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PREFACE 

SECOND EDlTIOW 

The first edi tion of thi. s t udy vas given only t he limited diatri-

but ion necessary to fac ilitate pre para ion of a consolidated ABMA report 

to NASA. This second ed it.ion was print~d to meet the require.ent for 

wider dis tribution to the ABMA lAboratories concerned with the aoft 

lunar landing equipmen t prob lems . This di t ion is el.ent ially identieal 

to the first edition wi th t he exception of minor correct iona and the 

subatitution of more u,p-to·,date illustrations on certain around aupport 

equipment as indicat ed below. 

New Figures Substitut ed i n thi s Edition 

Fi gure 10. Lower Booster Firing And Serv ice Equipment 
Ins talla t ion 

Figure 11 . Upper Booster Firing and Service Equipment 
Ins allation 

Figure 16. LOX St ol"age Ax-ea - SATURN 

Figure 17 . LOX St orage and Transfer Bya t em (SATURN) 

Figure 19. Fuel System Schematic ( SATURN) 
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The information contained in this document is intended primarily 

for use of AlMA in the preparation of a "Lunar Soft Landing Study" for 

the lational Aeronautical and Space Adminiatration. However. it may 

be of intereat to other personnel concerned with the development of 

the SATUII Iyatea and with other apace projecta. 

Material in this docu.ent is presented in thrae aection: . "ctian 

I •. Ground Support Equipment; Section II. Manned Lunar Capaule aacovery; 

and Section III. Lunar aoving Vehicle. It .hould be po~nted out that 

a majority of the ground support equipment delcribed in .Sectlon I ' haa 

already been developed or haa been de.laned for uaa ln the overall 

IlATIID VUlcle lrosr-. Theretore. laOat of th1l lectlon 11 a propold 

only in the .. nle that .1t 11 propo .. d to u.e ex1ltina IAMil Ground Sup

port EqulpB8nt ln the Lunar Soft . Landing SYltam. However. tha lnt~

tion preaented in Section II . and Section III is ba.ad on preliminary 

design 8tudies only end is submltted a8 a propo.al aubject to a com

plete Jl&D Program. 

Since informatlon pre.ented herein ia very genaral in . ~tur. lt i. 

Dot lntendad for uae a. final deaign crlteria. 
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SECTIO!l I 
• 

GROUND SUPPORT EQUiPMENT 

A. LOGiSTICAl. CONSIDERATIONS 

1. General 

Logistical support of the launching of lunar mi •• ion vehicle. 

from the Atlantic Kissile Range will present major transportation pro-

blems. The four msjor missile components (booster, second and third 

stages , and payload) must be shipped to AKR from different sect ions 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 

proaram 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 AKR 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 
• 
1 



partia lly build and/or r e inforce about 
10 miles of roadway at Redstone 

AMR Obstacles such as power 
i 1 of roadway at • Arsenal and about two m es 

and telephone lines must be 
r emoved, and for -the actual movement, all 

be b locked or rerouted. Since the barge must other road traff i c must 

be returned t o RSA with the r ecovered booster arid maintenance time for 

barge and equipment must be allowed, it is obvious that firings at two_ 

month intervals wil l r equire at l east 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 f or this mission, 

both possibilities will be briefly discussed. • 

a. Air transportation of components of 

this diameter is possible with the C-133 aircraft which has cargo com-

partment dimensions of 140 inches wide, 144 inches high and 85 feet long. 

This i s adequate for e ither of the upper stages. However, this is the 

only aircraft presently availabl e 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 schedule s. 

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) is not possible. 

Water transportation in a manner similar to that used for the boos ter wm 
• -14---



be the .on a lllple "",~hod but 1a not alvaya poulble . Ro.d t r anapou:. 

tion ta poa. ib l e bu t v i i i r equlr e opeclal r outing and ~ra(flc rea~ic 

tion . Rlil ~anaportation vou l d be even ClOr e d ifficult . !her Cor. 

tranaportation by 8 lighter-than-air craft (b llllp) haa be"n cona ide:r d 

but .. y prove to be economically impractical. No conclus ion haa b en 

r eached on a solution to this problem at the present tlme . 

4. Booster Recovery 

Handling of the booster after a successful landing and r ccov ry 

also constitutes a major operation. The operation of spotting and voter 

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. 

3 
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B. TRANSPORTATION TO LAUNCH SITE 

1. Booster 

a. Land Transporta ion (Fi gur e 1) ( Figure 2) 

(1) Transporter . (Figure 1) . The bo ster transporter 1s 

a unique piec of equipment in hat a part of the booster final assembly 

jig is used t o mak.e up t e t.r ans porter assemb y. The a s sembled booster, 

with i t s Su pport Cradles, Connecting Trusses i s 

jacked up as a uni a d placed on two axle a,od whe 1 as semblies. 

Pertinent trans porter dimens ions a d whee l and axl e 10 ds are shown on 

the silhouette repr esentatio of r a s porter combinat ion. 

Each wheel assembly consis s basicsl y of wo pairs o f 0 independen t-

ly braked and hydr aulically ste red aircraf t dew wb els on an axle 

assembly. The Support Cr di es are se ured to 

a towbar on the f orwa d axle y co 

booster is carr ied on his omposite viele 

testing, checkout , and tr spor 

to the launch site. 

( 2) 

ion fr • t 

Figur e 2 ) . 

e axle aS8 lies and 

o the pr t.e .over . The 

ough all a.es of 

r i cat ion La ratory 

e pr~ ..ver for th" 

transporter dur ing all 1 tr por t tio i. a at. ndard a ircr af t tug 

(TT-ll). The aaximlm t owed ape d of d d tr apor ter 18 be tween 

3 and 5 mph. The TT-ll aircraft towing tr e tor 1. 

diesel engine wi th a mexiwlm draw ar ~l o f 13,$00 

transmi.sion eonsists of a 3 stage t win d iae torque 

ed by a Buda 

The 

The 

mex l ,,,, angle of approach and departure 18 1 0 end 170 reapectiye1y. 

J. 
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SATURN TRANSPORTER AND TOWING VEHICLE 
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b. Dockalda rlcilitia. 
; E 

( 1) Redl tone A~len.l Dock (f1gure 3). 
• 

After all boo.ter 

tut1na at AftHA 11 completed, the booHer-tran. por ter colnb1nation iI 

towed to the R8A Dook and io roll d on to I .p cially do. i8ned barge . 

111a do ko1do hc111tieo for ehia operltion con.il t of a ramp to the 

wa ter. adge and t wo elecerically powered winchel mounted at tha top of 

the ramp to conCrol _vo .... nt of the tran'porter up and down the ramp. 

An undamaged boolter retur n d to RSA Dock on a tran'porter will be off-

'loaded i n I oimU.r mlnn r . How v r, wh n a h Ivlly damaged boo.ter iI 

re ur nad it mlY not be oupport d on a tr lnoport r and partial .alvage 

operation. mlY be neceuery b for oft-loading 18 accomplilhed. In thil 

•• e tift a ilit! 0 , au h a. I mobi l e cran , will be nee •• ary for re-

movina .. lvaaed Qomponenta from t ha blrge . A. th r covery program 

ba ome. more exten.ive Ind if the r e t ur n of h avily damaged boo.tero 

require. hOlvier of -lolding facil Lti s, th RSA Dock will have the 

apabllity or xpanl10n to include conltruct ion of a 100 ton atiff-

188 derri k wi h I r a h of 83 f t to provid litting faciliti 8 for 

a omplece h • r wh n itta r turn d in I damlg d condition without 

(2) New OFt,an, Port. Exi.ting haavy lift t acilitie. at 

t ho Naw Or1,an. Por ara on.idlr d . uffioienl for tran.llrrina thl re-

covlr.d boo. tlr from hi rlcovering LSD to the barae for rlturn to RSA 

Dook. 

() Atlanti Milaite Rana. Ramp aoilitie. l imilar to 
, 

thQ8 _ du r ib.d RSA 00 k will b u. d or unloading th booater-

[ .. an.p .. tel; a 81 C, AMR, appt ximately on mile from Complex 34 on 

t h Banan. Riv r. 



c . Water Transportation (Figure 4). 

