taxi scientific mission considerations
without the associated Shelter, the LEM scientific equipment is removed.

6.2.3 Recommended Configuration

The recommended configuration for the Taxi is shown in Fig., 6,2-1., This inboard
profile highlights those items which reflect a change from the LEM, Provisions are
incorporated which allow for the addition of 250 1lb of specimen return containers.
Food, LiQH cartridges, and PLSS batteries are reduced as a function of decreased
Taxi crew stay time., A Time Sequencer is provided for programming of the vehicle
status data during the quiescent stay.

Further details with regard to the above modifications are as follows:

® PLSS Batteries: Two PLSS batteries are removed, Of the remaining four,
two are stored on the left side of the mid section and one each in the two
backpacks.,

o ' PLSS LiOH Cartridges: Two PLSS LiOH cartridges are removed., Of the remain-
ing four, two are stored in the existing LEM storage facllities on the left
side of the mid section and one each in the two backpacks.,

® TFood Packages: Approximately four 1b of food are removed., The 5.2 1b re=~
quired for the Taxi mission are stored in a portion of the existing LEM
food lockers located in the left side of mid section.

® Specimen Return Containers: An allocation of space has been made to pro-
vide for a design goal of 250 1lb of return payload. This represents an
increase of 170 1b over the LEM. The filled containers are to be trans-
ferred from the Shelter for the Taxi return trip, and will be located on
the left side of the mid section, aft of the engine housing in the mid sec-
tion, and on the right side of the cabin underneath the side consoles.
Provisions for securing these containers in their respective locations are
included.

The items listed below have been removed from the LEM consistent with the Taxli mis-
sion requirements,
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e Scientific equipment
e TV camera and portable cable,

In addition, the voice storage recorder has been retained and is located on the
left side of the cabin on the forward side of the + 727 bulkhead.,

The following items are transferred from the Taxi to the Shelter to avoid redun-
dancy and allow for an efficient utilization of available hardware consistent with
Shelter-Taxi mission requirements:

Two soft space suits
Two liquid cooled garments
Emergency oxygen system
Two PLSS units
Two thermal/antimeteoroid protective garments
Two pairs of lunar boots
Two suit repair kits and spare parts
e One water probe,
The above items are to be returned to the Taxi at the conclusion of the mission for
support of the crew during the return Taxi mission.

Fig. 6.2-2 shows the Taxi control and display panel layouts. Minor modifications

are indicated primarily in the battery display area (Panel X). Controls for one
descent battery have been removed, reflecting the differences in LEM and Taxi battery
configurations, In addition, the Power/Temperature Monitor Switch on Panel X has
been modified by the deletion of the No. 6 Battery Position. A RIG notation re=
places this nomenclature, Panel VI has also been modified by the removal of the

TV plug-in and its associated control.

6.2.4 Baseline Configuration

The PLSS calibration unit was removed from the LEM, in addition to the previously
mentioned modifications, This unit represents the only difference between the the
baseline and recommended configuration,

6.2,5 Alternate Configuration - Exterior Lighting

One alternate to the recommended configuration was considered; providing exterior
lighting on the Taxi to illuminate the local area during the night portion of the
mission, It may be possible to provide any necessary lighting from the Shelter
payload mobility aid. However, if this is not possible and lighting is required,
exterior flood lights could be provided at two corners of the descent stage, 180
deg apart, to illuminate under the descent stage, along the sides of the vehicle,
and the terrain away from the vehicle. One light would provide illumination of
the alighting ladder area. The lights could be portable self-contained battery
types or fixed installations serviced by vehicle power with exterior and interior
switching capability.

6.2,6 Potential Modifications Per Flight

No per flight modifications were considered for the Taxi.
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6.3 STRUCTURAL ANALYSIS

6.3.1 Ground Rules

The following ground rule is unique to this portion of the study:

e Structural and dynamic interface between spacecraft and launch vehicles
for all AES missions shall be compatible with the basic Apollo Program.

6.3.2 Assumptions and Background Data

The design criteria and environments established for the LEM have been used to
establish subsystem design concepts and feasibility for this study. It is antici-
pated that these conditions will not be exceeded when the final configurations,
including payloads, have been determined.

