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PREFACE
SECOND EDITION

The first edition of this study was given only the limited distri-
bution necessary to facilitate preparation of a consolidated ABMA report
to NASA. This second edition was printed to meet the requirement for
wider distribution to the AEMA laboratories concerned with the soft
lunar landing equipment problems. This edition is essentially identical
to the first edition with the exception of minor corrections and the

substitution of more up~to~date illustrations on certain ground support

equipment as indicated below.

New Figures Substituted in this Edition

Figure 10. Lower Booster Firing and Service Equipment
Installation

Figure 11. Upper Booster Firing and Service Equipment
Installation

Figure 16, LOX Storage Area - SATURN
Figure 17, LOX Storage and Transfer System (SATURN)

Figure 19, Fuel System Schematic (SATURN)



FOREWORD

The information contained in this document is intended primarily
for use of ABMA in the preparation of a '"Lunar Soft Landing Study" for
the National Aeronautical and Space Administration. However, it may
be of interest to other personnel concerned with the development of
the SATURN system and with other space projects.

Material in this document is presented in three section: . Section
I, Ground Support Equipment; Section II, Manned Lunar Capsule Recovery;
and S8ection III, Lunar Roving Vehicle., It should be pointed out that
a majority of the ground support equipment described in Section I has
already been developed or has been designed for use in the overall
SATURN Vehicle Program., Therefore, most of this section is a proposal
only in the sense that it is proposed to use existing SBATURN Ground Bup-
port Equipment in the Lunar Soft Landing System, However, the informa-
tion presented in 8S8ection II and Section III is based on preliminary
design studies only and is submitted as a proposal subject to a com-

plete R& Program,

Bince information presented herein is very general in nature it is

not intended for use as final design criteria.
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SECTION I
GROUND SUPPORT EQUIPMENT
A. LOGISTICAL CONSIDERATIONS
1. General
Logistical support of the launching of lunar mission vehicles
from the Atlantic Missile Range will present major transportation pro-

blems. The four major missile components (booster, second and third
stages, and payload) must be shipped to AMR from different sections of
the country and all of these components have dimensions which exceed

the maximum capabilities of conventional air, rail or road carriers.
Special equipment and special routing must be provided and the overall
program schedule will not allow sufficient time for movement of these
items at the most convenient times consistent with other transportation
activities, Several requirements will be discussed in the following

paragraphs to illustrate the problems involved.

2. Booster

The SATURN Booster to be transported from ABMA to AMR in an

assembled condition will be 256 inches in diameter and approximately

82 feet in length. Since the booster will be moved on its transporter,
these dimensions will become even larger, Therefore, the only way to
transport such a large, expensive and vulnerable item from ABMA to AMR
is by waterway, A rather detailed description of the facilities and
equipment for handling and transporting the booster over this route is
given in paragraph B. 1. below. The barge transportation described will

assure safe handling of the cargo but will require between two and three

weeks for the transportation phase alone. It will be necessary to



partially build and/or reinforce about 10 miles of roadway at Redstone

Arsenal and about two miles of roadway at AMR. Obstacles gsuch as power

and telephone lines must be removed, and for the actual movement, all

other road traffic must be blocked or rerouted. Since the barge must

be returned to RSA with the recovered booster and maintenance time for

barge and equipment must be allowed, it is obvious that firings at two-
month intervals will require at least two barges and personnel for
continuous operation.

3. Second and Third Stages

Since a decision has not been reached at this time on the dia-

meter of the upper stages of the vehicle to be used for this mission,
both possibilities will be briefly discussed.

a. 120 Inches Diameter. Air transportation of components of
this diameter 1is possible with the C-133 aircraft which has cargo com-

partment dimensions of 140 inches wide, 144 inches high and 85 feet long,
This is adequate for either of the upper stages. However, this 1s the
only aircraft presently available with this capability. With air trans.
portation available (it is assumed that adequate aircraft of this type
will be available for this purpose by 1963), there should be no major

problems involved in scheduling deliveries of upper stages of this dia-
meter to meet tight fabrication and firing schedules.

b, 160 Inches Diameter, Transportation of stages of this dia-

meter over long distances from an inland area such as Denver, Colorado

to AMR presents a critical logistical problem. Air transportation by

the largest presently available cargo aircraft (C~133) 1is not possible,

Wat
er transportation in a manner similar to that used for the booster W

=
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be the most simple method but is not always possible. Road transporta-
tion is possible but will require special routing and traffic restric-
tion. Rail transportation would be even more difficult, Therefore,
transportation by a lighter-than-air craft (blimp) has been considered
but may prove to be economically impractical. No conclusion has been

reached on a solution to this problem at the present time,.

4, Booster Recovery

Handling of the booster after a successful landing and recovery
also constitutes a major operation. The operation of spotting and water
recovery of re-entry nose cones is well known. However, the water
recovery of a small and compact nose cone is far more simple than that
of the voluminous, delicate booster which is partially filled with
propellant residuals, and therefore, presents a safety hazard to equip-
ment and personnel. Details of the proposed water recovery scheme are
presented in paragraph D. A Landing Ship Dock (LSD) is proposed as
the main equipment. Flushing, inspection, preservation and disassembly
of delicate parts will be done on board the ship by a special crew dur-
ing the return trip. Later the missile will be transferred to a river
barge for return to RSA dock. A suitable harbor with proper crane
facilities, such as New Orleans, will be used for this purpose. Pre-
paration, recovery action and return to New Orleans will require an

LSD for about one week and supporting ships for a portion of this time.



B. TRANSPORTATION TO LAUNCH SITE
1. Booster
a. Land Transportation (Figure 1) (Figure 2)

(1) Transporter. (Figure 1). The booster transporter ig
a unique piece of equipment in that a part of the booster final assembly
jig is used to make up the transporter assembly. The assembled booster,
with its Support Cradles, Connecting Trusses and Assembly Rings, is
jacked up as a unit and placed on two axle and wheel assemblies.
Pertinent transporter dimensions and wheel and axle loads are shown on
the silhouette representation of the missile-~transporter combination,
Each wheel assembly consists basically of two pairs of two independent-
ly braked and hydraulically steered aircraft tandem wheels on an axle
assembly. The Support Cradles are secured to the axle assemblies and
a towbar on the forward axle assemhly connects to the prime mover. The
booster is carried on this composite vehicle through all phases of
testing, checkout, and transportaticn from the Fabrication Laboratory
to the launch site,

(2) Prime Mover., (Figure 2). The prime mover for the
transporter during all land transportation is a standard aircraft tug
(TT-11). The maximum towed speed of the loaded transporter is between

3 and 5 mph. The TT-ll aircraft towing tractor is powered by a Buda

diesel engine with a maximum draw bar pull of 13,500 pounds. The
transmission consists of a 3 stage twin disc torque converter. The

maximum angle of approach and departure is 13° and 17° respectively.
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b, Dockside Facilities
(1) Redstone Arsenal Dock (Figure 3). After all booster

testing at ABMA 18 completed, the booster~transporter combination is
towed to the RSA Dock and is rolled on to a specially designed barge.
The dockside facilities for this operation consist of a ramp to the
waters edge and two electrically powered winches mounted at the top of
the ramp to control movement of the transporter up and down the ramp,
An undamaged booster returned to RSA Dock on a transporter will be off-
loaded In a similar manner, However, when a heavily damaged booster is
returned (t may not be supported on a transporter and partial salvage

operations may be necessary before off-loading 1is accomplished. 1In this
case 1ift facilities, such as a mobile crane, will be necessary for re-

moving salvaged components from the barge. As the recovery program

becomes more extensive and {f the return of heavily damaged boosters
requires heavier off-loading facilities, the RSA Dock will have the
capability for expansion to include construction of a 100 ton stiff-
leg derrick with a reach of 85 feet to provide lifting facilities for

a complete booster when {t is returned in a damaged condition without

{te tranaporter,

(2) New Orleans Port, Existing heavy 1lift facilities at

the New Orleans Port are considered sufficient for transferring the re-

covered booster from the recovering LSD to the barge for return to RSA

Dock,
(3) Atlantic Missile Range, Ramp facilities similar to

those described for RSA Dock will be used for unloading the booster~

transporter at Site C, AMR, approximately one mile from Complex 34 on

the Banana River,



c. Water Transportation (Figure 4).

Two types of barges are presently being considered for the
water transportation phase of booster movement from ABMA to AMR. The
results of an investigation presently being carried out by the Trans-
portation Corps in cooperation with Systems Support Equipment Laborator

will determine whether a coast-wise type barge or a full sea-going

type barge will be used. Maximum booster protection, simplicity and
cost of operation will be among the determining factors considered.
Both barges will have end opening doors for roll-on/roll-off operationg

and removable hatch covers to provide complete environmental and hazard
protection to the booster during transport. Operations with each type
barge are discussed below.

(1) Coast-Wise Barge. With this type barge the booster-
transporter is loaded on the barge at RSA Dock using the roll-on/roll-
off operation described in paragraph B.l.b(l) above. The barge is towe
down the Tennessee, Ohio and Mississippi Rivers to the New Orleans port
by river tug. At New Orleans the entire barge is floated into a sea-
going landing ship dock (LSD) which transports the cargo from New
Orleans around the Florida Peninsula to Fort Pierce, Florida, approxi-

mately 80 miles south of Cape Canaveral, There the barge i1s discharged

from the LSD and towed by river tug up the Indian River and Banana
River to the barge basin at Site C, AMR, where the booster-transporter

1s off-loaded and towed to the SATURN Launch Site Complex.

(2) Sea-Going Barge. With this type barge the loading at

RSA Dock would also be accomplished by the roll-on/roll-off method.

6
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At New Orleans the river tug (approximately 65 feet long) would be ex~
changed for a sea-going tug (approximately 100 feet long) which would
then tow the barge to Fort Pierce, Florida. Here thé. sea-going tug
would be exchanged for a river tug which would complete the trip to
Site C barge basin. The obvious advantage of this method of trans-
portation is that no LSD loading and ﬁnlol.ding of the barge is required

with the inherent possibility of damage to booster.



K. Stages
™o second and third stages, to be fabricated, assembled ang

tested by Martin-Denver and Convair Astronautics respectively, may

present & consideradble transportation problem depending upon the fiag
decision on the diameter of these stages. As pointed out in paragran
A.). air transportation of a 120 inch diameter stage can be accomplig,

with the C-13) aircraft, wvhereas, no presently available aircraft ca

transport & 160 inch diameter stage. Since the final decision on the

diameter of these stages has not been made no proposal on transporta.

tion will be made in this document. Details on handling equipment ar,

also unavailable at this time,

3. Payload
a. Transporter, (Figure 3).

the lunar payload is essentially a modified version of a commercially

The proposed transporter for

available four wheel transporter. The payload rests on a rear saddle

and {s restrained and supported at the forward end by its lifting boly
This {s a proven system for missile transporters and it effectively
prevents torsional strains from being introduced into the missile,
Overall dimensions are shown on the silhouette illustration of the
transporter with payload,

b, Prime Mover, Any commercial type small tug tractor with
pintle hook may be used as a prime mover for the payload transporter
since road movement will normally be limited and will be accomplished
on first class roads. However, road speeds must not exceed five miles

per hour to prevent shock loading of the payload in excess of 4g's.
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c. Transportation. (Figure 6). Payload dimensions will per-
mit transport by C-133 aircraft and this will be the normal method of
transportation to the launch site complex. Shipment of the payload
will be made on the transporter as shown in the silhouette illustration
to facilitate loading, unloading and tie-down in the aircraft. Either
rail or road facilities may be used for return shipment of the reuse-
able materials and equipment from the AMR to ABMA,

d. Packaging. The outer skin of the payload will constitute
the external container in which the internal components will be living
in a controlled environment. End covers and strippable coating will
complete the sealing requirements. Desiccant breathers and appro-
priate venting will provide protection and prevent excessive differ-
ential pressures during air transport, Environmental protection, will

be provided by a water proof tarpaulin or insulated blanket as required

by ambient conditions.



C. LAUNCH SITE

1. Launch Site Complex (Figure 7).
The SATURN Launch Complex contains all necessary facilities

for handling, storing, servicing, checkout, erection and launching
of the SATURN vehicle as well as the required administration and

logistical facilities and special research laboratory facilities to

gsupport the various projects to be carried out during the SATURN

Program,

Upon arrival at the barge basin the booster and transporter
are off-loaded from the barge and towed to the Booster Assembly
Building, where final assembly details and horizontal checkout are

accomplished. From here the booster passes through the staging build.

iﬁé-*gto the launch pad for erection. The upper stage assemblies are
handled in a similar manner from the airfield to launcher.

One launch pad facility is sufficient to support SATURN fir-
ings at approximately two-month intervals. Therefore, based upon the
presently projected firing schedule, one pad facility will be sufficie
to support all the Lunar Payload Missions. However, the propellant
storage and transfer facilities are designed with the capability of
supporting two launch pads at alternate intervals when required. This

will be a requirement when the Lunar Payload Missions are superimposed

on other SATURN program schedules,

10
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2. Booster Erection (Figure 8) (Figure 9)

The SATURN Booster is erected on the launcher by utilizing the
track mounted gantry type service structure. This structure has a
bridge crane:supporting two hooks of 40 and 60 tons capacity each.