Tva types of barges ar e presently being considered for the 

vat r t ransportation phase of booster movement from ABMA to AMR. The 

relulta of an invest igation pr esently being carried out by the Trans-

por tat ion Corps in cooperation with Systems Support Equipment Laboratory 

viii de termine wh e ther a coast-wise type barge or a full sea-going 

type barge will be used. Maximum booster protection, simplicity and 

coat of operation will be among the determining factors considered. 

Both barges will have end opening doors for roll-on/roll-off operations 

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 boo~~er-

transporter is loaded on the barge at RSA Dock using the ro11-on/ro11-

off operation described in paragraph B.l.b(l) above. The barge is towed 

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 trom New 

Orleans around the Florida Peninsula to Fort Pierce, Florida, approxi-

mately 80 miles south of Cape Canaveral. There the barge is 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 

is 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 ro11-on/ro11-off method. 
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At New Orleana the river tug (approximately 65 feet long) would be ex

changed for a Bea-going tug (approximately 100 feet long) Which would 

then tow th'e , barge, to Fort ' Pierce, Florida. Here the aea-going tug 
, 

,would be, exchanged for a river tug' Which would complete the trip to 

Site ' C b,arge basin. tbe obvioua adventage of this method of trans

portation i. that no LSD loading and unloading of the barge is raquired 

with -the inherent po .. ibUity of d_.ge to booater. 

7 



1. 

n. ... con ' ee, tllLr •• t ..... to be fabric.te ••• 1 I nob 1 ..... 

,. .... 1 I c_ JI'n-able tre.port.I1Oft probl_ dependinl upon the flal; 

'-.: 1.1 __ Ih. ',-t., of th .... tas", AI pointed out in p.r-.r .. 

'. J. Ilr Iran.port.tioa of • 120 inch diameter It'le c.n be .cco.pl~ 

willi III. C.1l1 .ircraft. ""ere.l. no preuntly .v.ll.bl. .ircr.ft ca 

Ir.n.port • 160 inch di ... ter It.le. Since the fin.l decision on ,be 

l.h"l lta,u h .. not been ... de no propos.l on tran.por'a-

lloe wIll bl .. dl in 'hil document. Det.ils on h.ndlinl equipment u • 

• 1.0 un.v.ll.ble .t thi. time. 

1. '.yl o.d 

•• franlporter. (Fllure 5). The proposed' tr.nsporter for 

Ih. IURIr paylo.d h euentidly • modified verdon of • co"'''.rc1l117 

.v.llabl. four "".el tranlporter. The payleed rests on • rear s.ddle 

.nd il reltr.lned .nd lupported .t the forw.rd end by it. lifting bolu 

n.il il • proven .Yltes for mi.sile transporters and it effectively 

prevent I torlion.l Itr.lnl from being introduced into the missile. 

Overlll dlmenllonl .re shown on the silhouette illustr.tion of the 

Iran'portlr wlth payload. 

b. Any ial type slllll1 tug tractor with 

plath hook may be used '1 a prime mover for the payload tranlporter 
• 

Ilnc. ro.d movement wlll normally be limited and will be accompli.hed 

OIl Unt el.u ro.dl. However. road speeds m.t not exceed five mllel 
• , 

par hour 
, 

to preveat Ihock loading of the payload in excess of 4g' •• 

8 
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c. Transportation. (Figure 6). Payload dimensions will per

mit transport by C-l33 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 AHR 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 environmant. Bnd covers and 8trippable coaUng will 

c","plete the lea l ina requirements. Desiccant breathers and appro

priate ventina vill prov'ide protection and prevent exceasive differ

ential pre llurel durina air transport. Environmental protection, will 

be provided by a vater proof tarpaul1.n or in.l ulated blanket as required 

by &llbient conditio .... 

9 
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C. LAUNCH SITE 
, 

1. I~unch Site Complex (Figure 7). 

The SATURN ~unch Complex contains all necessary facilities 

for handling", storing, servicing, checkout, erection and launching 

of the SATURN vehicle as well as the required administration and 

log~stical facilities and special ' research laboratory f~cilities to 

support 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. 
, 

, . " 
ing-\,to 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-

, -
ing,s at' ,approximately two-month intervals. , Therefore, based upon the 

, 

presently projected firing schedule, one pad facility will be sufficieu 

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 o,ther 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 s£ryice structure. This structure has a 

bridge .crane.,suPI'0rting two hooks of 40 and 60 tons capacity each. 

The .hooks are '~proxfm8tely 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 

b4se, and ~he booster is rotated 450 from transporting plane to the 

erect :tng ' plane.. ·The top portion of the rear assembly ring is removed 

from th~booster an~ two tension cables are placed between the fron t 

hoist points; 4Uld 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 ~s then moved into position and connected to the booster 

pick up points by means of erection slings and be8rnF. The 60-ton hook 

is connected to the forward sling and the 40-ton hook to the thrust 
• 

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 • 

• 
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J . Boo.ter Checkout (Figure 10) (Figure 11) 

a. Leak and Function Checkout 

After erection, a pneumatic leak and function check is -de 

on the boo.ter to determine 1f any components or subsystems were d_8~ 

during transportation and handling. Gaseous nitrogen (GN2), 'used In 

performance of the checks, is ro~ted to the checkout panels on the 

launcher through a pneumatic distribution station in the base of the 

umbll ical tower. The GN2 pressure is regulated at these panels and, 

in conjunction with electrical control panels in the blockhouse, seOe 

to distribute the GN2 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 al80 

extend from the pneumatic distribution station to checkout panels On 

the service structure for checkout of the top part of the booster. 

b. Engine Servicing 

Following pneumatic checkout, an engine service operation 

is performed using the Engine Servicing Trailer. This operation m

eludes flushing and purging of the critical portions of the engine such 

as the fuel jacket, LOX dome, gas generator, and the fuel igniter line 

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 opera

tion in a restricted area for removal and replacement of a defective 

engine after the booster is in the vertical position. 
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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 

service 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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7. Propellant Storage and Loading 

a. Liquid Oxygen. (Figure 16) (Figur 17) 

The LOX facility for the SATURN compl x consi l ts of pro-

t ective revetments, foundation, and partial w ath r protection for 

liquid oxygen storage and tranafer syst m. Th syst m has th capa-

bility of servicing two pads from one facility at differ nt int rval • • 

The storage facility consists of an insulated s ph r of 125,000 gallon 

capacity. The 41-foot diameter storage tank is insulated, but not 

vacuum jacketed, to sustain an evaporation 108S of LOX of 0. 2X/24 hr. 

The working pressure of the s phere is 40 psig which is maintain d by 

a heat exchanger for self-pressurization. boos t r tr ansfer system 

consists basically of a 2500 gpm, 400-foot head pr ssur c ntrifugal 

cryogenic pump with associated valving necessary to transfer liquid 

through 750 feet of 8-inch uninsulated sluminum transfer line. Initial 

loading of oxidizer to the upper stages is facilitated by manifold 

lines connected to the gantry service structur and branching off at 

each stag8 servicing connection. The second stage initial filling is 

accomplished by using a 1000 gpm, 600-foot head pressur pump, and 

a 6-inch aluminum transfer line. The t hird stage filling util i z 8 the 

same 1000 gpm pump but is operated under throttled conditions • 
• 

Replani.hing of the various stages is accompli.hed by 

using an additional 13,000 gallons, 200 psi working pressur , vacuum 

jacketed tank located in the storage facility confines. Replenishing 

of the booster and upper stages is accomplished by using a pn umatic 

actuated modulating valve controlled by a LOX tanking c.omputer and 

level control associated with each of the stages to b r pl niah d • 
• • 
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The replenishing transfer lines for the booster, se.cond, and third stages 

are 3 inch, 2 inch and 1 inch ins~lated . lines respectively. 

Replenishing LOX to .the upper stages is cOlltrolled to 
, . . 

exact level and maintained until lII'1bilical sep.aration during. the launch 

" 

, . , . . . 

countdown. The . 2 inch .and I inch ,insulated repleni,shing tr.ns·fer 1.iries 
. . 

-.' ;.-.: . 

for the upper stages are ' routed through the umbilical tower. . : . . ,':' ',; . 

, .. 