Inasmuch as the total LEM launch, separation, and landing gross weights will not
be exceeded by the Taxi, it may be assumed that the basic structure will not require
modification,

Tables 6,3-1 through 6,3-7 summarize the pertinent LEM design requirements which
have been used to establish the integrity of the basic vehicle and subsystems. A
safety factor of 1.50 is applied to the limit conditions to obtain ultimate loads.
Fig. 6.3-1 shows the Taxi reference axes.

An estimate of docking loads for the CSM and LEM with the S-IVB Stage is shown
below for the indicated masses, moments of inertia, and criteria,

e Probe Contact

Axial velocity 0.1 to 1,0 fps
Radial velocity 0.0 to +0.5 fps
Angular misalignment *10 deg
Angular velocity #1.0 deg/sec
Miss distance at probe +1 ft

e Loads
F= 2235 1b
F,= 3118 1b

M= 8134 ft-1b

e Mass Properties

Active Vehicle M= 2000 slugs

(csmM) I= 74000 slug-ft
Target Vehicle M= 2200 slugs 5
(s-1v B + LEM) I= 1,150,000 slug-ft
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e Final Hard Surface Contact

(Max. permissible for single-pui.t contact on non-parallel surfaces)

Axial velocity = 0.1l5 fps
Fy = 5000 1b

6.3.3 Recommended Configuration

The basic LEM structure will not require modification. However, because of the
longer mission time (14 days on the lunar surface), the micrometeoroid protection
requirements may necessitate an increase in material thickness, The shielding
design and support structure will be the same configuration as presently used on
LEM,

While micrometeoroid penetration considerations will determine the minimum average
gage and skin spacing from the protected structure, the shielding must be designed
for its ability to withstand sonic fatigue during the launch and boost condition.

For LEM, the micrometeoroid shielding, which also acts as thermal shielding, is a
0.006-aluminum-alloy skin held away from the main structure by nylon standoffs.
The standoffs offer point support and are spaced approximately 12 in. apart.

While the basic structure will not require modification, there may be particular
materials used by LEM which will not satisfy the longer mission time and revised
environment,

Non-metallic materials are now evaluated for a total of 3 days in contrast to the
1h-day Taxi mission time. Since the quantity of outgassed products per material
may be unacceptable for the increased mission time and increased degradation may
also take place, retesting may be necessary. Other areas apart from a toxicity
standpoint where testing may be necessary are: compatibility effect of extended
exposure of both metallic and non-metallic materials to propellants, oxygen, and
hydrogen; effect of prolonged UV radiation on visibility through window material;
extended mission times, combining high- and low-temperature cycling and hard vacuum,
could have detrimental effects on sealants and non-metallics; and stable thermal
control coatings. The extent to which these potential problem areas will alter
the original materials chosen will be studied further in FPhase C.

6.3.4 Baseline Configuration

The Taxi structure for the baseline configuration 1s the same as for the recommended
configuration.

6.3.5 Alternate Configuration - Micrometeoroid Shielding

Alternate methods of construction for the micrometeoroid shielding were investi-
gated using the techniques of ref. 6.3-2. A general comparison was made of the
following types of construction which are listed in order of preference from a
weight standpoint:
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Honeycomb panels
Skin with bonded doublers and ribs
Skin and rib

Corrugated panels

Beaded panels,

Since the design reference data used were developed for aircraft applications, the
lowest number of design cycles considered were a factor of 10 to 100 times greater
than those anticipated during the launch and boost conditions, The gages required
were, therefore, 5 to 30 times greater than that used for LEM., An exception was
the honeycomb construction where the sum of the two face gages was only 1.5 to 2
times as great.