The hooks are approximately 12 feet apart horizontally and can be moved

horizontally, longitudinally and vertically. In preparation for erection

the service structure is positioned over the launcher, the booster
transporter is towed into position parallel to the service structure
base, and the booster is rotated 450 from transporting plane to the
erecting plane. The top portion of the rear assembly ring is removed
from the booster and two tension cables are placed between the front
hoist points and the rear thrust frame to minimize eccentric erection
loads. Catenary effects in these cables are minimized by use of
several connecting bands across the upper half of the booster. The
gantry crane is then moved into position and connected to the booster
pick up points by means of erection slings and beams. The 60-ton hook
is connected to the forward sling and the 40-ton hook to the thrust
frame sling. The booster is lifted from the transporter, rotated into
vertical position, moved into the.gantry structure and lowered onto

the four preleveled launcher support and hold-down points with the

assistance of removable guides attached to the launcher arms,

11



3. Booster Checkout (Figure 10) (Figure 11)

a. Leak and Function Checkout
After erection, a pneumatic leak and function check is mag,
on the booster to determine if any components or subsystems were.dmw
during transportation and handling. Gaseous nitrogen (GH2), 'used in
per formance of the checks, is routed to the checkout panels on the
launcher through a pneumatic distribution station in the base of the
umbilical tower. The GN, pressure is regulated at these panels and,
in conjunction with electrical control panels in the blockhouse, sery,
to distribute the GN, to various check-points throughout the system
where function checks of the valves, leakage of joints and fittings
and flow rate checks are performed. Pneumatic distribution lines alg,
extend from the pneumatic distribution station to checkout panels op
the service structure for checkout of the top part of the booster,
b. Engine Servicing
Following pneumatic checkout, an engine service operatiog
is performed using the Engine Servicing Trailer. This operation in.
cludes flushing and purging of the critical portions of the engine gyc

as the fuel jacket, LOX dome, gas generator, and the fuel igniter 1ine

to insure absolute cleaniness of these parts,
4, Vertical Engine Removal
Lack of working space in the booster tail section area makes
it necessary to have a handling and hoisting system capable of opers.
tion in a restricted area for removal and replacement of a defective

engine after the booster is in the vertical position.

112
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LOWER BOOSTER FIRING AND
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Removal of an engine is accomplished by attaching a hoisting
bar assembly to the engine 'rabbit ears'" and turbo pump mounting frame.
The engine is then lowered by a hoist and pulley system until it is
clear of adjacent engines and the booster structures. Here the engine
is secured to a sled or skid which has been raised to position on a
gervice platform. Half of the platform is then detached, lowered to
the base of the launcher and removed from the area on a monorail. The
engine is then lowered on its skid along the face of the deflector by
means of a cable and hoist arrangement to the base of the launcher

where it is removed from the area on the monorail. Reversal of this

procedure is used to install a replacement engine.

5. Upper Stage Assembly (Figure 12)

Assembly of the upper stages is accomplished after booster

checkout is completed. However, details on these operations are not

yet available.
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Figure 13. SATURN LAUNCHER - UPPER DECK
(MODEL)
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THREE STAGE SATURN

WITH UMBILICAL TOWER

Figure 15.



7. Propellant Storage and Loading
a. Liquid Oxygen. (Figure 16) (Figure 17)

The LOX facility for the SATURN complex consists of pro-
tective revetments, foundation, and partial weather protection for
1iquid oxygen storage and transfer system. The system has the capa-
bility of servicing two pads from one facility at different intervals.
The storage facility consists of an insulated sphere of 125,000 gallon
capacity. The 4l-foot diameter storage tank is insulated, but not
vacuum jacketed, to sustain an evaporation loss of LOX of 0.2%/24 hr.,
The working pressure of the sphere is 40 psig which is maintained by
a heat exchanger for self-pressurization. The booster transfer system
consists basically of a 2500 gpm, 400-foot head pressure centrifugal
cryogenic pump with associated valving necessary to transfer liquid
through 750 feet of 8-inch uninsulated aluminum transfer line. Initial
loading of oxidizer to the upper stages is facilitated by manifold
lines connected to the gantry service structure and branching off at
each stage servicing connection. The second stage initial filling 1is
accomplished by using a 1000 gpm, 600-foot head pressure pump, and
a 6-inch aluminum transfer line, The third stage filling utilizes the
same 1000 gpm pump but is operated under throttled conditions,

Replenishing of the various stages is accomplished by
using an additional 13,000 gallons, 200 psi working pressure, vacuum
jacketed tank located in the storage facility confines. Replenishing
of the booster and upper stages is accomplished by using a pneumatic
actuated modulating valve controlled by a LOX tanking computer and

level control associated with each of the stages to be replenished.
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The replenishing transfer lines for the booster, second, and third stages
are 3 inch, 2 inch and 1 inch insulated lines respectively.
Replenish;ng LOX to the upper stages 1is controlled to
exact levei and maintained until umbilical separation during the launch
countdown. The 2Einch and 1 inch insulated replenishing transfer lines
for the upper stages are rﬁufeﬁ ;hrough the umbilical tower.
- The LOX transfér system 1s automated and is initiated and
controlled from the blockhouse propellant loading panels during transfer
sequence. frior to ﬁropellaﬁt lpading, the system component checkout

can be accomplished at either the blockhouse or the LOX complex.



LOX STORAGE AREA-SATURN
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SNEmS— LOX STORAGE AND TRANSFER SYSTEM
(SATURN)

Figure 17.
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b. Fuel (Figure 18) (Figure 19)

The RP-1 fuel facility for the SATURN consists of protective
revetments, foundation, and partial weather protection for the storage
and transfer system. The system can service two SATURN launch pads
from one storage facility but at different intervals. A retaining wall
to contain 125% of the volume of the fuel tanks is provided with the re-
veted area to retain the fuel in case of a tank rupture. The revetment
wall is 15 feet high and is earth reveted on the pad side. Fuel stor-
age is facilitated by using two 30,000-gallon capacity cylindrical
insulated tanks. The transfer system and associated plumbing consist
of a pad to support two 1000 gpm centrifugal pumps operating at 175
psi head pressure for fueling the booster, a 600 gpm recirculation
pump, a 600 gpm filter-separator unit, an aductor system, miscellaneous
valves, piping, and controls. The booster is serviced by two 1000 gpm
pumps manifolded into 1000 feet of 8 inch diameter transfer line,
Liquid level is controlled in the booster by a fuel tanking computer,
The density of RP-1 fuel is monitored at all times by the fuel density
indicator. The fuel is over-filled in order that the fuel computer
can adjust fuel level to 100% by draining the fuel. The proper LOX-fuel
weight ratio at take-off is accomplished by replenishing the LOX to
the proper level as dictated by the fuel,

Initial upper stage fuel filling is accomplished through
the same system but by utilizing only one 1000 gpm pump and a six-inch
line attached to the gantry service structure. Once filled to the pre-
scribed level the fuel transfer lines are evacuated. of RP-1 by a jet

eductor operating on Bernoulli's Law of Continuity.

17



Initial charging of the storage tanks is through the
filter-separator unit to insure proper filteration of fuel and to

minimize the.eutrained water content of the RP=1., During long Btorage

.
periods, periodic operation of the.filter-separator unit is required ¢,

insure desired fuel cleanness prior to missile servicing.

The fuei transfer system is' automated and is initiated
and controlled ;Erom: the blockhouse fuel loading panels. Prior to
propellant ioading, ‘the fuel system.component checkout is accomplishegd
at the blockhouse by the fuel loading panels. Communications betweep

blockhouse ‘and fuel complex is required during this operation.
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D. BOOSTER RECOVERY OPERATIONS (Figure 20)

Recovery of the SATURN booster from the ocean is accomplished by
the use of a fleet of surface vessels including an LSD (Landing Ship
Dock), fqur1destgnyer (or similar) escorts, two sea tugs, a PT (Patrol)
boat, and a command-communications-helicopter-tender ship of a suitable
type. Fixed-wing aircraft are employed in spotting the downed booster,

The recovery operation will consist of four phases:

l. Location and damage surveillance

2. Recovery of the booster from the ocean

3. Decontamination and preservation and

4, Return shipment of the recovered components.

Immediately after impact, the helicopter and the PT boat seek out
the booster and keep it under surveillance until the remainder of the
reEnvery fleet arrives at the impact site. Upon arrival at the impact
area, the recovery fleet is deployed for the recovery operation.

WiFh the aft deck of the LSD awash, the booster is floated into
pqsition on fixed supports in the LSD well. The well is then pumped

dry, leaving the booster in a supported position for decontamination

and preservation.,

Decontamination consists of a dry air or LN, purge of the LOX

system, an over-all washdown with hot fresh water, and disassembly and
cleaning of critical and special components., After decontamination,
the booster and components are thoroughly dried by purging with hot,
dry air and preserved by the applicatibn of desiccator breather

assemblies,
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The LSD then returns the booster to the appropriate dock (it ig

envisioned that this will be New Orleans) where it is barge-loaded f,,
return shipment to RSA.
As stated previously, dependent upon the magnitude of damage tq

the booster during the recovery action, the booster would be put ejths,

on a transporter or on supports used in the LSD. The recovered booste,

or salvaged components, deemed reusable by inspection specialists

soon after recovery, are transported from New Orleans to RSA by barge,

There unloading is accomplished byroll-off of transporter, or when

too heavily damaged, disassembly in barge and/or lifting the parts

out of the barge by the available 20-ton crane.
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' DECONTAMINATION AND PRESERVATION
' FOR RETURN SHIPMENT

Figure 20. SATURN BOOSTER RECOVERY SEQUENCE



E. SYSTEMS SUPPORT EQUIPMENT LABORATORY TEST FACILITIES

1. Shaketable (Figure 21)

Test facilities available in Systems Support Equipment Labora-
tory include a shaketable for acceleration and vibration testing. The
gshaketable is capable of handling loads up to 10 feet in width and is
adjustable to 50 feet in length, Combinations of three table sizes
and adjustable shaft positions are possible, The table is a variable
frequency (0-30 cps) fixed amplitude shaker and fhe amplitude is ad-
justable in progressive stéps of one sixty-fourth of an inch up to one
inch of single amplitude. The eight table bearings are capable of a
total of 90,000 pounds of vibratory force. Therefore, items weighing
30,000 pounds can be tested to vibratory accelerations of 3g's.

Table frequency is monitored by a shaft tachometer and/or
gear ratio and engine tachometer. Control is obtained by use of a

hand throttle on the 183 horsepower industrial reciprocating gasoline

engine. Automatic frequency control is available for special require-
ments. Aux?liary electronic equipmeht is available for measuring and
recording acceleration, velocity stress, amplitude and frequence during
shaketable operation.

Competent engineering and technical personnel are available to

design, set up, instrument and evaluate tests as required,
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2. Propellant Storage and Transfer

Facilities presently available in Systems Support Equipment

Laboratory for propellant handling, storage and transfer include the

following major items of equipment:

a.. Loading and Measuring Test Tower. This is an 80' tower
supported on a 100'x 150' concrete pad with a 160,000 pound capacity

platform scale for use in loading and measuring tests.

b. Blockhouse. A reinforced concrete earth-covered structure
houses personnel and measuring, monitoring, recording and control equip.
ment to support the test tower operations. Operations at the LOX and
fuel facilities may also be remotely controlled from this blockhouse,

c. LOX Transfer Facility. A 60' x 60' comecrete pad, one-half

under roof and one-half in open, supports one 4000 gallon and one
6000 gallon capacity stainless steel, insulated, 100 psi working
pressure LOX storage tanks for use in both pressure and pump transfer
tests. Alsol on this pad is one 6000 gallon capacity, insulated, 200
.psi‘-warking pressure LOX storage tank which is used in LOX replenish=-
iné testi_ng as well as pump and pressure transfer tests. The pad has
a 3600 psi, -65°F dew point air supply and electrical power supply to
operate motor-driven pumps up to 350 horsepower,

d. LOX Storage Facility, One 75' x 150' concrete pad with
four 35 ton vacuum jacketed LOX storage tanks for low loss storage.

The pad is adjacent to railroad spur track on which LOX supply is de-

livered by rail tankcars.

e. Fuel Storage and Transfer Facility. One 60' x 60' covered

concrete pad with one 7000 gallon and two 10,000 gallon RP-1 storage
22
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cuntainers}' The pad also has a fuel filtering and dewatering unit with
a capacity of 200 gallons per minute, a power supply to operate motor
driven pumps up to 350 hnrsepnwar.aﬁd a 3600 psi, -65"F dew point air
_supply.
e Transgnrtgrs. Facilities for local propellant transporta-
tionand test include:
(1) Three 6000 gallon RP-1 transporters w/1000 gpm pumps
at 60 psi head and heaters for temperature cpnditinéing of fuel.
(2) One 3000 gallon alcohol trailer w/250 gpm pump.
(3) One 5000 gallon kerosene trailer w/250 gpm pump.
(4) Two 7% ton LOX transporters with pumps having 150 gpm
at 75 psi capacity.
| | (5) Two 9 ton LOX transporters with pumps having 150 gpm
at 75 psi head capacity.
(6) Six 4000 gallon LOX transporters.

(7) Two 500 gallon liquid nitrogen trailers with high
pressure pump that deliver 4800 scfm of gaseous nitrogen at 5000 psi.
g. TIransfer Equipment, Additional miscellaneous transfer eqﬁip-

ment available includes:

(1) Two motor-driven transfer pumps with 1500 gpm at 100

psi head capacity.
(2) Transfer piping up to 8 ' diameter and 800' length for
- =

transfer tests at capacities up to 2500 gpm,
(3) Two remotely operated LOX transfer trailers with electric
motor-driven pumps having a capacity of 1500 gpm at 100 psi head. The

trailers are equipped with LOX tanking computers and system controls
23



for accurate missile loading (+.0.1%).

(4) - Six fuel volumetric flow meters ranging from 25p .
600 gpm capacity with an accuracy of + 0.1%.

(5) One electric motor-driven fuel pump with a capacity
of 600 gpm at 60 psi head.

(6) One missile simulator receiver with a 12,000 gallgp
capacity for use in propellant transfer and precision loading tests,

(7) One portable filter-aepargtcr with 200 gpm capacitj_

h. Additional equipment and instrumentation necessary for
temperature, pressure, flow, power, measurements and recording of dats
are available within the laboratory.

i. Competent personnel with broad experience in the field of
liquid propellant handling, storage, transfer and transportation are
available within the laboratory.