The LOX transfer system is automated and is initiated and . . ',. 

controlled from . the . blockhouse propellant loading panels during transfer 

sequen~e. Prior to propellant loading, th'e system componellt checkout 

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

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

The RP-l 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-l fuel is !"onitored 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-l by a jet 

eductor operating on Bernoulli's ~w of Continuity. 
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. . 
Initial charging of the storage tanks .i .s through the 

fllter-8e~~i:ot . unit. ,to insuJ."e ·,pr.oper filteration of fuel and to 
. . .. - ~ . -

. . . 
min,imtze · the entrained .water conte.nt of the RP-l. During long storage 

, . 

perio<ls, perii:[dic operation of the . filter-separator unit is . . 
. 

required to 
. . 

i,!~ur.e ,desired fuel elealmess pri,or to .. missile servicing. 
. . 

lbe fuel transfer system is' automated and is initiated 

Bf,d .. cont.olled from the blockhouse fuel loading panels. Prior to 
. 

propellant loading, . the fuel system , component checkout is accompJi.shed. . , 
• . 

at the blockhouse by the fuel loading panels. C0l1411unications between 
. ., -

~lockhouse . and fuel complex is .re'l.u'ired· dur.ing. this' operation. 

" 

.. 

• 
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D. BOOSTER RECOVERY OPERATIONS (Figure 20) 

Recovery of the SATURN boo s ter from the ocean is accomplished by 

the use of a fleet .of surface vessels including an LSD (Landing Ship 

Dock»). four destroyer (or similar) escorts, two sea tugs, a PT (Patrol) 
. .: ' ~ , 

boat, ship of a suitable 
• • 

type.. Fixed-:wing aircraft are employed in spotting the downed booster. 

The recovery operation will consist of four phases: 

1. Loc'ation 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 
• 

recovery fleet arrives at the impact site. Upon arrival at the impact 

area, the recovery fleet is deployed for the recovery operation. 

With the aft deck of the LSD awash, the booster is floated into . , . 
position 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 LN2 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 applicat~n pf de~iccator breather 

assemblies. 
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The LSD then r e turns the booster to the appropriate dock (it is 

envis i on.ed that this will 

r eturn shipment to RSA. 

be New Orleans) where it is barge-loaded f Or 

As stated previously, dependent ·upon the magnitude of damage to 

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

on a" transporter or on supports used in the LSD. The recovered booster 

or sal vaged 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 
" 

opt of the barge by the available 20-ton crane. 

" 
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E. SYSTEMS SUPPORT EQUIPMENT LABORATORY TEST FACILITIES 

1. Shake table (Figure 21) 

Test facilities available in Systems Support Equipment Labora

tory include a shake table for acceleration and vi~ration testing. The 

shaketable 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 the amplitude is ad-

justable in progressive steps 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. Auxiliary electronic equipment is available for measuring and 
, 

recording acceleration, velocity stress, amplitude and frequence during 

~haketable operation. 

Competent engineering and technical personnel are available to 

design, set up, instrument and evaluate tests as required. 

21 



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' concrete 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. 
• 

Also on this 
• 

pad is one 6000 gallon capacity, insulated, 200 
. . 

• 

psi working pressure LOX storage tank which is used in LOX replenish. 
, 

ing test~ng as well as pump and pressure transfer tests. The pad has 

a 3600 psi, _650 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 
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, 

containers. · 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 horsepower and a 
.' . " 0 ' . , 
3600 pSi ; -65 F dew point air 

• 

. stipply • . 

, • . .. 

tion.mn test , incll/de: 

. '(1) . Three .. 
.. 

6000 gallon RP-l transporters w/lOOO gpm pu,mp.s 
, 

at 60 .p~i " head and . heaters ' for temperature conditioning : 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 capac.tty. 

(5) .Two 9 ton LOX transporters with pumps having 150 gpm 
, 

, 

at '7.5 psi-head capacity. 
. . 

, 
• 

(6) Six 4000 gallon LOX transporters. 

.(7) Two 500 gallon liquid nitrogen trailers with high . 
, 

.. pres.sur.e P':lmP .1;hat deliver 4800 scfm of gaseous nitrogen at 5000 psi. 

'. g. Transfer Equipment. Additional miscellaneous transfer equip-, 

. 
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 
• 

t .ransfer tes~s at capacities up to 2500 gpm • 

• 

. (3) Two remotely operated LOX transfer trailers with electric 

.motor~driven pumps hjlving ' a capacity of 1500 gpm at 100 psi head. The 

trailers are equipped with LOX tanking computers and system controls 
• 
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for accurate miss:l,le loading (.± ·0 .. 1%). • 

• 
:' (4) < Six fuel volumetric now meters ranging from 250 • 

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 gallon 

capacity for use in propellant transfer and precision loading tests, 

(7) One portable filter-separator with 200 gpm capacity, 

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 p'roposed. 11te new 

fscility includes the needs and requirements 'of the laboratory for pro· 

jected future test program for the SATURN missile. The new facilities 

would be constructed on a new site apart from eXi8ting facilities and 

would include a propellant tnt tower; all Propellant .torase and tram 

fer requirement., complete blockhouse propellant te'ting and recording 

equipment, power 8upply and transportation acceas • 

. 24 
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I. Propellant Loading Syat 

KalIy MY it ..... will be requtr.d for th 

In, .y.t .... vbic:.h must deliver over eight tlan th ~ of Il 

required by the JUPItER, and with comp .. able acc .. racy. 11a a U vt ll 

b. tu ted individually before incor por aUon into the l'r<>pellat f't_. 

2. Transporters 

a. Bo<>ster Transporter (Figure 22). A boo.ter t r a.por t.r . 

carrying a dl>'''''y booster, will be subjected to s everal road per fo ....... c. 

te.t. to assure satisfactory braking, steering, turning, and ,an. ra l 

handling characterists before it is used .for the f ir s t road mov-..nt 

of a flyable · booster. 

b. Payload Transporter . (Figure 23). A complete t est prog1'am 

will be carried out on the psyload transporter and handling equi pment 

to determine. the adequacy of those items requiring special design. 

du ... y payload will be used in road tests and in simulated aircraft 

loading tests to assure satisfactory steering, turning, and handling 

characteris tics. 

3, 

a. The booster was fabricated by modifying salvaged 

It.,l tanks and welding t hem together t o simulate the SATURN boolter 
• 

wei_ht, center of gravity, and overall length. The spider section with 
• • 

• 

attached fabrication and assembly rings are .required to give the simu-

lated cross sectional diameter to the dUlllllly as well as to serve as • 

erection rings and support of the missile when in the transporter saddles. 
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• pk ,ul'port point. I •• ilOUl ated by fillina ""tu 

cower point. to the des ired we i ght. Th e teet equi~t 

L'" 011 • tr an.porter will be loaded and off-loaded frow lb. 

aT LO! ll iarue perlonnel with the transfer sequence prior t o 

t ... 1 cu n.Cer of th flyable booater. The dunillY booster will aleo 

utill&.d to check out the fabrication and as.embly jig a. to rot&, 

ti I driv. c.pabilities due to eccentric load appUed by the 70" 

Lank. durin, e •• ~ly. Roed test to verify steering, braking, tovl~o 

end road cond ition. prior to shipment will be checked with the 

boo.ter on tbe tran.porter. 

b. will also familiariz e static t e st tovor 

par.onnel with the problema asaociated with erection, stabilization, 

and oparation of the 100 ton crane located at the ABMA static test 

t acil itie. prior to receipt of the live static test booster. 

4. Launcher 

A. part. vital to a .uccesaful launch operation, the launcher 

. upport and hold-down arma will be subjected to structural and functloa.: 

te.t. at ABHA prior to aa.embling them on the launch pedestal. 

5. 

Individual 1t'DI' of boo.t.r upper .ta'8I and payload handlina 

.quipm.nt will b. t •• t,d prior to and durin. anvironmental ta.t. and 

actual ,r.ction. and a •• embly at both ABMA and CCMTA. 

6. 

All components of the checkout equipment will be laboratory 

te.tad and .ervlce tea ted during reliability checkout and static te.t 

tlrlna' at ABHA before use at Cape Canaveral on a flyable booster. 
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• 
• 

7. vertical' Engine Removal Equipment 
• 

This equipment will be tested in the laboratory and at the 

static test tower prior to shipment to Cape Canaveral. 

8. Booster Recovery 

In order to study that phase of booster recovery in which the 

boOBter approaches and enters the water, the contractor for the SATURN 

recovery system has designed a sc~le mOdel of the booster which simulatea 

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 comple·ted, 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 

para.chute and the shock loads experienced by the simulated booster dur-

ing these events. 