While these alternate methods of shielding are more efficient fatigue-wise, it is
not planned to apply them to the Taxi. The total mission time for the Taxi is 14
days as compared to 7 days for LEM; it is felt that a slight increase in skin gage
will provide a sufficiently high probability of no penetration,

6.3.6 Potential Modifications Per Flight

No per flight modifications were considered for the Taxi in this area,

6.3.,7 Discussion of Configuration Choices

For micrometeoroid shielding, the LEM-type construction was selected for the Taxi
with an increase of skin gage as required for the 1h-day mission period. Although
the increase in gage is usually beneficial with regard to fatigue, a change in
dynamic characteristics, especially of the substructure, will occur. Acoustic
testing of the new configuration would therefore be required later in the program.

6.3.8 References

6.3-1 ITR-905-11001: "Results of Vibration Tests, LEM Structural Elements",
C. Birn, Grumman, April 1965.

6.3-2 ASD-TDR-63-820: "Structural Design for Acoustic Fatigue," Air Force Flight

Dynamic Laboratory, Wright Patterson Air Force Base,
October 1963.
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Table 6.3-1

LAUNCH & BOOST ACCELERATIONS

Condition N_ (g) Ny or N (g)

Lift-off 1.6 0.65
Max q « 2.07 +0.30
End boost 4.9 +0.10
lst-stage cut-off 1.7 +0,10
End 2nd-stage boost

(engine hard-over) 2.15 +0.40

Table 6.3-2

VIBRATION INPUT TO EQUIPT SUPPORTS FROM EXTERIOR PRIMARY STRUCTURE

Random Sinusoidal
10 ~ 23 cps 12 db/oct rise 5 - 18.5 cps 0.154 in. D. A.
23 ~ 80 cps 0.0148 gz/cps 18.5 - 100 cps 2.69 g peak
80 ~ 105 cps 12 db/oct rise
105 - 950 cps  0.0kkh g2/cps
950 ~ 1250 cps 12 db/oct decrease
1250 - 2000 cps  0.0148 g°/sec
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VIBRATION INPUT TO EQUIPT SUPPORTS FROM INTERIOR FRIMARY STRUCTURE

Random Sinusoidal

10 - 23 cps 12 db/oct rise 5 - 16 cps 0.154 in. D. A.

23 - 80 cps 0,0148 ga/cps 16 -100 cps 1.92 g peak

80 - 100 cps 12 db/oct rise

100 - 1000 cps 0.0355 g2/cps
1000 - 1200 cps 12 db/oct decrease
1200 - 2000 cps  0.0148 g2/cps

Table 6.3-k4
ACOUSTIC ENVIRONMENT

Octave Band, cps

C-5 at Max q Level, db

9 - 18.8
18.8 - 37.5
37-5 - 75

75 - 150
150 - 300
300 - 600
600 - 1200

1200 - 2400

2400 - L4800

L4800 - 9600
overall

136
142
146
143
139
135
130
125
119
113
150

(Sound pressure levels in db external
0.0002 dynes/sq cm)

to LEM, Re:
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Table 6.3-5

SPACE FLIGHT ACCELERATION

Axis X Z
] r rad
Acceleration g 'g?%g g cec? g iii?;
SM Propul Sys Operating -0.36 - +0,062 +1.99 | +0.062 +1.,99
Not Operating 0 0 0 0 0 0
Table 6.3-6 )
DESCENT ACCELERATIONS
Vertical Lateral
Accel, Accel, rad/sec® rad/sec?
Phase Earth g Earth g about about
X Y&Z Y&Z X
At Separation +0.368 +0.0378 40,192 +0.091
Elliptic Orbit +0.372 *0.0383 +0.193 +0.092
Start of Hover +0.707 +0.0728 0,448 +0.166
End of Hover +0.815 +0, 08k +0.645 +0.189
Transfer Orbit 0 0 0 0
Table 6.3-7
LANDING ACCELERATIONS
Axis X 4
Landing
Accelerations g Z:ig g :Zﬁ g 'ﬁi%é
at ILEM cg
Case 1 .798 | +.036 |+1.778 -0.16 0 +14.56
Case 2 .798 0 0 17.60 1.778 0
Case 3 .857 *+15.82 | £.095 9.05 -2 +.573
Case U4 2.74 0 0 28,1 +,514 0
Case 5 2.74 .01 +,514 -.055 0 ‘123.3
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Fig. 6.3-1 Taxi Reference Axes