Design criteria for a new propellant testing facility for
Systems Support Equipment Laboratory have been proposed, The new
facility includes the needs and requirements of the laboratory for pro-
jecte& future test program for the SATURN missile. The new facilities

would be constructed on a new site apart from existing facilities and

would include & propellant test tower; all propellant storage and trani

fer requirements, complete blockhéuse propellant testing and recording

equipment, power supply and transportation access,
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F. GROUND TEST PROGRAM

1. Prgzllmt Inldir_lg System

Many new items will be required for the SATIRN propeliant load.

ing system which must deliver over eight times the amount of propellants

required by the JUPITER, and with comparable accuracy. These Ltemes will

be tested individually before incorporation {nto the propelliant aystem,

2. Transporters

a. Booster Transporter (Figure 22). A booster transporter,
carrying a dummy booster, will be subjected to several road performance
tests to assure satisfactory braking, steering, turning, and general

handling characterists before it is used for the first road movement

of a flyable booster.

b. Payload Transporter. (Figure 23). A complete test program

will be carried out on the payload transporter and handling equipment
to determine the adequacy of those items requiring special design. A
dummy payload will be used in road tests and in simulated aircraft

loading tests to assure satisfactory steering, turning, and handling

characteristics.

3, Dummy SATURN Booster

a, The dummy booster was fabricated by modifying salvaged
steel tanks and welding them together to simulate the SATURN booster
weight, center of gravity, and overall length, The spider section with
attached faﬁrieation and assemEly rings are required to give the simu-

lated cross sectional diameter to the dummy as well as to serve as

erection rings and support of the missile when in the transporter saddles.
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Welght at pick up and support points is simulated by filling water
tanks over these points to the desired weight, The test equipmen:
sounted on the transporter will be loaded and off-loaded from the
barge to familiarize personnel with the transfer sequence prior to y,
sctual transfer of the flyable booster., The dummy booster will alg,
be utilized to check out the fabrication and assembly jig as to rot,.
tional drive capabilities due to eccentric load applied by the 70"

tanks during assembly. Road test to verify steering, braking, towing,

and road conditions prior to shipment will be checked with the dummy

booster on the transporter,

b. The dummy booster will also familiarize static test tower
personnel with the problems associated with erection, stabilization,
and operation of the 100 ton crane located at the ABMA static test

facilities prior to receipt of the live static test booster.

4., Launcher

As parts vital to a successful launch operation, the launcher
support and hold-down arms will be subjected to structural and function
tests at ABMA prior to assembling them on the launch pedestal.

- 18 in uipment

Individual items of booster upper stages and payload handling
equipment will be tested prior to and during environmental tests and
actual erections and assembly at both ABMA and CCMTA,

6., Booster Checkout Equipment

All components of the checkout equipment will be laboratory
tested and service tested during reliability checkout and static test

firings at ABMA before use at Cape Canaveral on a flyable booster,
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v vertical Engine Removal Equipment

This equipment will be tested in the laboratory and at the

gtatic test tower prior to shipment to Cape Canaveral.

8. Booster Recovery

In order to study that phase of booster recovery in which the
booster approaches and enters the water, the contractor for the SATURN
recovery system has designed a scale model of the booster which simulates
. the center of gravity and pitch moment of inertia. This model will be
dropped, with various velocities and angles of entry, into water having
wave motions. These tests will determine the booster tipover and float-

ing characteristics as well as the inertial loading at various booster
points during impact. After these minimum tests are completed, para-
chute drop tests from different altitudes will be conducted, using about
one-fourth of the SATURN booster mass and one chute. These drop tests
will determine the opening and reefing characteristics of the large
parachute and the shock loads experienced by the simulated booster dur-
ing these events.

Other recovery package components such as timer;s, pyrotechnic
devices, aneroid switches and motors will be tested unlder environmental
conditions to assure satisfactory performance of the recovery system

under operational conditions.

27



SECTION II

MANNED LUNAR CAPSULE RECOVERY
(Water Phase)

A. INTRODUCTION
1. General

A speedy, reliable and efficient system for recovery of the
manned lunar capsule from the ocean after return from a lunar circum-
aavigation flight is required. The utmost speed and reliability are
absolutely essential in this operation. The "loss of the horse far
1ack of a shoe'" would be intolerable at this point. The proposed equip-
ment and techniques are based on experience gained through use of pres
sent ''state of the art" equipmen't'in the actual recovery of the Jupiter
and Jupiter "C" nose cones. The equipment presently aboard typical
navy rescue and/or fleet tug vessels was originally designed for salvage
of large stranded vessels and/or submarines and is not of optimum design
for retrieving comparatively small nose cones or capsules. The prnposed_
system of recovery offers what is believed to be the most infallable
method of capsule recovery over the widest range of sea conditions and
capsule configurations. The system may be readily optimized for any
given capsule configuration from 120 to 160 inches in diameter, from
16 to 25 feet in length, and from three to six tons in weight, This

system utilizes a hydraulically controlled crane together with specially

designed retrieving and handling devices.

2. General Engineering Desiderata

Based on past experience in nose cone recovery and an evaluation

of the advantages and disadvantages of the present equipment and techniques

29



the following geseral characteristics and requirements for & sasmed 1

capouls recovery system may be stated.
¢. Fall-safe method of tracking and spotting the descendgag

capeuie,
b. Rapid transport of retrieving equipment to the poiat of

¢. Speedy deployment of retrieving equipment.

d, Versatile equipment for operation under extreme variatfioms

in sea conditions.

e. Fail-safe method of securing the floating capsule,

f. Sensitive and rapidly reacting equipment controls with the

utmost reliability.

g. Short coupling between recovered capsule and retrieving

equipment,
h., Speed and simplicity in equipment operation.

B. SYSTEM DESCRIPTION

1. Recovery Fleet
In the present state of the art the precise point of impact

of a returning capsule cannot be controlled. Therefore, extensive
fleet deployment in the general impact area may be necessary. The de-
ployed fleet consisting of recovery and auxiliary ships must be equipped
with both radar and visual detection equipment and be augmented by orbit-
ing aircraft., Predictable impact accuracy will determine the number of

ships in the fleet that must be equipped with recovery equipment.

2. Recovery Ship (Figure 24 and 25)

The actual recovery ships must be fast and highly maneuverable.
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The proposed lifting device for removal of the capsnis fram

LR

the vater and placing it on the ship's deck s & hydrawite crame of

the Ducyrus-Erie type as shown in Figure 25, The hydro-crams is In
effect a stiff arm that may be moved in any horizeatal or wertical
direction., The hydro-crane mechanisms are actuated by Migh presswrs
hydreulic fluids ranging up to 6000 psi working pressures. All crames
feactions, including boom swing, lowering, retractiag and Bolstiag e

coatrolled by simple levers and any operator who is familiar with geseval
1



crane operation may be taught to operate this crane in a very short
time. Attachment of this type crane to the ship's deck is accompligp,,
simply by the attachment of the four deck plates and it is felt that
shifting of this crane from one ship to another would be entirely
feasible if required. The crane boom must be modified to provide a
41b boom approximately seven feet in length as shown in Figure 25,
When equipped with two hoisting lines, this modification will permit
the application of present securing devices and will be versatile enoyy
for other future applications. The hydro-crane fulfills the stated
requirements for speed and simplicity of operation, reliability, verga.
tility, short coupling capability, and sensitive precision controls,
5. Hoop Net (Figure 25 and 26)

A hoop net is proposed as the retrieving device to be used ip
conjuction with the hydro-crane. The hoop net is cylindrical in shape
and should have a diameter and length approximately four feet greater
than the capsule to be recovered. Determination of final dimensions
will depend upon the capsule dimensions and whether or not it will
float on its side or nose. Dimensions of the nets may be varied for
recovery of different sized capsules but operating characteristics will
remain the same., The net may be constructed of any fibrous material,
such as hemp or nylon, with sufficient temsil strength to carry the
load of the particular capsule to be recovered. The net is held in
shape and given body by incorporation of several collapsible elastic
hoops along its length. When extended these hoops hold the net in
shape while it is lowered over the capsule. Weights or sinkers placed

near the bottom of the net cause it to sink rapidly over the capsule.
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The bottom Or Open end of the net will be equipped with several cable
clinches with undirectional action through which a gathering or closure
cable will be operated to effect closure of the net. The closure cable
will be attached £; a boom line which may be temporarily secured aboard
ship during the lowering operation. After the net has been lowered over
the capsule, a weight of about 100 pounds attached to a pulley is placed
on the boom line and allowed to run down the cable and effect closure

of the net by its inertia. The weight is then pulled back up the cable
by a retrieving hand line and detached from the cable. With the capsule
thus secured in the net the crane operator may remove all slack from
the line connected to the closure cable and lower the boom to reduce

the distance between boom tip and cargo to effect a short coupling
which, together with jib boom design, will minimize the pendulum and
gyrating effects of the capsule and net., The capsule and hoop het are
then hoisted aboard the ship with the capsule in approximately a
horizontal position. This operation is illustrated in Figures 25 and
26. The hoop net fulfills the stated requirements for speed of de-
ployment and operation, versatility, reliability, and fail-safe method
of securing the capsule. 1In addition, it has operational capabilities

over a wide range of sea and weather conditions as well as capsule

conditions such as distortion and severe structural damage,

6. Operational Sequence
Normal operational sequence for the proposed recovery system

is outlined as follows:

a. Location of capsule.

b. Nearest recovery ship proceeds to point of impact (Figure 24).
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¢, Deployment of frogman team (Figure 25).

d. Removal of parachutes and floatation buoy,

e. Positioning of recovery ship and hoop net (Figure 26A) |
f. Release of net (Figure 26B).

g. Closure of net (Figure 26C).

h. Retrieval of capsule (Figure 26D).

C. PROJECT IMPLEMENTATION

It is proposed that the R&D effort for this phase of the Program
3 ln_ituted in sufficient time to permit the production and prelimimry
test of at least one complete set of recovery equipment as described above
prior to the capsule drop test and training program. It is further
proposed that when the capsule drop tests are conducted the water re-
covery:phase be incorporated in this test and training program. This
will permit a realistic test and provide training on the entire recovery
operation techniques and equipment well in advance of a live recovery,
In this way much valuable experience and training will be gained at

minimum additional expenditure of funds and effort and required modi-

fications can be accomplished early in the program.
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lunar surface exploration, The first soft landed payiosds will %e

stationary packages designed to gather data at the point of impact,
These packages will be followed later by a soft landed vehicle design-

ed to rove a restricted area of the lunar surface in the vic inity of
its point of impact and gather data on surrounding conditions. To some
extent, the stationary payload to bde landed will serve as an RAD
vehicle for improving design of the roving venhicle components. For
example, it is proposed that *he crush bag or deceleration equipment
should be the same for both payloads. Other components and character-
fstics of the two payloads will also be tre same or similar. However,
this section is devoted primarily to a description and discussion of
the proposed roving vehicle. Material presented is not intended as
final data, but is the results of considerable preliminary investiga-
tion of the anticipated problems and will serve as the basis for the
detailed R&D program that will be necesesary "efore final design can be
accomplished. This proposal is made with full awareness of the vast
amount of research and development work presently being performed by
many agencies in the field of small power plants and the many investi-
gations of new applications. However, it is felt that at the present

state of the art the proposed system affords the best solution to the

problem. This section also contains recommendations for the vacuum test



facilities necessary for the R&D program,

2. General Engineering Desiderata

The general characteristics and requirements listed below hawe

been established for the lunar roving vehicle and have been considered

{n the proposed design.

a. Withstand impact on the lunar surface with a velocity of

approximately 60 ft/sec with maximum deceleration of 20g (earth).

b. Operate under lunar environmental conditions as a mobile

vehicle for one full lunar day (daylight).

c. Have a range of 50 miles, be able to negotiate a slope of

15°, pass over boulders 3 - 4 feet in diameter; and maneuver to avoid

larger boulders or hazardous terrain.

d. Due to uncertain surface conditions, it should be able to

travel on thick layers of dust,

e. Total payload package weight limit - 2175 pounds.

f. Total roving vehicle weight limit - 1450 pounds.

3. Lunar Vehicle Delivery Sequence (Figure 27)
During the first stages of the missile flight the lunar vehicle

will be housed within the payload section of the missile third stage
which will have an outer diameter of 10 feet. Therefore, the tires and
certain operating equipment must be in a collapsed condition. Prior
to the beginning of the lunar landing phase of the payload trajectory,
the nose cone and protective cover (airframe) will be blown off the
payload package by explosive charges triggered by a timing mechanism.
This action will be delayed as long as feasible to afford maximum

meteorite protection to the vehicle. When the covers are blown 4t:|rff1°b¢
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wehicle tires will be free to expand immediately to thelr fell slae ot

”““u' preéssure. The vehicle will remain (n this Attitude thr ough

owt the braking and landing phases. Attitude control will be provided
during these phases to insure that the payload package lands i(n an

wpright position and with minimum lateral motion. When the land {ng

phase is complete and the vehicle has impacted on the lunar sur face,

it will topple over from the vertical axle attitude to a horizontal
axle traveling position. The off center CG of the vehicle instrumenta-
tion package will serve to initiate this toppling motion, Blow off or
spring loaded devices used to separate the shock absorber and final
guidance and control equipment from the vehicle may be used to assist
in initiating this toppling action. Once the vehicle is in normal
horizontal traveling attitude the torque reaction arm, the turbo-
generator power plant system and radar equipment will be extended to
operating position by a timing device and the vehicle will be ready
for travel under control of command signals from the earth control
station, This sequence of operation is illustrated in Figure 27. It

should be pointed out that the vehicle shown in this illustration is

an early concept and not the proposed vehicle.
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5, PROPOSED VEHICLE

1. General Characteristics (Figure 28 and 29)
. General Characteristics

The proposed lunar roving vehicle consistg basically of -

16 foot diameter inflatible tires connected by a dead axle. Vehicle

drive motors will be located in the hub of each wheel, Vehicle track
width will approximate 15 feet. The Paylﬂlad of the vehicle wil} con.
sist of a package of electronic equipment which will be irndependentl},
swung from the dead axle and the equipment will be shock mournted in
two planes. The center of gravity of the package will be off-get from
the axle to aid in orienting the vehicle from landing position to
traveling position and to keep the package properly oriented during
travel. Drive torque will be equalized through the employment of a
torque reaction arm extending from the axle to the lunar surface which
will trail the vehicle regardless of the direccion of travel. Wnen
direction of travel is reversed the arm will rotate around the axle to
its new position. A wheel with puncture proof tire will be mounted
on the end of the arm in contact with the lunsr surface. The vehicle
will be powered by a turho-generator operating on a simple Rankine
cycle with mercury as the working fluid. Heat source for the power
plant boiler will be solar energy concentrated on the boiler by a
parabolic reflector.  Electrical energy produced by the turbo-generator
will be utilized to drive the vehicle, operate all instrumentation as
required, and provide power for the instrumemt package cooling system,
The instrument package, which is free to rotate about tHe vehicle axle,

will be mechanically connected to the power plant structure. As it

S,

changes position on the vehicle axle under the influence of lunar gravity
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¢t will act as a pendulum weight to maintain the power plant in a verti-
al position with respect to the local surface.