Other recovery package components such as timer~, pyrotechnic 

devices. aneroid switches and motors will be tested under environment~. 

coliditions to a .. ure .athfactory performance of the recovery system 

under operational condition •• 

• 
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A. INTRODUCTION 

1. General 

SECTION II 

MANNED LUNAR CAPSULE RECOvERY 
(Water Phase) 

A speedy, reliable and efficient system for recovery of the 

d lunar capsule from the ocean after return from a lunar ctre~ 
menne 

navigation flight is required. The utmost speed and reliability are 

absolutely essential in this operation. The "loss of the horae f,. 

lack of a shoe" would be intolerable at this point. The proposed equip

ment and .techniques are based on experience gained through use of prep. 
. 

sent "state of the art" equipment 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 proposed 

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 utilizea a hydraulically controlled crane together with specially 

designed retrieving and handling devices. 

2. 

Based on past experience in nose cone recovery and an evaluation 

of the advantage. and disadvantages of the present equipment and techniques 
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1 .,at .... , be ata ted . 

'aU -aA(e _thoc! of trac k1n& and apott iD& the 

I . 

• • lap14 tr an'port of retriev1n& equipment to the poiu 

t. 

c . Speed, deplo~nt of retrieving equipment. 

d. Varoa tHe equipment for operation under extr ... .,ar1&t~' 

1& ... cOIld1t iOll • • 

e . Pa il - . afe _ thod of securing the floating capsul •• 

f. Senl1tive and rapidly reacting equipment controh rith ella 

Ut80.t rali&bility. 

, . Short coupling between recovered capsule and retrllV~ 

lquiJIMDt. 

b. Speed and simplicity in equipment operation. 

s. SYSrtH DESCRIPTION 

1. .ecovery Pleet 
• 

In the present state of the art the precise point of ap.ct 

of a r e turning capsule cannot be controlled. Therefore, extenlive 

fl.l t deployment in the general impact ar ea may be necessary. !he de

ployl d fl eet conalsting of recovery and auxiliary sh ips :must be equip, ,t 
with both radar and visual detection equipment and be augmented by orbit-

. 

ina aircraft. Predictable impact accuracy will detetwine the nu.ber of 

.bip. in tbe fleet that must be equipped with recovery equipoent. 

2. .ecovery Ship (Pigure 24 and 25) 

The actual recovery ships must be fast and highly maneuverable. 
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• 

e.-ft_ operate this crane in a very short 

tiM. Att~nt of thil type crane to the ship's deck is accOllplhb~ 

ataply by tbe attachment of the four deck plates end it i_ felt that 

aklftllll of thia crane from one ship to another would be entirely 

feaalble If required. The crane boom must be modified to provide a 

Jib baa. approz1mately Beven 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 enou~ 

for other future applications. The hydro-crane fulfills the stated 

req~irements for speed and simplicity of operation, reliability, verB •• 

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 in 

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 characteristic. ,,111 

remain the same. The net may be constructed of any fibrous material, 

such as hemp or nylon, with sufficient tensi1 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 aeveral cable 

clinches with undirectional action through which a gathering or clo.ur. 

cable will be operated to effect closure of the net. The clolure cable 
-

will be attached to a boom line which may be temporarily oecured 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 i. placed 

on the boom line and allowed to run down the cable and effect clooure 

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 c.apsule and hoop het are 

then hoisted aboard the ship with the capsule in approximately a 

horizontal position. This oper&tion 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. In 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 

io outlined al follows: 

a. Location of capsule. 

b. Nearelt recovery Ihip proceed. to point of impact (Figure 24). 
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• 

c. Deployment of frogman team (Figure 25). 

d. Removal of parachutes and floatation tiuoy. 

e. Positioning of r ecovery ship and hoop net (Figure 26A). 

f. Relea.e 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 
, . 

be initiated in sufficient time to permit the production and preliminary 

~Jt of at lea.t one complete set of recovery equipment ss described ab~. 

~r to the capsule drop test and training program. It is further 

proposed that when the capsule drop tests are conducted the water re-

cOVb1"pbue 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 

miDlmuw additional expenditure of funds and effort and required modi-

flcationa can be accomplished early in the program. 
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1 • Ce1lAtr at 

, 
I l a ' 

er da a a polo 0 ' • 

.... JNlcltalU "UI b d la r ., a .of I , 

.. to r oy a rutr l c tcd axca of tb lunar .ur f .c In Cell 'W I l I ., o f 

at. point of l~ct and ga t cr on .urr c dlt t •• T • 

_tant . the ata t ionery pay l oad 0 and d wI l l. rv a. D I&D 

".lel. for improving design of ov ln viel e cooopon 0 a . 'or 

~l.. it 1. proposed that rU B as or d e l ra 100 equl,..n 

Mould be the ..... f bo payl0 dB. 0 er COllPO ent •• nd char a t er -

i.tlc. of t he t wo payloads will also be 
• 

or .tmilar . Ko" v t, 

thl •• ection is devoted pr imar U to a descripti and dl .cu •• l on of 

tha proposed roving vehicle . Material pr esented I. not In tend d .. 

fin.l data, but is t he resu lts o f consider Ie pr It..I M~ y I veat l,a-

tion of the anticipated pro lell" and wil l se as the bad. (or t he 

detailed R&D progr am tha ' wi ll be neceuary efore Hnal dee lIn can be 

''Ccc.plished. 1bis pr oposal is made with full awarene .. of e v.at 

~t of re.earch and developme t wor k pr esent ly be ing perfor.ed by 

~y agencies in the field of small power plants and the lI'ny lnve.tl-

a.tiona of new applications. Kowever, i t is f e lt that at the pre.ent 

.t.te of the art the proposed system affords the bes t solution to the 

• 

problem. 1bis section also contains recommendat ions for the vacuu. te.t 
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. , 
• 

• 
facilities necessary for the R&D program. 

2. General Engineering Desiderata 

The general characteristics and 

been eatablished for the lunar roving vehic le and have been con. 14ft.,. 

in the proposed design. 

a. Withstand impact on the l unar sur face with a velocity of 

approxl.lllately 60 ft/sec wit h mayiDD'm deceler at ion of 20g (earth). 

b. Operate under lunar envir onmen t al conditi ons as a IIObU. 

vehicle for one full lunar day (daylight) . 

c. Have a range of 50 miles , be a b l e t o negotiate .a slope of 

150, pass over boulders 3 - 4 feet in diameter , and maneuver to avoid 
• 

larger boulder s or hazar dous t er r a i n . 

d. Due to uncer t ain surfae.e · conditions , it should be able to 

• 

travel on t h ick layer s of dus t . 

e. Total payload pae.kege weight limit - 217.5 pounds . 

f. TotaL roving vehic le we i gh t limit - 1450 pounds. 

3. Lunar . Vehicle Delivery Sequence (Fi gure 27) 

During the fir st s t ages of the missile flight t he lunar vehicle 

will be housed within t he payload section of the missile third stage 

which will have an outer diame t er of 10 feet. Ther efore, the tires ud 

certain _ oper~ting equ ipment must be in a col l apsed condition. Prior 

to the beginning of t he lunar landing pbase of the payload trajectory. 

the nose cone and protective cover (air f r ame) will be blown off the 
-

payload package by explosive charges t riggered by a timing mechanism. 