The allowable weight of the payload package has now been estab-
ished as 2175 pounds. This total weight will consist of the weight
f the roving vehicle plus the weight of the shock absorber and final
uidance and control systems which will be detached from the vehicle
rior to operation. Although the total allowable weight of the roving
ehicle will now be 1450 pounds, it is not considered necessary to
ncrease the design weight to this full allowance. Allowable and design
eight estimates are shown in the breakdown below. Since any increase
n vehicle design weight will require more operating power and a heavier
hock absorber system for landing, the vehicle design weights should
e held to the minimum, All vehicle tire and power requirement cal-
ulations shown in this proposal were based on a total vehicle weight
f approximately 1150 pounds (95 pounds per wheel lunar weight). The
‘ecommended design weight has now been increased to 1260 pounds as
thown in the table below. The net effect of this increase would be
ipproximately a 107% increase in vehicle power requirements or a similar
lecrease in vehicle design speed. Since other adjustments in design
requiremﬂnfs'will be necessary as vehicle development progresses, no

hange will be made in the calculations shown in this proposal.
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NEICRT BREAXDOWN

50 50 '

Separation
Shock Absorber and Mounting 275- 275
GCuidance and Control and
Attitude Control 400 400
Total Detachable Load Weight 725 725
Yehicle
Communications System 125 125
Power Supply (Turbine) 150 140
Power Supply (Batteries) 125 60
Cooling System 250 135 ’
Vehicle Structure, Tires
Wheels, Controls, etc, 525 525
Scientific Payload 275 275
Total Vehicle Weight 1450 l.m
Total Package Weight 2175 1985
2, Xires

a. QGeneral Con ations, The primary function of the vehicle
tires will be to provide a mobility capability during the full peried

of operation, However, the tires will also serye a secondary function
in absorbing the secondary landing shock when the yehicle topples ':Erﬂilll
its vertical landing position to the horizontal traveling positiom. In
the event a true vertical landing is mot accemplished, the tires may

haye to absorb a part of the initial landing shock. Other major facteras

iconsidered in the proposed tire design are listed below.
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(1) Weilght limttetions (109 13e.)

(2) Pemctures snd alr leakage

(3) Tear, sbresion, snd weur

(&) Vitre-violet affects

(5) Omt-gaseing offects

(6) Temperaturs offects

(7) Probability of micrommtecr ite damage

(8) Tire behavior wpon encounter ing beulders

(9) BSecondary landing effects (dempiag)

(10) Operating pressure and method of iafleting

b, Genersl Bescription. The proposed tire is basleally & terws

having an outer diameter of 16 feet, an inmer diaseter of 4 fosat and
& tire cross section diameter of 5 feet. The tire will de comstraetad
of mylar polyester film or similar substance spproxisately § mils
thick. An outer casing of fine wesh titanium er staisnless steal wirss
approximately 15 mils in diameter will be embedded in this material

for added stremgth and protection from puncture by sharp objects,
Operating pressure of the tires will be approximately 1/2 pela. Mier
to launch, the vehicle tires will be collapsed for storage ia the
missile payload section., In this collapsed conditiom the tire will be
{nflated with the amount of air mecessary to sxpand it te full sise

at 1/2 psia after the payload cover is blowm off prier to the lumar
landing sequence, The small differential between the tire pressurs sad
the lunar vacuum will minimize air leakage. The imner surface of the

tire will be treated with a self sealing compound to preveat leakage
from small punctures. Further insurance against immobilization of the

-
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vehicle due to a flat tire can be obtained by dividing the tire ingg
{ndependent segments or compartments or by use of multiple tubes of
small dismeter covered by an outer casing, Either of these systems
may be employed without exceeding the weight limitation of 100 ponndg
for the tires. However, other comsiderations such as damping of
secondary shock may preclude the use of either of these schemes and
final recommendations must be deferred unto further study is accome
plished.

c. Damping of Secondary landing Shock, A secondary functies
of the tires will be to absorb the secondary shock occurring whenm the
vehicle topples from its landing position to its traveling positiom,
The upper wheel of the vehicle must fall from a height of approximately
20 feet to the lunar surface., To preveat excessive bouncing, the re-
sulting kinetic energy of this change in position mmust be abseorbed and
damped. The reactionm force of the tire at any instant during impact
‘will be the product of the area im contact multiplied by the tire
pressure (f = pa) and the energy absorbed will be the mean of this
force multiplied by the total tire deflection (E = Fh). The energy
~ absorbed and stored as potential energy, less damping effects, will be
converted to kinetic energy causing rebound. This process will be
xepeated until the rebound is less than the tire deflectiom., The damp-
ing effects of a simple tire would consist of tire wall flexure, heat
lose due to compression of air in the tire, and compression of the
linar surface., The walls of the proposed tire are yery thin and
flexible, the air compression will be low and of short duration and the

compression of the lunar surface may be assumed to be megligible,
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Therefore, the total damping effects obtained from the simple tire
will be megligible. Several methods of damping this secondary shock
have been considered and are outlined below. However, no firm com-

clusion has been reached as to the best method to be employed.

(1) Over Inflation. Inflate the tire to an initial pres-
sure higher than desired for operation and vent the excess air dur ing
impact. The reaction force would be less dpe to the reduced pressure,
rebound would be less, and damping would be offnntad; For example,
with an initial pressure of 3 psia the tire would deflect about 10
inches on impact. However, if this pressure was vented to 0.5 psia
during impact the tire would deflect about 24 inches, thereby, greatly
reducing the first rebound. A decrease in energy of about 1/4 on
each succeeding rebound would result in approximately 12 boumces bew
fore damping would be complete.

(2) Sponge Filled Tire. Fill the tire with a very light-

weight cellular material. The air in the intercemmected cells of the
impacted segment of the tire would be forced to the other portion dur-
ing impact and would be slow in returning and damping would result, |
However, the volume of each tire is approximately 700 cubic feat and if
a material with only 0.05 1b/cu.ft. demsity was used, aach tire weight
would be increased by 35 pounds. This additional weight cannot be
tolerated with the limitation of 100 pounds for both tires.

(3) Crushable Disc, Fabricate the tire with a central in-
ternal disc of crushable material having an outer diameter equal to

the outside diameter of the tire less 1 1/2 to 3 times the mul de-

flection of the tire as shown in Figure 30. Crushing of the material
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upon impact would absorb emergy and prevent rebound. _Disadvantage, of
this system include added weight, difficulty in arranging the materfs)

within the tire to inpure crushing rather tham breaking under impact,
and the difficulty of arranging the material within the initial diemste,

restriction of the missile payload.

(4) ' Segmented Tire. Rivide the tire into a number of cop.
partments or segments as illustrated in Figure 31. Upon impact, the
pressure increase would be confined to the segment(s) in contact with

the surface. With & tire pressure of 1/2 psia the total deflection upon

impact would be approximately 24 inches and the tire pressure would {n.
creage about 4%. Whereas, with a six segment tire the pressurs in the
segment () impacted wonld increase 12 to 247 aad deflection would ba
correspondingly less. If all segment walls were equipped with one-way
vent yalyes operating in the same directiom (cleckwise or counter-
clockwise), this excess pressure would be vented to adjoining sections
in turn and the gradual equalization of pressure in all sections would
achieve a damping effect. This scheme would nulify the advantage of a
compartmented tire in preyenting completsly flat tires becauss all
sections would gradually vent te lumar vacwum through the pumctured tire,
d. Tire Deflection Calculatioms

(1) leyel Terrain (Figure 32). When a round flexible tire
under low pressurs is rolling on a leyel surface it will deflect and

the area in contact with the surface will become elliptical in shaps.
This area will be equal to the total load on the tire diyided by the
tire pressure (A -g). For purposes of tire calculations, the trayel-

ing weight of the roving vehicle is assumed to be approximately 1150
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FIG.31, COMPARTMENTED TIRE
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FIG, A FIG. B

FIG. B, ASSUME PERIMETER INELASTIC AND OF CIRCULAR CROSS SECTION
WHERE POSSIBLE.
THEN CIRCUM =TD = 4Cy +7 (D=~h)

Ci®= _T h
4

IG. A. ASSUME CASING TIED TO RIM AND KEEPS CIRCULAR SHAPE WITH
ARC IN GROUND CONTACT.
REF, MARKS HB, 5 EDITION, SEGMENTS OF CIRCLES, PP 34-35.
FROM ABOVE REF, TABULATED VALUES WERE EMPLOYED 70 DERIVE
C; X 14VA.
ASSUME CONTACT AREA ELLIPTICAL WITH Cy AND C, AXIS.
AREA = C3 C2T = JLh. VR T = 34.6h 3/2

IF FORCE IS 9§ LBS Pga TIRE THE AREA PRESENTED TO THE
GROUND IS g;
A= 34,6 hi/2 = 95/3
THEN p = 95/34.6 h-3/2

R

FIG.32, TIRE DEFLECTION, NORMAL TERRAIN



gounds (1750 pounds less 350 pounds guidance and comtrol and 2% o o
docnierstion equipment) which will give an individual tire loed of

apprexinately 95 pounds (lunar). Derivatiom of the following formsles

gor estimation of the amount of deflectiom (h) is showm ia Pigwrs X,
A=L «34.6n3/2

4
b= (5) s

Where:
A = area in contact with ground (sq. ia.)
h = tire deflection (in.)
P = tire pressure (psia)
F = total load em tire (force)
(2) Crossing Boulderp (Figure 1J). The werk required te
roll the tire over a boulder is a function of the boulder sise and the

tire pressure, Derivation of formulas to be used Ia sstisating wark

required was based on the following assumptions & Lllsstrated in
Figure 33,
(a) Spherical boulders
(b) Nem-slastic but fully flexible tize seslang
(¢) With tire te boulder comtact, that pevtien of the
tire in comtact would assume & circular cross sectiem with radise I .,
(d) Whem boulders are large, the cemtact ares seppert-
ing the tire will be elliptical and pressure will remais slsset cemstaat,



With these assumed conditions the following formulas were

derived for determining resistance to travel over large boulders:

o F g

h=r+R(R+1) Cos & - 60
b = (2 Rh = h%) 1/2
A= )b RCC
- 23
4 g

Where:
R = radius of boulder (im)
r = radius of free portion of tire (in)

O\ = angle from center of boulder subtended by transverss
contact of tire with boulder (radians)

h = rise of axle caused by travel over boulder (in)
A = contact area of tire with boulder (sq.in.)

p = tire pressure (psia)

b = gemi-chord of boulder in longitudinal direction of
intersection of tire perimeter (in)

These formulas were used for computing the data for the tire
presgure - deflection curves shown in Figure 34, This graph indicates
the ampunt of rise of the axle (h) and consequently the work performed,
(w = Fh) when traveling over large boulders of varying diameter with
different tire pressures. It should be emphasized that the work re-

quired will be a function of the bounder size and tire pressure and
that lower tire pressures will greatly reduce the work required to cross
any given boulder size. The total work required will be performed

over a period from initial contact until the vehicle axle is directly
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mer the center of the boulder. Boulders are comsidered large im this
éiscussion when their cross-sectiom is large enocugh to emtirely support
the tire. Smaller boulders will be largely enclosed by the tire and
vill require some additiomal ground area for tire support. The work
required to travel over these types is small as the actual 1ift of

the axle 15 a small fraction of the boulder diameter.