This action will be . delayed as long .s feasible to afford maxignrm 
-

_teorite protection to the vehicle. When the covers are blown off 
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_UI. Urn vll1 be fr ee t o e"pend ~dlat.l ,. to If f 1\ 

~atlAa ", ... ure. n.e vehicl e wi ll r_ in in L la I lit 
'e, 

__ t". bukina end landing ph...... Attit llCle eoo>trol ViII ..-_, 

_lila th.l. ph •••• to inlure tb.t tbe peyl oad peella,_ I ...... , • 

II""' . .,..laIIt poaition and witb .inu..m l.teral aotion. Wb n til 

,.... 1. eo.pl.te .nd tbe vebiele h •• impeeted on t he lunar 
\11' f ec. • • 

it "Ul topple over from the vertieal axle atti t ude t o a bor laonul 

• 

.. la traveling poaition. n.e off eenter CG of t h vehie l . lnltrua.ata_ 

tion package will .erve to initiate this toppling aotlon. Blow of f or 

.pelna loaded devices used to separate the ahock ab. orb rand flnal 

,uidanc. and control equipment from the vehicle may be uled to a •• i.t 

tD initiating thia toppling action. Once the vehicle i l in normal 

boriaontal traveling attitude the torque reaction ara, the turbo

,aoarator power plant aystem and radar equipment will be e"tended to 

oparating podUon by a timing devi.ce and the vehicle w111 be .. ady 

for travel under control of cOIlO!land signals from the earth control 

.tation. Thia aequence of operation is illustrated in Figure 27. It 

.hould be pointed out that the vehicle shown 1n this 111u.tration i. 

an early concept and not the proposed vehicle • 

• 
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B. PROPOSED VEHICLE 

1. General Char ac t eristics ( F gure 28 and 29 ) 

The proposed lunar roving v ehic l e c o n s is s b asically o f 

16 foo t d iameter inflatible t i r e s c onnected b y a dd a~le. Ve i.e I. 

dr ive motor s will be l oca t ed in t h e hub o f e ae.h 'Whee l. Veh icle track 

width wil l a pproximate 15 feet . The. payload o f the v ehicle will eon_ 

sist of a package of electron:!.c equi.pmen t which wi ll b l.nde pende.ntly 

• 

swung f rom the dea d axle a n d the equ :l.pment w:l.ll b e s .oe.k mou t ed in 

two planes. The c ent er of gr avity of t he pa c kage will be off- se fr Oll 

the axle to a i d in orienting t he veln. i c l e f rom l andIng po s ition to 

traveling position an d 0 kee p t e p .. kage pr o pe r ly or i e n e d dur ing 

travel. Drive t or que will be equ .. l ized ·.hr.·oug t \e employmen of a 

torque reaction arm ext ending f rom the axle t t e u nar sur fac e which 

will r ail the vehicle r egardle s s o f the d ", e c ld o o f trav e l . u c •.•. en 

d irection o f t ravel 1.s r eve r s e d .he an. w:l. 1 'o t a t e around t he axle t o 

its new position. A whee wi. h pu n c ure plt'oo[ . e.,11 b e mounted 

on the end of the ann i n C011\ a ct with t e l unar sur face. The vehicle 

will be powered by a turbo-gener al or o pera t n g <'n a s p I e Rankine 

cycle with mercury as the wo,,- k l.ng flu.Ld. eat: s ource for . he power 

plant bo i ler wil he solar e:ne:r g y c o c e n tra e d 0 e boiler by a 

pa.r.abolic r eflector . . El ect:d.cal e ner gy produc ed y the t u rbo- sener ator 

will be utilized t o drive t he veh I c le , oper all ins t.rlDnen t ation I. 

required , and pr ovi de pow .r f or the ins t:rnmemt pac kage cooling systa. 

The instrument pac kage.), whic.h 1.5 f r e e to rot.:at e about -he vehic le a:de t 

will be mechanical l y connected to the power plant: s t r uc t ur e. As it 

changes position on th e vehi.cle axle under the influence of lunar gr.Tit1 
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t vill act as a pendulum weight to maintain the power plant in a vertl-

al position with respect to the local surface. 

The allowable weight of the payload package has now been estab

i.bed as 2175 pounds. This total weigbt will consist of the weight 

,f the raving vehicle plus the weigbt of the shock absorber and final 

uidance and control systems which will be detached from the vehicle , 

~ior to operation. Although the total allowable weight of the roving 

~bicle will now be 1450 pounds, it is not considered necessary to 

ncrease the design weight to this full allowance. Allowable and design 

~lght estimates ar e shown in th e breakdown below. Since any increase 

n vehicle design weight will require more operating power and a heavier 

,bock absorber system for landing, the vehicle design weights should 

.e held to the miniwlm. All vehicle tire and power requirement cal-

:ulations shown in this proposal were based on a total vehicle weight 

If approximately 1150 pounds (95 pounds per wheel lunar weight). The 

'ecoaaended design weight has now been incr eased to 1260 pounds as 

.bown in the table below. The net effect of this increase would be 

,pproximately a 101. increase in vehicle power requirements or a similar 

lecrease in vehicle design speed. Since other adjustments in design 

~equirements will be necessary as vehicle development progresses, no 

~ange will be made in the calculations shown in this proposal. 

, 

, 
• 
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",,"atieD 

JIlock .4JIaorber and Hountina 

Guidance and Control and 
Attitude Control 

Total ,.tachable Load Weight 

2. Tire. 

50 

275-

125 

275 

725 72'S • • 

, 
I 

125 

a. . 
I 

'!he pru-y fu=tiQll CJ'f the veh~~1.: 

tir ... ·"Ul be tcr provide a IIOl>i1ity capability during the full per~ 

of ~ratiOD. KP)I'ever. the tir!l!a will abo .erye a .,~on.4ary "-Ile t: f.Cl!" 

1 • . awprping the aecondary landing shock Jihu the yeh~l. topplfta '£r 
. 

1t~ YJl!rt~1 landja~ pjJaitiqn to' .the hl'J'h.".tal travelina pod.ti,ll!l1. :n.: 

\:lie "ent".t,rIlJl! vll1'.t1cal laudillg 11 aot 8Cc".,liabH. the tir •• -y 

haye t .O abaO'rb a part of the initial land1q abOCk. Otur uj9r f~j:.Or. 

IcOlllide,rH in the ' propjJ8ed tir. -!Iuian are Ihtecl be1.ow. 
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b. 

(1) 

} 

(» 

('> Ila 

(') 

(6) 

en 
(') flu 

, 

f 

•• If 

Utt, .f 

I ..... ,.. 

l 

(9) .... 004.,.' I t.oc" I t,e { 

(10) o,.ratt.oc pru • . _ 

) 

ct,,. le ".. 11 • 

.... ilia lID outu "~tar .f 16 'Mt, .. '- ""-La .f • I .. , ... 

a tir. cr . .. aoetLOIl "'-".r of S t .. , . ~ Ure wi ll "

. f -r1ar po1rute fila OT at.Uar A"Il~ •• ".._lac.1, . la 

tllkk. .... outer eu u.. o f 

approxiMteiy 15 aile in dt._ t,cr w111 be ... 4 .... La lAta _ c Lat 

f. -dol" atr • •• tll - 4 protectt.OIl tr_ PUC"'u .. , .11 ... ,., u. 

o,.ratina ", . .. un of tho ti .. a rill ba ."..arala,.t, 1/2,.La. ,,'

to la''DCh • the vukl. U U a rill be COll . ,eN f .... It« ... La Q,o 

111.111 ... yl.-d Heti,.. III th.lo 

Wlated w1tk tlla ~t of au .K . .. e, to u::pa4 it to fIIU elM 

at 1/2 pd. after tU .. ,1014 cot. r 10 lit.. .tf ~1ft to tile ~ 

I_ina "~.!I('. . 'the ... ll differential betw .. n the tire,.. .. u 

~ l"p'r VaclUm will .ia1aiu air l eah.e . Th. 

tiro ,,111 be treatu-witll • ael f a .. lina to ,lUt.l laaUp 

fr ..... U .,.!ftctur... PUrtller in l"u oce ••• wt ~il1&at1a .f Do 
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• 

...-uu .... to a fut tire C811. b.e obtained by liividing til, tire iato 

t.k,......,t lesanta or ca.p&rtlEnts or by use of ""ltiple tube. of 

_11 '~ter co,ere' by an wter casing. .Either of theae .yste_ • 

..., be .-pIp,ed rititO'.lt ncel!'ing tlte :we1gll1: limitation of 100 JIOIIIIIi. 

f. tile tire.. BuUil.~. other cQIlaidl!ratiODs sucit . ... • .. pill8 of 

.. ~o"dar7 "!!Cit .. y precl\lde tu Jlft of · either ' of theae aj:h_. «nd 

ff •• t rec-autl .•• · .. t be ~ferred JIIlto f)1rther · .tudy 11 -.:c~ 

• 

c. . 

• 

of tile tiru 'will b.e to ab.8orT>. the s-econdary ahock ~curr1aJ wilen tke 
• 

yutele to)plea frca its- ppsition to its traveling pcsitia.. 