(3) Crossing Crevasses., In roving over the lumar surface,
the vehicle will at times be required to negotiate crevasses., The

vork required will depend on the width of the crevasse and tire pres-
sure,
With the vehicle axle over the center of the crevasse, tire

h’""i"n at the edge of the crevasse will be:

h-_%"z'_

Where:
R = tire depression

w = width of crevasse

P = tire pressure
When the axle is directly over the eadge of the crevasss,

h - L5 3/2

and reaches the normal

h__miaﬂz

after it travels a distance equal to the major axis of the

contact ellipse (1l& Y h).
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3. Drive Power Requirements

Determination of the maximum power requirements for mobilizatigy

of the roving vehicle was based on the following assumptions:

a. Vehicle speed of 3 mph
b. Zero tire deflection, hard tire

c. Friction loss due to tire-to-surface contact is zero,

(This includes tire material hysteresis loss and surface deformation),
d. Normal travel will be over flat surface with maximum slope
of 15°, Negotiation of 3-4 foot diameter boulders will be required,
A boulder of this nominal size could be encountered on a 157 slopa.
Even though it has been shown that less power is required
to cross a boulder with a soft (low pressure) tire than with a hard
tire, a hard tire analysis is used here to establish a maximum power
requirement. Computation of exact power requiremsnts for seft tires
requires the use of specific data for each situatiom., BSince specific
data required is not known in all cases, the assumption of a hard tire
~ was made for calculation purposes. This will establish a maximm power
requirsment for the most adverse circumstances and will provide a
safety factor for normal operations. Any bouldsr or crevasse can be
‘converted into an equiyalent slope for a hard tirs., In the cass of
boulders, it was assumed that they would be approximately spherical
-and on top of the surface. The maximm instantaneous torqus required
‘Will pecur at the first point of contact and will thenm decrease to Zers
when the vehicls axle is difﬂtiy over the top of the boulder., With
& soft tire, the iacrease in torque will be gradual due to tire de-
flection and the maximum instantaneous torque will decrease dus te a
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decrease in equivalent slope. These two conditions are illustrated

{s Figure 35, The table shown with Figure 36 was compiled to show the
drive torque requirements for the design slope of 15° and the equivalent
slopes for boulders and ditches of varying diameters and widths
respectively, Also shown in this table is the required torque arm
resction for the various conditions. The graph of Figure 37 shows

the relationship between slope and torque requirements per wheel. The
graph of Figure 38 indicates the speed versus torque requirements for

¢ family of constant power curves. These graphs on vehicle mobility

characteristics were based on an assumed vehicle load of 95 pounds (lunar)

per wheel as stated for tire calculations. Total continuous power
requirements for movement at 3 miles per hour on a 15 degree slope
wvas determined to be 0.38 horsepower (0.283 KN) as shown below,
Torque per wheel on 15° slope = 192 ft. lbs (From.Fig. 37)
2

Total torque = 384 ft, 1lbe,

From Figure 38, at a torque of 384 ft., 1bs, and a speed of
3 miles per hour we find that 0.38 hp is required. In the eveat the
vehicle encounters a boulder or ditch of the specified sizes, the ve-
hicle speed will be reduced accordingly, and since power delivered to
the wheel will remain constant, the torque will increase to negotiate
the obstacle. For example, if & boulder 3 feet in diameter is en-
countered by one wheel on a 15° slope the total torque required will
be 934 ft. 1bs. (550 + 384) and the vehicle speed will be reduced to

1.1 mph (From Fig. 38).
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4, Drive and Control System

It is proposed that the vehicle be driven by two separat,
electrical motors in order to accomplish the simple control Systen
desired. One motor, aleng with a plametary reduction gear wilj ka
housed inside the axle at each wheel hub, The motors will be dr {ven
by AC current from the turbo-generator of the main power plaat, Yo
hicle control will be achieyed by using seryo units attached to gg)
moter. Waenm both servos are turming at the same spead their elecrie,
mtpﬁt-nﬂl be the same and will cancel out. Whem their spsads arg
different, their different outputs, when added, will haye a net put.
put which will operate a control mechanism to bring the two whaels g
the same spesd. External signals can be fed to the control mechanisy
to maneuver the vehicle. With a vehicle speed of only 3 mph, control
of the vehicle can be simple yet satisfactory. Time delay effects of
radio and TV signal travel from the moon to earth and back (approxi.
mately 2.6 seconds) tend to make precision control of the vshicle
difficult, The value of & complex systsm, such as spesd comtrol and
yarisble turning rate comtrols, is doubtful largely because of this
time delay effect. A simple "on", "off", "reyerse" control for each
vhesl can be ussd with no proyision for speed comtrol. Maneuver of the
yehicls can bowl.cnm.flilhcd Ry stopping one wheel while the other
‘continues to turn or by stopping both wheels and reversing ome, The
angular "'Fhﬁl!- of vehicle direction will be directly proportieonal te
how long one wheel is stopped. Other important advantages of simple
cpntrols are decreased weight and increased reliability.
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28°

e s {0R

BOULDER DITCH EQUIV.SLOPE TORQUE | TORQUE ARM
DIA. FT WIDTH 3 FT # REACTION LBS.
15° * 192 12.8
.0 750 28° 350 233
2.0 10.00 40° 480 32.0
3.0 47° 550 -+ 36T

4.0 13.00%* 53, 5° 600 | 400

¥ DESIGN POINT

*%DUE TO TIRE OEFLECTION A DITCH OF THIS WIDTH PROBABLY
COULD NOT BE NEGOTIATED

FIG 36.BOULDER SIZE-EQUIVALENT SLOPE VS TORQUF PFAN
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G - ALTERNATE VEHICLE

The vehicle shown in Figures 39 and 40 was envisioned during the
carly stages of the design studies but was later replaced by the pro-
rﬂ”“ vehicle discussed in paragraph B. above. This vehicle resembles
the proposed vehicle in general configuration but has. two torque arms
instead of one. Ome arm would be employed in forward drive and the
other im reyerse. In this version, a TV scanning camera and core drill
would be mounted on each torque arm instead of in the instrument com=
partment as planned for the proposed vehicle. Torque reaction and
{mstrument operation would change from ome arm to the other as the
vehicle changed direction. This vehicle was to be powered by an opgn-
cycle turbine driven electric generator system using a storable pro=-
pallant such as hydrazinme. The instrumentation was to be powered by
a solar cell system. This concept of the lunar roving vehicle was

discarded in favor of the propesed vehicle after a more complete study
was made.



P. INSTRUMENT COMPARTMENT COOLING BYSTEM
1, General

The lunar vehicle payload is considered as the n.tTu‘nt.th
package which it carries to perform the desired investigation of the
lunar environment., The proposed apparatus assembly includes:

&, Teleyision Bystem

b. Gravimeter

c. Beismic Apparatus

d. Thermal Measurement Devices

¢, Bample Collecting Equipment
f. X-Ray Fluorescence and Diffraction Equipment

g+ Gamma Ray Scientillation Spectrometer

This apparatus will be housed in an instrument package syung be-
neath the vehicle axle in the traveling position. All instruments re-
quiring cooling to maintain suitable operating temperatures will be
housed in an insulated and refrigerated compartment within the package.
Bome of the apparatus, such as the sample collector which does not re-
quire a controlled operating temperature, will be housed in an uncooled
compartment of the package during travel and extended on an articulated
arm for operation. Required size of the package cannot be determined
until details of instrumentation and cooling apparatus have been sstab-
lished and final arrangement within the package is decided. Peak load

power requirements for instrument operation must also bs detsrmined

after an operating sequence is established.
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Figure 39.

LUNAR ROVING VEHNHICLE (ALTEam)




Figure 40A. LUNAR ROVING VEHICLE - ALTERNATE (SIDE VIEW)
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2. Characteristics (Figure 41)

Instrument compartment cooling will be accomplished by a re-
frigeration unit operating on a reversed Brayton Cycle. The compressor
w11l be driven by an electric motor which will be operated by power
from the main power plant turbo-generator. After compression, the
working medium will be routed to a radiator where heat will be dissipated
at constant pressure. The design operating temperature of the radiator
will be above the lunar surface temperature. Consequently, the radiator
can emit heat on all surfaces and will not require constant orientation
as the vehicle changes position. The working medium will be routed
from the radiator to an expansion turbine where a considerable additional
temperature drop will occur. The medium, now at its low temperature,
will be injected directly into the instrument compartment for cooling.
The work gained in the expansion turbine will be utilized to aid in
driving the compressor which will reduce the net external power require~

ment to operate the system,

Using Hydrogen as a working medium, this system will provide
the instrument compartment with a gaseous atmosphere at a pressure of
5 psia, The gas will enter the compartment at 38°F and leave at 140°F,
Instruments can be placed in the compartment so that those requiring
the lowest operating temperature will be near the inlet side of the
compartment and those with higher tolerable operating temperature will
be near the warmer outlet side. A system schematic and temperature
entropy chart based on Hydrogen is shown in Figure 41.

With the cooling load of 6,137 BTU per minute the power re-

juirement for the system will be 0.469 hp (0.35 KW). Preliminary
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calculations show that other working mediums such as air or nitrogen

will result in appruximately the same power requirements. Final ﬂhﬂice

of a working medium will be gcye:ned by more detailed study of such

characteristics as leakage susceptibility, chemical reactions within

the instrument compartment and density as related to fluid friction

losses in lines and rotating components.
3. Summary of Calculations (See Appendix I)
Since all factors affecting the cooling system are not known

at this time it was necessary to make certain assumptions. The 1load

and power requirements stated above were determined on the basis of the

following assumptions which are believed to be reasonable enough to

give indicative results.

a. Continuous internal heat load from instrument operation

100 watts (5.688 BTU/min).

b. Instrument compartment size 3' x 2' x 4'; 52 sq. ft,

external surface.

c. Linde S-14 type insulation to be used.

d. Weight of compartment 300 lbs.
The compartment may be supported within the payload package

by structural members or by the insulating material., With either method

of support, the primary considerations will be strength and rate of
heat transfer into the compartment through the supporting members. To
illustrate the wide difference in heat transfer, when using metallic

supports and when using the insulation as supports, calculations were

made on a support system using piano wire suspension and Linde S-14
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jnsulation. Results showed that heat transfer using piano wire would
pe 0.571 BTU/min and using the Linde insulation it would be 0.174 BTU/min.
Therefore, it 1is proposed to use the Linde S-14 insulation as support-
ing members since it has adequate strength for this application.

Two other sources of heat transfer into the compartment must
be considered. These are the ducts used to circulate the coolant medium
to and from the compartment and the electrical lines entering the com-
partment. Since the coolant transfer lines will also be insulated they

will not greatly influence the heat transfer into the compartment and

may be disregarded., However, calculations show that electrical lines

entering the compartment will result in a heat transfer of 0.275

BTU/min.

Therefore, the total heat load on the cooling system will be:

Internal load (100 Watts) 5.688 BTU/min
Load through insulation 0.174
Load through electrical wires 0.275

Total Load 6.137 BTU/min.
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g. POWER PLANTS

1. Proposed Power Plant
a. Characteristics (Figures 42, 43 and 44). The Proposed py
er

plant for the lunar roving vehicle is based on a closed cycle turpg.
generator utilizing a simple Rankin Cycle with mercury Vapor as the

working fluid. This type power plant may be utilized for either of the
two roving vehicles considered in this report. The operating cyecle is
sh;ﬂn schematically in Figure 4Z and a typical temperature-entropy (T-8)
diagram is shown in Figure 43. Solar energy is utilized to fire the
boiler which delivers saturated mercury vapor to the turbine at the po.
quired temperature and pressure. The turbine exhaust is then condensged
and returned to the boiler by the boiler feed pump to complete the
cycle. The total weight of this power plant;, including the working
fluid, will be 100-140 pounds. The selection of a boiler operating
temperature and pressure is influenced by cycle efficiency, heat loss,
engine and boiler metallurgical limits, wall thickness considerations
as related to heat transfer and weight, and quality of the mercury vapor
as it passes through the engine. As the boiler pressure is increased
with saturated vapor conditions, the heat transfer losses by radiation
increase and vapor quality leaving the engine decreases as shown in
Figure 44, The weight of engine housing, boiler and high pressure
lines must be increased as the boiler pressure increases. Thermal
efficiency increases as the boiler pressure is increased as shown in
Figure 44, The metallurgical temperature limit for the turbine blades

is approximately 1200°F. To obtain maximum heat transfer, the condenser

should be operated at the highest possible temperatures. However, when
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{3l TURBO -
: @ GENE RATOR

BOILER e 3

FEED
PUMP
E—
CONDENSER
WORKING FLUID CONDITIONS AT:
(1) h = 160.4 BTU/# (3) h = 13,96
T = 1196° F T = 4577
| - 500 pﬁiﬂ. P = 110
B = 11316 BTU/# - OR S = ,02045
U = .177 £1/5% U= ,00118
(2) h =121 (4) h = 14.0
T - 45?'7 T = 45?4'?
P=1.0 P = 500
S = 1379 U= ,00118
U= 41,1
WHERE:
h = Enthalpy
T = Temperature
F = Pressure
S = Entropy
U = Specific Volume
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inlet conditions are constant, the thermal effic lency of the condenser

decreases when the outlet temperature {s i{ncreased. It {s evident that

a compromise must be reached in establishing optimum condenser operat ing

temperatures. It has been determined that condenser area can be kept

within reasonable limits and a satisfactory thermal efficlency obtained

with the condenser operating at one psia and 457.7° conditions. The

overall efficiency of this power plant will be approximately 17.9%

based on ratio of generator output to solar energy input. An energy

flow diagram for this system is shown in Figure 45,

This system offers the following major advantages over

other systems considered:

(1) Light weight - due to the fact that the fuel supply
is solar energy, the components of the system are lightweight and the

quantity of working medium (mercury vapor) is constant,

(2) The system is capable of continuous operation at
maximum output of 975 watts throughout the daylight period. The ve-
hicle may be halted for long periods to carry out scientific investi-
gations without danger of consuming all the fuel and immobilizing the
vehicle. During these periods the entire power output of the system
is available for operation of instrumentation and the cooling system,

(3) Usable life of the vehicle is not limited by the power
plant., With proper orientation of the parabolic reflector prior to
darkness and proper preservation of instrumentation, the power plant

is capable of operation during each succeeding period of sunlight.
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b. Compoments (Figure 46)
(1) Boiler. The beiler for this power plant comsigt, of

the parabolic reflector, vapor lines, and evaporating vessel. Ty,
parabolic of revolution of the reflector will have a focal length of
three feet and will be approximently seven and one-half feet in dia-
meter. It will be made of lightweight sheet metal having up to 959
solar reflectivity., Geometric accuracy of the paraboloid must bhe very
closely controlled. The evaporating vessel and vapor limes will be

insulated with multi-layered metal foil with a very low infrared
emissivity factor in order to minimize the heat loss.