.~ Ilpperwhee1 of the :vehicle _st fall f:tea a heisht o'f 'apPXOXiutely 

20 f.eat· to iAe IJlnar II)lrtace. To preyeat · e)tCl!uive bouacing. the reo 

ion _st be ab.aor~ .. 
• 

~. the ru"tioa force I1f tke tire at u.y wtant flaring illpact 

. rill be the prl1du"t of thl! area in contact _ltiplied by the tir. 

JIl'-'II\1l'/t (t: • ,.) and the l!DerJ)' absCF»e4. · "ill b!l the _lUI of thb 

forCe _lt1pl1ed by . the total tire M£lectiC (I • 111.). 'Ih!l I!ller&7 

: ablO.rb,ed and It.ored al pote,nUal ·enersy, leu dn p1q -.ifecU, rill hi 

.to ktnetlc ' --8Y colllaill8 raboll,nd. l'h1l pr~ ... . will h!I 

,..epe.~e' until the rebollnd 11 le .. thm the tire ·deflectiOD. 'lhe 'dup-
. 

1q •• ff.eta qf a ' .iJlpb . tir. MlUlll cOD_1ft ef ' tire ".n wt 
. 

ll1 •• ·· 4u.to c~e •• ionof I1r in the · tir', rid COl8pl'e .. iGII 'pf the 

ijl,ner ' .urface. !he .,alls Qf ' the proPClad tke are .,ery thin all' 
flexible, the · air compression will be low and of mort lIaratiem .. d tile 

eompre.,ion .of · the lunar surface may be a8.~d to be .. ,lisihle. 
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'l'\ler.efpr". the total damping ,,£fee ta obtained frooa tll.e alaph, tire 

~ll be nelJli&lble. ~ve~al _thode of damping thia aeconder)' ahock 

"· •. e b<tell conaiclere,i and 'ere j)Utl ine!! bel,C/lf. Ho.waver. no fira CQII

c1udon haa been reached aa to the beat _th04 to be ,..,lo),a". 

(1) Inflate tha tire to an lnitial pre.-

.~. h1ah.rthea de.ired for oparet~qR and Ylnt~ · ,xce •• &ir ' ~~ 

i!IIP&ct. '!he reactilm force _ld b. Ie .. d!1e to the r",,.plrell-.'lIre., . . 

ror 8XUlp1e, 

~ldL aa la1tlal pre.aure of 3 pai& the tire ·woul!! deflect' abOUt 10 

Uache!l on ilIIpect. However. if this prenure ,ra. nat •• to 0.5,81& 

during . the tlr.' would deflect about 24 inch ... · th.r.by, lree~ly 

relluclq the Urlt rebound. A decreaa. in ' eneray of -bout 1./4 ' • . 

• acl! IlUcc .. d1ng rebound would reault ln .pproxiutdY 12 ~,,'w.ce. ~_ 

fore u.pina ,."alII b.e c .... lete. 

(2) . Fill tlo,e . tire with I' ,ery U~t-

wel&Jat cellular ... terial. The air it\ the luterceukte!i c,l1e '~ ~ 
•• 

t.p&cted aes-ent of tha tire would be f~ced to the oth.r pOrtl~ .d~

.low in returalna and d~tna vj)Uld r •• u1t. , 

..... 'f)lr. ~ .,..1_ of · .. <:11 til'e i~' a,)II"oxt.ate1y 7DO, .c.bi~ .l .. t ·· ... if 

a aatnial' with anly O.OS lb/cll.ft. d ••• tty "u Ill", :.~ t.1l'.' ,..1akt: 

by 35 
, 

t,l,zoat,N ·"lth the 11Ja1tetiOli "f 10jl ' ......... f~ )with tir,I'. 

(3) . rabricate the tire ' with a cantrc1 b-

dtac of cruahabla .. tar tal hayina an outar dl,.-tar .,nal to 

tha out.ida dl ... tar of tha tira 1. " 1 1/2 to 3 tt... ~ ~l ... 
, 

flw.ct1ola of the tire e, all;:. In 11.1"1'. 30. (lrll.1aa of t)ae .. ttrdel 
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UpOD Urpact "oul.d abaprb enerp .and pr/lvent · rebound. - .te.dv&Ilt .... ot 

tid •• )'.t_ Idd,. ".ipt, dUf1clllty .1a arnnlbl til. , .. terUl 

widaia tile ta. eo , crll~il!a r.thar , t)laa br.~1q .... r u.,.ct. 

&lUI tile .1fftcult)' of arraRII~ the ,utar.1al ~t)i" th, idtal .u..ttr 
reatr1cUj)Il pf tile mull, payload. 

(4) , .. _teel. 'UI;"!. JiY1~ dae tir, iJlto • II1IJIber of c_ 
, 

part.nt, or ....... t ••• illultr.ted b l1lur. 31. 1IIpac t. til. 

pre .. ure illCra ... lIOJIld be ~"",fb~ to the ..... nt(.) 1Jl catact Witk . 

da. turfac.. 1(1t1l. tire fr,euure 'of--l/2 ,11. th. total cl.aflact1oll II,.. 
1zpact wul. be epprox1JDately 24 1aclln ea. the tir,. F ... un 110111. 11\. ' 

¢r __ I!~ ••• t 4~ , ,!Iuu"¢a-',- ,,1th • /lilt "PII1It tlr, the Feature 1a t • 

..... t{.) ~t~,.,.ttl !#n:,,, 12 tP' 24X , ... cl.af1~t1_ ~. '" 

,corr,.Jl!lllcl.1aal:r, 1.... If.U le8Jlll!1lt wal--b ".re "u1,,.ct with one.".,. 

ye,at ".1"..-' q,.ratf,Da ill t1a •• _ 4a~ (!ll~ .. or ~tn· 

,cljICkwi,,). thh exce .. Featur, "wlll be TeatIM t. ujpi"1I!J.ac:tloq 

1A tilt .. ucl ~ ,raclJIIl •• ulb.UOIl of pt •• aura b .11 .. ct1oa. well. 
, 

, 

a1lapiq ,ffjlllt. 'I:Id.- ~_ JIIIII14 ~lUytU of. 

, . tin 1,11 ,r.,-u..., ~t.~ly flat ' tire' .u 
. , 

"jI~ioIw ' MMIl. ' ara4aaUy ,, __ t - I:e' T_ t,UeqII tU JUa9bA'" tir •• _ 

•• 
(1) l«f!1 luna (r1pr,. n). ,.a·. r .... fiaible t1r.e 

. . , 

low ;'::',.nr. 11 ,,...111.,,, ' 1'/1 a 1.,,1 .,dac:1t it trill "flHlt,. 
, 

tile araa i. clllltact ' "ida tile .urfac:. , will hac_ ,lliptical i,a ilia,.. 
, 

'lbifl are. ,,111 b.- "1.1&1. to the total 10lct 011 the tin ct1.,itIH 'b,. tk. . " , 

' F ' 
tire pr ... ure (A '1'), For purpo ••• of tire calcu1eUOII., tlI."tr"'.l· 

, 

~' '''iallt , pf the royinl v,h1cle 11 ... ~ to 1>& .,,..oxiMt.l,. 1150 
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FIG. B. ASSUME PERIMETER INELASTIC AND OF CIRCULAR CROSS SECTION 
ImERE POSSIBLE. 

THEN CIRCU~I -lTD - 4Cl +7T (D-h) 

Cl- IT h 
4 

'IG. A. ASSUME CASING TIED TO RIM AND KEEPS CIRCULAR SHAPE II'ITII 
ARC IN GROUND CONTACT. 

REF •. ~IARKS HB, 5 EDITION, SEGMENTS OF CIRCLES, PP 34-35. 
FROM ABOVE REF. TABULATED VALUES WERE EMPLOYED TO DERIVE 

C2 ~ 14V1i. 
ASSUME CONTACT AREA ELLIPTICAL WITH Cl AND Cz AXIS. 