(2) Turbine. It is generally true that the reciprocating
engine is more efficient than the turbine for small power outputs,
However, material compatibility problems are encountered when using
mercury yapor as the working fluid., These material problems are more
easily obviated in turbine design since there are less moying parts
and there is more accumulated experience in solving these problems
for turbine applications. Since the enthalpy drop of the vapor through
the turbine is small, the velocity of the vapor leaying the nozzle will
be small in comparison to the velocity in a steam cycle. . Therefore,
the mercury vapor turbine can operate with a lower blade speed and,
consequently, lower rotational losses than a steam turbine, Based on
preliminary calculations, a two-stage impulse turbine is recommended.
Indications are that this turbine will have a maximum mechanical
efficiency of approximately 507 and an operating speed of about 24,000

rpm. Speed will be controlled by a governor operating a by-pass valve

which will route the vapor directly from the boiler to the condenser
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when required.
(3) Condenser. Due to the low operating pressure of one

psia at 457.7°F the condenser may be made of lightweight stainless
steel sheet metal. The outer surface of the condenser must be highly

reflective to solar energy and highly emissive to infrared. Assuming

an emissivity of 0.95, a radiating surface of 19,25 square feet will be
required. The condenser design operating temperature of 457.7°F is
well above the lunar surface temperature which makes it possible for the

entire outer surface to be utilized for heat transfer and eliminates

the requirement for constant reorientation as the vehicle moves abgut.

2. Alternate Power Plants
a. Open Cycle Turbo-Generator

(1) . Geperal. Anm open cycle turbo-geperator power plant
using hydrazine as the working fluid was investigated to determine the
feasibility of utilizing such a power plant for the lupar roving ve-

‘hicle. Due to.the low thermal efficiency and high rotational twrbine
losses, the total propellast weight required for & 50 horsepower-hour
power plant would be approximately 600 pounds. Since this greatly
exceeds the 150 pounds total power plant weight (including prepellasts),

.no further consideration was given ta this system,

(2) Characteristics,

. | |
From the relation -L-j-— = Hy - ﬂz

284J
where Vi = 0; V, = 4200 ft/sec ¥ the change in
enthalpy ( 4 H) is found to. be 352 BTU/Ib,

% Altman, David and.D. D, Thomas, Evaluation of Hydrazine as a Mono-
propellant and a Gas Generant, Progress Report No. 9-36, Jet Pro-
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™he following esergy losses ware included in &rriving

at an oversall turdise efficiency:

(1) Bozzle loases.
(1) Rotational losses dus to friction and famming

action of 1dle blades in stages having partial admissiom.
(3) Leakage losses past the diaphragm shaft packing

and past the blade tipe.
(4) The leaving loss due to the kimetic snergy at the

axit of the last blade row.
(5) Loss of energy by conduction of heat through thas

turbine casing.
By adding the above losses, a turbine mechanical

efficiency of 60 percent was estimated. The rotational losses represant
the greatest turbine loss. This is due to the high rotatiomal aspeeds
of a two-stage, eight-inch diameter turbine or & three-stage, six-inch
dismeter turbine with a rotation speed of approximately 25,000 rpm.
If it is assumed that the power requirement for the lunar power plaat
{s 30 horsepower hours, the fuel requirement may be calculated as
fellows:
1 hp hr = 2544 BTU/hr
For 60 percent turbine efficiency the available changes of
enthalpy is 211.5 BTU/1b.. (352 BTU/1b. x 60% efficiency)

M..m = 12.0 1b/hr required

Rease, 30 hrs x 12.0 1bs/kr = 600 1bs of propallant re-
Quired which is four times ths total weight allowed for the
power plaat,



b. Hot Gas Motor Pump (Open Cycle)

(1) General. An investigatiom was also made om a pistem
type hot gas motor pump for lunar vehicle application. BEven though

this type power plant has a much higher thermal efficiency than the
turbine, the total propellant weight required for 50 horsepower-hour
operation would be approximately 220 pounds which exceeds the total

power plant weight allowance., Therefore, no further consideration was

given to this type power plant,
(2) Characteristics. Piston type hot gas motor pumps

ipable of delivering one to three horsepower and weighing approxi-
mately three pounds are commercially available, however, detailed
specifications are not available at this time. Bue to the uanfavorable
results obtained for the open cycle turbine system, calculatioms have
been performed on the piston type using certain thermodynamic informa-

tion from Figure 47 and the following relationm:

- C. 1. T2 P
4 812 cpln?i--lln,% (3)

Where 817 = change in entropy from State 1 to State 2

Cp = specific heat (comstant pressure)

R = Gas comstant

P = Pressure

T = Temperature
By assuming no change in entropy and an exhaust pressure, the propellaat
necessary to.drive the two horsepower motor pump.can bs calculated.
. For chamber temperatures around 1300°F the specific heat ratio (V) and
‘the molecular weight (¥) can be found from Figurs 47. .Using these
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values and an assumed exhaust pressure of 1.0 psi in equation (3) above

a change in enthalpy of 970 BTU/1b is determined. If a mechanical y

effieicney of 60 percent is assumed, the total propellant weight req“irEdJ

is approximately 219 pounds which exceeds the total power plant weight

and eliminates this system from further consideration.

¢c. Solar Cells. Since solar radiation on the lunar surface hag

such a high intensity, the use of solar cells as a means of power con-

version was investigated. Solar cells have the characteristics of luging“

efficiency as their operating temperature increases. Under ideal labor-
atory conditions, solar cells will operate at an efficiency as high as
10-12%. However, for use on the lunar roving vehicle, the conditions
are-anything but ideal. An operating temperature of around 200°F can
be expected with a resulting efficiency of from 4 to 5%.

Vehicle power requirements, including both mobility and
electronics equipment, amount to approximately 650 watts. Solar cell
area required for this power output would be about 160 square feet. It
is obvious that with this much area required the use of a solar cell
power plant would result in a very impractical vehicle,

d. Hydrogen-Peroxide. The most efficient power plant using
H202 as a monopropellant would require about 8 1lbs of fuel per hp-hr,
Again assuming a 50 hp~hr power requirement, the required fuel would

weigh 400 1bs which exceeds the 150 1b weight limitation,

e, Hydrogen-Oxygen, From an efficiency and weight standpoint
the hydrogen-oxygen power plant is the best as far as open cycle systems
are concerned, It appears from published data and preliminary calcula-

tions that 2.5 1b/hp-hr can be expected. Again assuming a 50 hp-hr
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-requirement, the fuel requirement would be 125 1bs. Cryogenic storage
of the Hydrogen and Oxygen for 14 earth days under lunar envirommental
conditions would be a difficult problem. Additional fuel would have

to be provided to compensate for losses due to beil off.  Preliminary
{investigations indicate that this boil off rate could not be kept low

snough to make this system practical.

63



F. BACTE AL MINER FTRTES

b el
Seteraisst ion of the slecirical power system to b wend - 0,

lnar towing wehicie s dlctates ¥y cartaln aown Tequireneats and
dharacterioties secessary for operation on the lunar surface amd >y
sloctrienl sguipment which will be svaliadble by the proposed date of
wae. T baalsc wystems, A, C. and D, C., were studied and an optimue
solution for this application was extrapolated from calculations aad
sqvipment date. The selection of the electrical generating and drive
soters 1o governed by the following general requirements:

6. The mechanical driving unit should operate at a very high
rpw (in the order of 25,000 rpm) with & maxisum continuous power output,

b, Operate in & vacuum,

¢. Operate at temperatures in the order of 600°F,

d, Weight should bde kept to a minimum,

e, REfficiency should be high,
f. Operate for long periods of time without external comtrol,

In sddition to the above general requirements, a small storage
battery and conversion pack must be included in the system to permit

spproximately 10 minutes emergency operation of the vehicle. This will
enable the vehicle to be withdrawn from a shadow in the event time de-

lay in signals permits (t to travel into a shadow that obsecures the
solar mirror.

. Ixeposed Pyetes (A.C.)
6. Gepsrator. A one KVA, three-phase, 400 cycle gemerator will

et the necessery power output requirements, With a permanent magnet

b4



- conatreet lon, it will operats withow: Cildlag v sapueed s lentr ee
et Be probhiems are anticipetsd whaen TPRT 00 (ag 0 TR reupe e od
L et tempatr atures and I & vaowes,

. Motors. Ome presentiy svallebile A, €. sstee N eme e
ees genaTal requirenents is ™he Nypetem sotawr. 12 12 » -miipis s
wtor vhich combines the deniradie fTeatwres of e et lam. Aetevenie
i the D, C. excited synchromous meter. It 1o ewelleble ta steee fren
100 to one horesepower for any frequescy, woltage, end spned. and will

perate in & wide range of asbilent conditions seeh a0 ander -iar, »

s vocwum, etc, It can be made in special shapes ta 111 & warteony of
spplications. It embodies & new rotor design WAleh can Mo spereted
single or polyphase, Essentially 1t (s & ool 4 Sagaet la strweture el
tour regions having differeat electrical and magnetic propertios. Me
otor is of & permaneant magnet type and no sliding contents e 1o
uired on the rotating portion of the sotor, NMoter dealigs Indilaates 1ha
wn efficiency of approximately 855 1s obtalnable, that 11 san M sper e
ted at sychronous shaft speeds as low as 200 rpm  and ot Lower shals
speeds 48 a reasonably efficient induction soter. Mesent dats Ladi-
cates that a 0.25 hp motor can be homed 1a & case 1™ Llong s " In
dlameter and will weigh six pounds. Two of these stors will B ree

quired for the drive system,
c. System Charascteristics, Based om the gemaral reqeiresssts
stated above the feollowing characteristics of the A. C. systes have

been determined;
(1) 24,000 rpm is satisfactory for s A, C. sltewnatow .

(2) The A.C. units Save 20 sliding & sapused contaats s
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can be designed to operate satisfactorily in a yacuum at temperaturgg

of 600°F.
(3) Estimated weight of the A.C. electrical system g 25

pounds, When added to the estimated power plant weight of 110 poupg,
)

this will give a total power system weight of 135 pounds which is yigy.

in the allowable weight.

(4) The overall system efficiency is satisfactory as shown

by the following calculations based on known A.C. component character.

istics.

Alternator Qutput

Input to alternator (From Figure 45)=-=-eeeccee-e1150 wattg

Altermtar-output--------.---'........-..---..-.-..---..- 975 watts
(Efficiency 85% @ 24,000 rpm).

Drive Power Requirements
Design vehicle drive load is 0.38 hp (283 watts) at 3 miles/

hr on a 152 slope requiring 380 foot pounds torque (From Figure 38).
Drive Shaft Output @ 5% rpm and 400 ft. lb,-=--- . 283 watts

Required Input to Reduction Gearge=====- cem——————— 349 watts
(Efficiency 81% @ 300 rpm in - 5% rpm out)

Required Input to Motor (Total Drive Load)------ 411 watts
(Efficiency 85% @ Rated RPM)

Where conditions other than design conditions are encountered,
such as crossing a boulder or other obstacle requiring higher torque, the

speed will be reduced and drive shaft power available will also be re-
duced due to lower motor operating efficiency as shown below. However,

the total drive motor load will remain the same as shown below.
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83 L D ]
Required Input to Reduction Cears- - ceeeeoeoo.. 29 e
(Efficiency BI%1 @ 57 rpm 1a - 1 rpm owt) e
Required Input to Motor - Total Drive Loed--w-.. 4
(Efficiency 49% @ 197 rated rpm) m
Cooling System Power Requirements

The net instrument compartment coolisg load will be 0.44%

hp (350 watts) (from cooling system calculations). Therefore the tetal

{nput to the compressor drive motor will be:
Shaft Output - Compressor Drive Motor--«-.... o 3% watts

Required Input to Motor (85% eff)----ccceeea... 411 wetts

The total comtinuous power load for instrument operatiom

28 assumed to be 100 watts and the vehicle control load (s estimated
to be 14 watts. However, the total power output of 975 watts less the

cooling load will be available for special instrument operation such

as sample collector operation, when the vehicle is halted. The total

power requirements will be:

Prive load-~cverrcrccrccccccccnncnccnnnnen cemene 411 watts
Cooling loadecvccc-ceccnccccncccncccconca ceewee &l1
Instrument load----<-cccccccccncnccccccnes coeees 100
Control load----c-ccccccccnrccccnccccccce" ceeee 14
Total load-~~ccccmccccccccccncccncs 936 watts

Since the generator output will be 975 watts the net power

available for charging a battery pack and/or other contingencies will be:

Generator QUtpUt-ccccccccccncmcncacenes cemenene 975 watts
Calculated load---~cccccccccncs M= p—— T
Power Available for Other Uses 39 watts

&)



)., Altersats Power Systen (h.C.J

iavestigation of a D.C. power sysiem based on knowm component s

ves made and 1t was determined that the system vas unsatisfactory due

to the following characteriastics,

s, 12,000 rpm is the nominal limit for a D.C. gemerator if

excessive brush wear is to be avoided. This is unsatisfactory for direct

turbine drive,
b, The standard D.C. system requires the use of brushes. The

effects of lunar enviromment on exposed brush operation have not beaen
determined. MNowever, it is felt that many technical problems would be
sncountered, The requirement to operate at 600°F temperature will re-
quire special brush holder construction and special brushes. BSpecial
seals would be required Lif pressurized containers were required. Brush-
less D.C. motors have been built, but only in small fractional horse-
power sizes. This technique requires considerable development and
operating efficiencies are not known at this time,

c. Total weights for D.C. systems were estimated based on full
time and part time operations as shown below, In all but one case of
intermittent operation the estimated weights exceeded the allowable
weight, These calculations were made by taking the total wattage load
calculated, rating this by percent of available capacity, and estimating
the weight of the mechanical unit from this percentage.
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Blec. System Power Plant Total

Weight (Lbs). Weight (Lbs). Weight (Lbs).
Full Time Operation
Rated Speed -
High Torque 40 215 255

17 erating Time
1l hr in 6 hrs 80 80 160
10 min, in 60 min., 42 82 124
On the part time operation system, batteries would ba used
o supply peak load demands, thus minimizing power plant output re~
uirements and sice of plant,
d. The overall efficiency of a D.C. system would be unsatis-
actory as shown by the following calculations:

Generator Qutput

Input to Reduction Gear (From Figure 45)-ecececee-1150 watts

Inwt to Ganar.tar-n-r---ﬂ--n---—---uﬁ--—-u-------.1035 watts
(Efficiency 90% @ 12,000 rpm out)

Generator Qutputeccecceea - —eeemee—— -- 228 watts
(Bfficiency 807%)

‘Drive Power Requirements
Design Drive Load 0.38 hp - 283 watts (Figure 38)

Drive Shaft Qutput @ 5k rpm and 400 ft, lb.~e=ee- 283 watts

Required Input to Reduction Gear-- 393 wa
b Rl R L L L T T T T8 tt.
(Efficiency 72% @ 4000 rpm in - 5% rpm out)

Required Input to Motor (Total Drive Load)~=ew-
(Efficiency 70% @ rated rpm) ve Load) .56§ Natts

For unusual conditions such as crossing a boulder or climb-

g8 & hill requiring higher than design torque, power requirement will
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increase even though the speed will still decrease.