AREA - Cl C2 Tr - p.14v1i. rr - 34.6h 3/2 

IF FORCE IS 95 LBS P~R TIRE THE AREA PRESENTED TO TIlE 
GROUND IS 95/p IN 
A - 34.6 h31~ - 95/p 
TIIEN p - 95134.6 h-J/2 
OR h -(2;,2) 2/3 

FIG.32. TIRE DEFLECTION, NORHAL TERRAIN 
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r.ll tU 

(J l}o pGIIQIU 1... 3.50 ,.,.... p Uf;DU tn1 

'- ~,..at) "lcll will alft .. 1aIt1..u...J tlr. lMiI 

u,.... ( ). Ia-iYatiAa of 

a-t1oa of tM -.at of "O.ctl.- (la) 18 

A. • 1 • 34 •• h 3/2 , 
h· C¥) 21) 

lIlar.: 

tol~ 

1a'~ 

Ii. • araa la coatoet witll 11' .... <.,.. 1&.) 

It • tira unactiAa (la.) 

r - tira ~a .. ure (,.10) 

, • total 1.-4 .. tira (farea) 

'1pI'o )). 

(a) '~'cal ~4er. 

() .... l .. tic ... " f»Jl, f W II 

(c) lidl tira to a..J_ r. 

tira 1a C4at,ct waul4 .. r. 
... t-

• 
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- . , ,- - . • - . ~ ... - , .. .. 

With tile ...... _4 eODd1tion. the folljIWiR& foraal .. _ra 

"-rived for detllrmining redStanell to travel OVjlr large .bPl>1.dj!ra: 

'l1' 
2 

, 

(30 - r) 
(Il + r) 

h • r + Il (Il + r)_ Cos 0( - 60 

.b • (2 Rh - h2) 1/2 

A· '/1b ROC 

r .!L 
). 

!IIlarel 

I . ·radin. -of ~ldar (ia) 

. r· ·radia, · of fr .. fFti.oa .of tira (u) 

0( • angle . frOlll ealltar of bouUier .ubtuclad by trDlYlt1ja 
contact · of tire "ith boulder (red.ian.) 

• 

h • r 1Ie ofaxl. e,u'ad b)' travel ovar boulder (111) 

.• . · 'c!II'tactar.a of tir. "itla boul. (.".ia.) 

It- tire ' pre .. ure (p.d') 

b . • ,ni-ehord of boulder in longitudinal dir~etiOD of 
1nter.~tion of tire perimeter (111) 

111e'jl forJllUlaa ' were u,,,d for eowputing the data for · th. · tir.· 

pr",UrA ' -defl'lltion !:urves shulm in Figure 34. 11111 ara'" indic.t .. 

the UI9!1nt of riae .of the axle (h) aDd con.equantl)' the work perfOl'lMIi • 
• 

(w • ~) when traveling 9ver luge bouldera of varying di_tar · 'lith 

different tire pr".sure.. It sh9Uld be eJlphadzed that t.\a . )IOrk r .'

. 'lulred-will be e fJJnetion of the bounder .be .nd tire pr ... lU" aad 

th.t lover · tire pre.sure. ·will gr~stl)' reduce the work r.quirad to ero •• 

An)' given boulder · •. be. 'lhe total vork re'IUlred will be ,.rf~ 

pYer a period fram initial contect III1til the vehicle axle 1& directl)' 
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".IM eat ... of the boulller. Boulden ae «:-.lmed lap 1& tM. • 
• 

1M tir., _lla _lura rill b. lUlely QClo." by die tire .. 

rill r-.ir. _ e.w.1ticmll ar01llllll au for tire nypart. ft._k 

r.uN to travel ovar the .. tyPe' 11 _11 .. tile act .. l lift of 

eM 1lIl. 11 • _11 frecti_ of the boa 1m ita.ter. 

(3) . 

tilt .,lIlicl, w111 at times b, required to Delottata cr ......... , ft. 

~rk required w111 depend on the width of the cr • ., •••• eDd tire ~ •• -

lUre. 

With the vehicle axle aver the c •• tar !If the cr ......... _.tlra 

"prillaion .t th. .dJ. of the ~rey .... · rill be: 

• 

, 

• 

h. 

• 

la • tir. i.pu .. 1,," 

p • tk. pr ... ID' • 

••• til. ul. 11 dir .. tly "nr the .... of tile ~u ...... 

h • '<$,5) 3/2 , 
.D4 r.acb.. th. ~l 

h. (a.n 312 , 
after it tre •• l1 • d1ltuee ...,.al to CJoe _j_ au at tM 

cootaet aliip .. (14 -y b), 

• 
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3. 

Determination of the max hmnn power requirulCnts for mobil1utiaa 

of the roying yehi<:le was based on the folloJling a8l1,lliptioBII 

a. Vebi<:ll' apeI'd of 3 )IIJIh 

b. Zero tire deflel'tion, hud tire 

<:. Friction 1088 due to tire-to-.urf&\'a . coutact 11 '' '1'0. 

(Thia includes tir. JIIIlterial hysteresis 1.0" and .l,Irfaca dafOl'lUtillll). 

d. )loriDal trav.el will be over flat .Ilrface with ,uxiaIa dopa 

of 150 . ' )lesotiation of 3-4 foot ,IIi_tar boulden-,,111 N ' raC(l&iru. 

A bpulUr of · thb IT..wind sba could l>e. encountn.d OIl • . 1".1 •• 

Ev.n thouSh it has been shown that Ie .. po .. r i. re'luirH 

to cro~.a boul~r ' with a 80ft (low pre •• ure) tire than with • heri 

tir •• a hard tir • . ana1y.i. i. 1,1 •• ,11 her, ·to •• tabIt.h • ~ ,...r 

t. for ~ft t1re • , 

·ratJl.1re. til.. 1,11& ' of .~1fi" ,data for each a1tuat~. ..*~ ~1t1c 
" . 

,dat.· l'aC(I&lra4 1& BOt mo,m 1D .11 c...... the .'."EfptiOll of ' . bar. tir • 

••• ,.,4 • . for ' c:alC:\ll.UOIl p!lrpo.... '1'b1& ' ,,111 a.'&blhh a _t.m poIlU 

· r.quir~nt . for , th. ao.t ·adv.r •• . c:1rc~t'nc:e. ,ad will provitla a 

.,af.ty factor for BOr .. l opar.Uqa •• · ltay boulder or CI'_" ,,, .. lie 

,c:qayart.4 iato ' ~ aqll1valeli.t alllpa for. liar. tire. '%a tile . caN g 

.,l4&re. it ........ 4 th.t CUYWD!Ild ba 

OIl top of ~ 

. will ~l' at ' l:ha fir,t Jl/Jiat of c_tut "d Will tII_ •• CI''''' to ••• 
• • 

, 

~ tharah1ct.. axle l' .41r~Uy .'er tile t01' of the boul4&r. lfttll 

e H .ft tir.; . tlae illcr .... in torque will be p.dual dll' to Ur •• - . 

. flectiOll end til.' un- instantaneous tOl'que .• ill.ljICr .... .... ~ • 
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"""oa •• 111 e<{uivalent elope. 'lbue two ccmditioa. are illu.t:rete4 

Ia Pipe 35. 'lbe teble shown with 'igure 36 _. co.pUed to .1" ... til. 

cln tor'lue requirements for the design elope of 150 and tile equbalant 

110p .. for boulders and ditches of varying di_tar. and widtll. 

rllpocUvely. Alao ahown in thb table 10 the rl1Uire4 tor~ an 

r •• ction for the variou. condition.. 'lbe IUpb of lip. 37 the .. 

m. relation.hip between dope and tor'lue re'luin_nto per ... 1. 'lb. 

If'ph of l1gure 38 indicates the ape.d v_raul tor~ n'lllir_to for 

a f.Uy of COII.tant power curv... 'lb ••• arapb. 011 nillel • .abllit)' 

c~.ract.ri.tic. were b •• ed on an ••• u.ad vehicle load of 95 ~. 

por Wh.al a •• tated for tire calculation.. Total continuous power 

r~lIir_nto for lWIIement at 3 mU .. per hour on a 15 daar~ •• lope 

WI. d.tarmined to be 0.38 hor.epower (0.283 IW) a. shewn b.1OW. 