Drive Shaft Output @ 2 5/8 rpm - 1200 ft. lbe=====- 424 wattg

Required Input to Reduction Gearge======ewweeececcee 590 wattg
(Efficiency 287 @ 2000 rpm in) pt
{0

hquirnd Inwt to Hntor-r--—--n--n—-----------.h--_112". wWatts
(Efficiency 57% @ 1/2 rated rpm) e

Cooling System Power Requirements

Assuming the same cooling system load of 350 watts as before:

Shaft OQutput-Compressor Drive Motor--«--c-c-eccce-. 350 watts
red ut to Motor (70% eff,)~==ceccccccaca. - 50
Requi Inp o ( ) 0 watts

Thus, assuming a maximum continuous D.C. input of 105 watts

to the instrument compartment and 14 watts for controls the total load

for normal operating conditions will be:

will be:
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Drive load @ rated rpme=cesccrcccccce= - 562 watts
Cooling Load (D.C. Drive)eeeecccccccccea- ceeemncee=s 500
Electronic Equipment (D.C. Input)=eeewew-- cemmeee- 105
Control Loade===weecmeeccmcncnccnncerencncncncnercnx 14
Emergency Battery Packe==-=-ececccccccccccccnccccce- 139
Total load-===remecrccccccccnncnnccena=]1220 vatts

When operating under other than normal conditions the load

Prive Load @ 1/2 rated rpmee===ereececa- —eemme—a- -1124 watts

Cooling Lead (D.C, Drive)s=mrecmecccanccscccaccaaca 500

Electronic Equipment (D,C. Input)=-eceee=- wmemnne=e 105
Control Load-==ecccecaccccax - et L
Emergency Battery Packee-ecccncwccnnccnccnca cemmens 3

Tﬂt‘l In.,d--n--------——----------n--nnliiz I‘tt'



Obviously, either of the above cases requires far more
power than the 828 watts output of the generator. Therefore, a full

{me operation D.C. system is considered unsatisfactory for use with the

proposed power plant,



G. LUNAR LANDING SHOCK ABSORBER

1. General Des Parameters

Present planning for the final phase of the landing sequenc,

for the lunar payload (stationary package and roving vehicle) ig o

free fall to impact following a braking stage to achieve a full stop,

The permissible impact velocity is somewhat higher than the planned

velocity to be attained during free fall to allow for any residual

velocity which might remain after the last braking stage. Established

parameters for this phase of the landing which affect the shock absorber

design are:

b.

C.

e.

k.
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Maximm permissible impact velocity - 17-20 M/Sec
(60 ft/sec mean)
Maximum permissible deceleration - 20 g (Earth)
Gross payload weight - 2175 1bs (Earth)
362 1lbs (Lunar)
Maximum weight of shock absorber and - 275 lbs
mounting

Same shock absorber design to be used for both the
stationary package and roving vehicle.

Contamination of lunar surface at point of landing
is permissible for the roving vehicle but not for

the stationary package.

Payload will have attitude control during free fall
phase to insure proper landing attitude.

Maximum permissible take off diameter of shock absorber
device is 120 inches (missile payload diameter).

Rebound of the payload after impact must be minimized.

Stationary package must come to rest with unrestricted
access to lunar surface for core drill and sesimograph

operations,

length of shock absorber device must be held to minimum,



2. Basic Calculations

2
g = 1/2 Mv2 = 2175 % 50C = 121,000 £t 1bs (154 BTV)

gince the maximum permissible deceleration is 203 (sarth), the

caximm force of deceleration will be (assuming a rigid lunar sur face)

ot =2 x 205 = 20v =30 x:2175 = 43,500 1be

To prevent rebound, all of the kinetic emergy must be absorbed

'Fl;iuring ¢ Therefore, the required deflection (8) of the shock

absorber device must be:
121,000 ft 1bs . 2.8 ft. = 34 in,

s=% = 5460 oo

Time of deceleration will be:

w28 a2x2.8 a0,093 Sec.

W 3. piscussion

An ideal solution to the deceleration problem for the lunar pay-
load would require the shock absorber to absorb the 121,000 ft. 1bs. of
energy in a distance of 2.8 feet with a constant deceleration force of
43,500 pounds. Under such ideal conditions the load deflection curve
would appear ae shown in Figure 48A. With constantly increasing decelera-
tion force from zero to maximum allowable the curve would appear as shown
in Figure 48B. However, the laad-delfectiun_(streu-:trnin) curves of
fm materials do not coincide with either of these conditions., The
curves for most common structural materials will appear somewhat as shown
in Figure 49A, The curves will vary for each material depending upon
its proportional limit, yield stremgth, ductility, ultimate strength, etc,
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The stress-strain curve of some industrial type shock absorbing materia)g

and metals may depart from the straight line portion of stress-strain

curves (Hooke's Law) as shown in Figure 49B. However, unless the rupture
strength of the material is exceeded the elastic hysteresis will cause

the material to partially return to its original condition as shown by

the dotted line in Figure 49B., This is desirable for industrial appli.

cations but would cause undesirable rebound in the lunar payload appli.

cation. Other undesirable features of such materials are high unit

weights and small unit strain (deflection) which would require excessive

length and weight for the payload shock absorber.
Other major comsiderations in the shock absorber design are

the effects of other than vertical impact, lateral motion of payload

at impact, and impact on uneven terrain.

A shock absorber for this application should be relatively
simple in operation and at the same time it must have the necessary
characteristics to insure complete reliability under somewhat un-
predictable impact circumstances. Very accurate calibration will also
be moet important. It is not intended to propose a solution to this
problem at this time. Several possible solutions are discussed below
to indicate the range of possibilities being considered.  Each
possibility listed, as well as others that may deyelop, must be more
thoroughly investigated and tested before arriving at a "best" solutionm.

4. Possible Solutions
a. Corrugated Cardboard., A common crushable material consider=

ed for use in the shock absorber was corrugated paper. A stress-strain

curve obtained by static loading a sample of this material is shown in
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gigure 50. It shows that a rather constant load is held with increasing

strain as desired., However, total strain is only about 50% of original

length which would require an {nitial shock absorber length of approxi-
mately six feet, Calculations show that approximately 570 pounds of
material would be required te absorb the 121,000 foot pounds of emergy
{n three feet of deflection. The acceleration time history of this
materisl under impact loading is not known, but is not expected to be

wvorable,

b. Cellular Styrofoam. A stress-stain curye obtained from a

static loading test of a common cellular plastic styrofoam is shown in
Figure 51. A relatively large amount of energy is absorbed under con-
stant load which is desirable., However, the total strain (useable
deflection) is only about 50% of the initial length of the sample tested.
Calculations show that only 26 pounds of this material would bs required
to absorb the landing shock of the payload. However, this material has

other characteristics as listed below which preclude its use as a lunar

shock absorber.

(1) Becomes brittle at impact load rates resulting in an
unsatisfactory deceleration time history.

(2) Life in a vacuum is unknown but doubtful,

(3) Cells contain gas that would be released om impact.

(1) General. The mechanical properties of copper and

aluminum are well known at impact loading rates and these properties

are not expected to be adversely affected by vacuum conditions. The
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¢ of energy absorbed by these metals upon deformation increases
amount ©

{th increasing loading rates and decreasing temperatures. Since the
w

temperature within the shock absorber can be controlled by controlling

the reflectivity of the outer surface, almost ideal energy absorbing

conditions could be established.

(2) Copper Wires.
{re under static loading 1is shown in Figure 52, Calculations

A stress-strain diagram of a soft

copper w

show that approximately 40 pounds of wire would be required to absorb

the energy load at impact. The total strain exhibited is only about

35% of original length. However, by arranging various lengths of coiled

wires in a device similar to that shown in Figure 53 the total strain

of all wires could be utilized. It would be necessary to carefully

select the length and size of the wires to obtain an overall stress-
strain curve which would show a constant deceleration load over the
minimum deceleration distance. However, the total required length of

the device would be in excess of six feet or twice the minimum de-

celeration distance.
(3) Aluminum Diaphragms, An alternate method of utilizing

the energy absorbing properties of deforming metal is shown in Figure
54, This method would probably be easier to "package' than the wire
scheme described above but would still require about the same total
length of device. In this scheme, a stack of thin aluminum sheets would
be arranged within a round container. Upon impact the smooth rounded
plunger would deflect and finally rupture successive sheets or dia-
phragms. Several sheets would be in contact at any one time. The

shape of the plunger would insure that maximum area of each sheet was
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plastically deformed to the fullest extent before rupture, thereby re-

ducing the total weight of material required.

d. Shearing and Deforming Metal. Two possible methods of }

combining shear and deformation of metal to absorb the landing shock

b

are illustrated in Figures 55 and 56. Both devices illustrated utili{g
cutting knives on the lower or contact plate to shear a cylindrical f
sleeve along vertical milled lines as the sleeve is forced against the'

cutting edges by the force of impact. In order to utilize the minmf_.

'

deformation properties of the metal, the sheared strips of metal are |

'

forced into concentric coils by the shape of the cutting knife footing.:
The same principle is employed in both devices illustrated. However,

' the single column device shown in Figure 56 has the added feature of

i PR R DI R A A

‘a ball-joint mounted contact plate to permit landing at an angle or on

uneven surfaces. Both devices have the advantage of minimum length
requirements. However, as with all other schemes mentioned, the pro- g
blems of lateral motion during impact and other than vertical impact

have not been completely solved.

e. Gas Bag. Although it has been stated that the use of a gas
filled bag as a shock absorber is undesirable (for stationary payload)
due to contamination of the surface by venting or out-gassing, the
characteristics of one such scheme are presented for further considera-
tion. This scheme would employ a gas filled bag to absorb the energy
at impact by compression and throttling of the gas. The vented gas
would not be allowed to escape to the surrounding space but would be

contained by a second and larger bag as illustrated in Figure 57. This

scheme would offer the advantages of maximum deceleration force through
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minimum distance resulting in minimum length of shock absorber. Vibra.
tion would also be reduced to a minimum by this method and it {g fe],
that overall weight would be reduced due to the fact that a gas would
be used to absorb the energy. This system would also partially
alleviate the problem of other than vertical landing and lateral motion
during impact. Illustrative calculations are shown below based on the
assumption that Hydrogen gas will be used and that the shock absorber
bag will be 10 feet in diameter, 2.8 feet long, and initial pressure
will be 3.8 psia at 0°F. Volume of the bag will be 220 cubic feet,
Where:

M = Total weight (1bs.)

P = Pressure (lbs/in?)

V = Volume (ft3)

R = Constant (ft 1bs/1b °F)

T = Temperature (°F)

E = Energy (BTU)

Cy = Specific Heat at Constant Volume (BTU/1b °F)

Then:

_ BV (3.8)  (144) (220) . 34 1p.
M=3T " (767 (460)

AE=MC At
154 = (.34) (2.43) (Tp - Tq)

Ty = z____il%ﬁlzss. + 460 = 646°R = 186°F
T AT R R 460 = 646°R

P1Vy _  P2V2

T1 T2
Vp = 20 3 646) = 310 £t3

/8
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5. Conclusions

Obviously there are many other materials and combinations of

materials which must be investigated before arriving at a solution to

this problem, Much of the work previously accomplished in this area

was directed toward human tolerances to acceleration, but it is felt
that some of the data obtained may be of value in future development
work. At the present time, it appears that the most likely approach
to the solution of this problem lies in the deformation and/or shear
of metallic materials. However, the gas filled bag has possibilities

provided out-gassing after impact can be eliminated.



H. PROBLEM AREAS AND WORK SCHEDULE

1. Problem Areas
It can be expected that many minor problem areas will develop

as the development of the lunar roving vehicle progresses. However,
no insurmountable problems can be foreseen for the proposed vehicle.

The major anticipated problem areas and the proposed solutions based

on present knowledge and experience are listed in Table I.

2. Priority and Work. Schedule
Complete cooperation and coordination of efforts between

the various agencies concerned with development of the roving vehicle
will be necessary in order to establish and attain an acceptable targe
date for completion. A Tentative Priority and Work Schedule for the
Roving Vehicle is given in Table II.
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PROBLEM AREAS IN DEVELOPMENT OF THE LDONAR ROVING VEHICLE

urbine Bearing Non-lubricated bearing capable of operating
in mercury vapor atmosphere at 1200° F,

Alternator Bearing Lubricated or non-lubricated bearings

capable of operating at 300° F in a
vacuum,

Lubricated: Use low vapor pressure
Jubir-icant such as "Convoil-20%

2(10™° mm Hg @ 100° C) in conjunctiion
with seal to limit leakage to a tolerable
degree and ball or roller bearings.

Non—lubricated: Same as turbine,

Same as lubricated altermator.

Wheel and payload
pivot bearings

Lubricated bearings capable of operating
in a vacuum at 300° F,

Deceleration Device Utilize energy required to shear metal,

Develop decelerator capable of absorbing
energy of impact at constant rate of de-
celeration and not exceed the imposed

veight limitation,

Labyrinth type for turbine and 1lip
seals or carbon ring seals for wheels,

alternator and payload bearings.

Develop efficient low friction seals to
operate in a vacuum and at temperatures
ranging from 300 - 500° F,

*High Vacuum Vapor Pumps ~ Rochester Division Consolidated Elsctrodynamics
Bulletin 6-1, Vanvary 1958
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. GROUND TEST FACILITIES

1. General

In order to meet the work schedule as proposed i{n Table II
(Preceeding Chapter) the facilities required for lunar environmental
simulation testing must be available by 1 July 1961. A complete study
is presently being made to determine the requirement for additiomal

facilities at ABMA necessary to accomplish this testing. It appears now

that a large vacuum test chamber will be the major additional facility
required. This requirement and proposed solution is discussed briefly
below. More details on the vacuum chamber requirements and other re-
quirements will be included in the complete Ground Test Facility Re-
quirements Report now being prepared.
2. Vacuum Facility Requirements
General requirements for the vacuum test facility are listed

below.

a. A vacuum system large emough to enclose a vehicle 24' x 20'

x 24' high at pressures of 10> mm Hg or below. Incorporated within

this chamber should be:

(1) Moveable overhead solar radiation spectrum capable of
420 BTU/hr/ft2 {ntensity. This solar radiation source should be con-

structed so that the emitted rays are parallel to one another aad

completely encompass the vehicle,

| (2) A heat sink of LN, or some other suitable cryogenic

fFluid to simulate outer space, should be located along the walls and

portions of the ceiling.
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(3) An infrared radiation source covering the chamber floor

and lower walls to simulate radiation from the lunar surface.

(4) Instrumentation for all required measurements (tempera-.

ture, pressure, etc.) on the vehicle and throughout the chamber.

(5) Provision for simulation of lunar surface conditions

(dust, etc).
(6) Provision for impact testing of shock absorber.

b. A relatively small vacuum chamber, for example (6' dia.

x 6' long), capable of 10-9 to 10-1l mm Hg for component testing.

Incorporated within this chamber should be an ultra-violet and infrared

radiation source.

3. Existing Facilities at ABMA

Vacuum test facilities now available at ABMA are located in

Buildings 4619 and 4750. These facilities are enumerated and des-

cribed below:

a. Building 4619

(1) Cylindrical Chamber.
It is equipped with a 32" diffusion pump

This chamber is four feet in

diameter and six feet long.

having a pumping speed of 15,000 liters per second. This pump is

backed by an oil ejector pump which is in turn backed by a Kinney

pump. A second Kinney pump is used for roughing. The diffusion pump
has a "chevron" trap on the intake (upper) side whigch is filled with
1IN, to distill the oil which might otherwise go into the tank. This
cuts the pumping speed about 407% but will permit a lower pressure to

be obtained in the tank. Above the chevron trap is a right angle valve

which also reduces pumping speed but enables the tank to be let down
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ro dry air without affecting the diffusgion pump. The tank is assembled
directly to the right angle valve. The ejector pump and the Kinney
pumps are located below the tank on the floor level. The tank is
apout 10 feet above the floor. The 32" diffusion pump requires about
rwo hours warm-up time after which the tank can be reduced to 2 -« 5 x
10-6 mm Hg in about one hour. A low empty tamk pressure of 5 x 10~7
(3.8 x 10"10 atm) has been reached after about one day of pumping.

A proposal for a change to increase flexibility is
now being processed. For this change the present tank will be re-
placed with & manifold approaching a cube in shape with a 48" opening
on each face. The diffusion pump would be attached to the bottom with
a straight-through valve. The top and the four side ports would be
available for special tanks as needed or be blanked off. The 48"
bottom port would allow a 48" diffusion pump (which has just recently
become available) to replace the present 32" pump, allowing a larger

tank to be used. The new system should be available about 1 December

1959.

(2) Tenny Walk-In Chamber, This is a 7' x 8' x 10' tank
with steel lining and insulation between the lining and the tank walls.
Low pressure is about 300 microns (2% x 10"%4 atm) and temperature

environments from - 100°F to +300°F can be created. Only mechanical

pumps are used.

(3) Tenny Explosive Chamber. This unit is four feet in

diameter and five feet long. Pressure equivalent to 80,000 feet

altitude is obtainable. The same pumping system is used for this

chamber and the walk-in chamber,
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Special studies are carried out in

(4) Special Chamber.

another chamber which 1is approximately a four foot cube in shape,

b. Build 4750

There are several large vac

{s a long cylindrical tank having a volume of 42,000 cu. ft. with an
The inside diameter is

uum tanks in this building., One

opening at the end about six feet in diameter.

about ten feet, The tank is vented to some large stacks which have

steam ejectors at the top for removal of large quantities of gas.

These are not presently being used. Another tank of similar shape

but slightly smaller is attached to the same pumping system. Both

of these tanks have been used for missile testing operations and are

too dirty for "clean" use. The low pressure capability of these tanks

is equivalent to approximately 100,000 ft. altitude or about 4 mm of
mercury. There is a third tank which is quite clean and is painted
white on the inside, It is a cylindrical tank 12 feet in diameter

and has a volume of about 9,000 cu, ft. All of the tanks are piped

to the same pumping system, which consists of two Fuller pumps driven
by a 200 hp motor. The low pressure capacity of these pumps according
to their name-plate is 29,7" of vacuum, which corresponds to 5.4 mm
of mercury pressure. This appears comservative since lower pressures
have been reported. The Fuller pump has an eccentric rotor with slid-
ing vanes which are forced outward by centrifugal force and wipe the
walls of the cylinder taking out the lit'.: These are highly efficient
for moving large quantities of air but are not capable of pumping

low pressures because there is only line contact between the vanes
and the cylinder walls,
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4. Proposed Vacuum Facilities

such a facility de

constructed at ABMA., Details on this facility cannot be stated a:

present. However, the large chamber should imclude a full size end

opening to permit passage of the lunar vehicle and test equipment,

A personnel air lock and observation windows must also be provided.

Since the extremely low pressures cannot be approached in large

chambers with presently available equipment it is proposed that most

of the system tests be conducted at pressures in the order of 10"5 o

Hg. However, the small component tests and studies of the effects of
near vacuum conditions on such items as low vapor pressure liquid
lubricants, out-gassing of materials, and bearing friction will be
conducted at much lower pressures in a small chamber at pressures in
the order of 1072 to 10™!! mm Hg. Selection of the pumping system
components will depend upon the time that may be allowed for pump-
down, the out-gassing of materials in the vehicle and equipment, and
the required minimum pressure. The chamber should be provided with
facilities for creating the wide range of temperature conditions ex-
pected during the lunar day and night. Sufficient heating elements to
produce 420 BTU per square foot per hour in the solar spectrum over
the floor area will be placed in the upper portion of the chamber to

simulate the radiant heat from the sun. The upper surface and sides of
the chamber wiil be covered with plates containing tubing through
which LN, 1is ciruclated to create a heat sink simulating outer space.

The plates and tubes will be treated for high emissivity on the inner
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side and high reflectivity on the side next to the chamber, They wili
be supported by stainless steel wires for low conductivity,
Further details on this proposed facility will be forthcoming

in the report mentioned above.



APPENDIX I
INSTRUMENT COMPARTMENT COOLING SYSTEM CALCULATIONS

1. General Assumptions

a. Continuous internal heat load from instruments 100 watts

(5.688 BTU/min).

b. Instrument compartment size 3' x 2' x 4' = 52 8q. ft. of

gurface area.

c. Linde S-14 type insulation to be used.

d. Weight of compartment 300 1bs.

The instrument compartment will contain only those instruments
which will not operate under lunar environmental conditions., The
{nstrument compartment will be a separate insulated temperature cone
trolled compartment within the payload package. Either structural
members or the insulating material may be used to support the compart-
ment within the payload package. Regardless of which method of support
is used the prime considerations are strength and minimum heat transfer
into the compartment. An example of a design using structural members
to support the instrument compartment would be to suspend the compart-
ment on piano wires within the payload package. Since the use of metal-
lic supporting members is not good from a heat transfer standpoint,
the use of insulation material for support must be considered. The

Linde S-14 insulation has a heat transfer coefficient K = 2.5 x 10=>

BTU/sq.ft./hr/°F under no load conditions, Under a 15 psi bearing load

K= 100 x 1077, The maximum total load on any supporting system would

occur under landing conditions with 20g deceleration.

300x20 = 6000 1bs),

(F = V/g x 20g =
If it were assumed that the insulation on the small

end of the compartment (862 in?) experienced this full load the resulting
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pressure would be 7 psi.

2 micnl Load Calculations

The following calculations were made to determine which type

of support would allow the least heat transfer into the compartment.

PIANO WIRE SUPPORTS: For the purpose of these calculations it
W

{gs assumed that the compartment is designed to withstand 20 "G decelera-

tion in all directions. The following assumptions are made concerning

piano wire and insulation.

Piano wire stressed to 100,000 psi
X = 2.5 x 10~> BTU/sq.ft./hr/°F (Linde §-14 insulation)
Average inside compartment temperature 50°F
Outside temperature 250°F
Average wire temperature S50°OF
Wire length L = 6 in. (0.5 ft.)
Number of wires 24
Emissivity of wire E = .1
Thermal conductivity of wire = 20 BTU/hr/ft/°F
X (Stefan - Boltzmann's constant) = .173 x 108 BTU/hr/sq.ft./OR%

Amount of Wire Needed in Cross Sectional Area

_ 6000 _ o)
Area 100, 000 .06 in
Total cross sectional area needed for support in 6 different
directions will be 6 x ,06 = ,36 inz. If four wires are used for each
direction of support their diameter will be .138 in. (d)

Total heat transfer = transfer through insulation + conduction

down wire + radiation to wire.
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Heat Transfer through insulation (Q1)

Qy = KA A T = 2.5 x 1072 x 52 x (250 - 50) = .26 BTU/hr
duction Down Wire (Qc)

= KAAT = (20) (.36 200) =
Qe KAL ()-(m)_%.—ﬁ_))- 20 BTU/hr

Radiation to Wire (Q,)

Area of wire exposed to radiation (A)
A= p7 dL = .(% (.5) (24) = .433 £t2

Qp = A AR (T1" - T,%) = .173 x 1078 x .433 x .1 (710% - 510%)

Qg = 14.0 BTU/hr

Total Heat Transfer

Q=Qp +Q. + Qg = .26 4+ 20.0 + 14.0 = 34.26 BTU/hr

Heat Transfer Using Insulating Material as Support

Assume insulation subjected to landing loads from any direction.

Even though the expected pressure is only 7 psi, due to lack of other

data the (K) value of 100 x 10~° @ 15 psi will be used.

Q=FKA A T=100 x 10~ x 52 x 200 = 10,4 BTU/hr or 0.174 BTU/min.
Based on these calculations it is proposed that the insulation

serve as the instrument compartment supporting system. There are

also two other sources of heat transfer which must be considered.

Provision must be made to circulate the cooling medium and pass electri-

cal lines through the compartment wall. Since the cooling ducts will

also be insulated they will not influence the heat transfer greatly

and may be disregarded. Howeyer, the electrical cables will be the

source of some heat transfer. For the purpose of calculations the

following assumptions are made:
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6. All wires are insulated so that heat transfer s limipeq
to conduction down the wire.

b. The wires are copper with K = 215 BTU/hr/ £/,

¢. Average wire length X = & ft,

d. Total cross sectional area of copper = .75 in dia, circle.

e. Assuming wire cold end temperature to be 140°F by locating
outlet at high temperature part of the compartment,

{. Hot end temperature 250°F.

Heat Transfer (Q)

Q= nd_. - (215) M.(__l = 17/BTU/hr or
.275 BTU/min.

This additional heat transfer is common to both the structurally 1
supported and insulation supported compartment and does not effect the
previously made choice.

Total Heat Load on Cooling System is:

Internal load - 100 watts or 5.688 BTU/Min

Load through insulation 0.174

Load through electric wires .275
Total 6.137 BTU/Min.
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ASSUME: COMPRESSOR MECHANICAL EFF, - 70% -
POLYTROPIC COMPRESSOR - N= 1,35

ADIABATIC EXPANSION
EFF. RESULTING FROM FLUID FRICTION LOSSES - 8S% -

MECHANICAL EFF, - 903 -
§ PSIA INST. COMPARTMENT PRESSURE

COMPRESSION RATIO 6 TO 1
HYDROGEN TEMP. LEAVING INST. COMP. - 140°F

Ta _f:l_) hh—l iy = I(GOO)(G)%”-'}{ =[‘OO)6 .25‘7____/‘0&%‘_’)_ p :e

ls ft_)x Tas [740,Y-‘-)7— [ 740)(:‘?1) 45/ R

3

ha-hs

L s -h (7T, )= 760 - (85760 - 457
5 s

T, =498°€

HYDROGEN FLOW RATE (W)

Ta~
Tas

Ts
~Ts

O | 7

©.137 2
- =.0|76
(coo 498X.34Z) ! rIN

COMPRESSOR H.P.

HP=(§ )773 )——

gpacBRE, . 298

)\ M N i |

EXPANDER OUTPUT

K \ RT,W P \ 5
N L. 2 LY % . =326 HP
" (""’ (778)42 M[(P: Ij e —_—
NET H.P. REQD.
795
326

— i — L —
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