Tor~ue per wheel on 150 .lopa· 192 ft. lb. (ITa-.rta. 37) 

2 

Total tor~ua • 344 ft. lb •• 

hOlD Pi,ur. 38 •• t • tor'lUl of 384 ft. lb •• a"" 

3 aila. par bour we find that 0.38 bp i. r.~uir.d. In tile .... t til. 

yablel •• ncount.r •• boulder or dltcb of til • • pacifiad .i •••• til. va

hicla .paad wl11 be reduced accordinal)' •• nd .1Ilc. ,-r ddlvare4 to 

til. wh •• l will r .... in conatant . the torque will fncr .... to !lalot1ate 

tb. ob.tacle. ror example. if a boulder 3 f •• t in d1aatar i •• n

c~!Dt.r.d by on. wheel on a 150 .lope tile totel tor~ue required will 

b. 934 ft. lb •• (550 + 384) o.nd the vehicle .p.ed will be reduce4 to 

1.1 mph (frOIO rig. 38) . 
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4. Drive anc! C9ntrol System 

It 11 pr'''~S!801. t .... t ~ 'YU,i.eI, • ~tyen by tpo ",.r.tt 

,lllCtdcal .. ~. 111 ~"r tOc' a!,c~lbla the 81.,1. l'OIItrol '7I!t • 
• 

4a.tred. au _tor, alblll vith a ,lautary raol. ... ct ion .ur lfiUba 

llou.,c1 intic!. tht axle .t each. JIh.d hub. 'lb. IIOtora Ifill be 4fi.,.. 

byAC !,urrant frOll th, tllrbp-aen.ratpr of th • ..-111 pPWr ' ,llllt. ''' ' 

lt1.cl' c91itrol wl1l ~ J1:~1"a" bYI1.1a,I I&l"fO IIIIlt& att'""' . to NCk 

.. ~. • .. btth ....... au t:¥faill, at· tIaa _ ',.Ilel thlltr 'l~trl.eat 

~tp!St : Ifill b. the .• _ lIIeI-will cne,l "lit. ,. .. ~elr .P .... ~ 

. .. . tUlr oI.1ffarant outJl!lU, Will .ddeel, !rill ....., ..... t _t. 
Jl&t~ .UI operata a ~trol ~1_ to 1n'iq ~. t)IIO .... 1. t, 

~ ..... ",11. bt,mal 81p:alt cas b. feci to th. "OIltrol 

til ~. vehlcle. Wlth a 'Y&h1cI .... ed of only 3 ., control 

of the-veh1cl. ~ b •• lmpl. y.t e.t1.factory. Tia delay .ffectl of 

. r"io all~ TV .11nl1 travel from the I!OOD to .. rth IIId baa (approxi. 

pr.cl.ton c .. tro1 of tka vek1cla 

!U.U1c"lt. '!:ha ·".l\1aflf. C!lllPI!llC .y.t-, a ... ~ cOiltrol IIMI 

yar1alllatlluiq 'rat,cfllltroll, 11 cIoubtful lar .. l, ~ of tki. 

U .. .,111 .Uut.. ). . • tllpll "011", "ott", "r.,in." OOIItrol for 
• 

• 

•• 11 ulI ·IIII .. "IIft wlth 110 proyhlO11 for ...... oOlltrol. of till 
. -

yeh1cl. cas lieacllllllpllehecl by .topplq 01\& wh.&1 wh11. ~. 0~1r 

. CORtinn. to turn or by .toppins both !lhaela and raveu1na on,. 1).e 
. . 

"f ·_1cI. ~.ct1oa v1U ba eltr&tly prOfFt1jlaa-1 ~ . 

.. v .. t .... of .1JIp1. 

·CjllltrjJl. ar. lI&r"a,,,1I welabt and iac:raued reliabllity. 
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BOULDER DItCH EQU IV. SLO PE TORQUE TORQUE ARM 
DIA. FT. WID'l'B FT. # REACTION LBS. 

15° * 192 12 . B 

1.0 l50 28° 350 23.3 
2 .0 10:00 40 480 32 .0 
3.0 II. 75 47 550 36.7 

• 

4.0 13.00" 53.5 600 40.0 

* DESIGN POINT 

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

FIG 36.aOULDER SIZE - EQUIVALENT SLOPE VS TORQUE DI'r.>n 
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jl., 

, 

e"-ly ,tagea pf the design atudiea butW&8 laterrep18~d by tlaa pro-

pO'~ YJh1Clll diacl1B8ed in paragraph B. above. '.!hilt "ehide reaellbU. 

, the prqPO.II~ vllhicle in general configuration but haa , two tprque aru 
, , 

III this versiOll, a TV 8C8")l1na cUlitU ', alul' c~n4rlU , . ' . 

•• uld be _\lAted on each, torque arm i ,natesd ()f in the innr\lll!t,nt f:"" 

, aI" the 

.,...icle ('beDI,d directiQll. 1111. velUi:le ••• ' tp '~' J,i("e;r ••• li!y.: ~ ... 

cycle turbine driven ratectric ,generatl>r B1st.- lJ'aing 8 .t.-a.ble 1tfr 

.. nut .,acll : u Ilydrua.. the 1nltr_,tatipn ".. tP, h. piO, .. red Ity 

8 _lar ' f:e1l ayatea. l'Ilh cPJ1C'pt of the llil'u rpviJ!.ly~~l'" 1'81 
, 

' of tu propOled vehicle dtllr .IIQrI' C,..,la 1: •• '~dy 

........ 
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• • JUiiUlWlt C(l(PAJ. tHDf COOLIIIG BY81Bi'1 

1. 

nao lunar n hiclo paylood 18 conaiderd .. tho ta.tr .... DtUlGa 

.-elulao 1Ib.1eb it c·rri .. to perlo,. tho ".ird ian .UI&t1oo!. of tho 

.a.ir_nt . 'tho ,..opo .. d opperato ........ ly inclu4o.: 

a. fe1nia1on .y.ta 

b. OraviMur 

c. "i-.1c Apparatu. 

d. ~l ,....ur,..nt Davic .. 

a. 'apl, Collactin, Iqui,.ant 

f. X-lay rluora.canca a.d Diffraction Iqui~t 

I. a- lay 'ciOllUllaUpn a,.ctr_·tllr 

• 

thh will ba hou.,d in an in.tr_t packqo ..... Pl __ 

noath tho vohicla axlo in the travel ins po.ition. All in.tru.aat. ra

~iriAa c~pliAa to maintain .uitahle operatin, tamparatura. will ba 

hop.ad in an iD.ulatad and rofrisaratod ,oapartma~t withia tho paclulaa. 

__ pf th.a apparatul. luch al tho ... pla collactor · which d~ .. IIjIt n

~in a coatrollad operatias taperatura. will be hOlilad in an !lJ'1:~l •• 

cpapartmont of tho pecl!&la dllriAa trav.l and •• Undld on an artiQulated 

arm for operation. laquirad 1110 ~f thl packaJl C'M~t bl .dotlnlilled 

until datli11 of inlt~ntltion and c~li .. a"lratPI kayo ~I&D Iitab-

lhhad and ffnal arranl_nt within thl ,ackql h 

,.,.r roqpirOllODtl for ipltr~pt operation mult Olio bo ~t~ 

of tar an oporltina laquonca ' i. o.tabli.hod. 

52 



-- --

/' 
, 

• 

• • 

• 

Figllt 39 . 



• 

. 1 

" , 

, 
. !". 

.--_ _ __ . ,,:\ :1 , \ 

-

'-....• 
--:::::---...... 

• 

mars , 

- ' 
• 

Figure 404. LUIWt IOViliG V!RJCI.p; - UtI'IlATE (SID! VUlI) 



- - -

, 

7 ' 

1-- . -' - - -
- -

/ -- -. '-- - - ... : ... -
-

~ - . 
-'l.. -

\ , \ 

~ ...... c rr 7 = 
--

-_ ••• .,tU2 '3 

-- - --

Figure 401. UJIIAR ROViliG VEHICLE - ALTERNATE (FROIII vIEW) 



2. Characteristics (Figure 41) 

Instrument compartment cooling will be accomplished by a re-

frigeration unit operating on a reversed Brayton Cycle. The compressor 

will 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 

st 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 wil l 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 ins t rument compartment for cooling. 

The work gained in the expans ion turbine will be utilized to aid in 

driving the compressor which wi l l reduce the net external power require-

ment to operate the sys tem. 

Using Hydrogen as a working medium, t his system will provide 

the instrument compartment wi th a gaseous atmosphere at a pressure of 

5 psia. The gas will enter the compartment at 3SoF and leave at l400 F. 

In.truments can be placed .in the compartment so that those requiring 

tbe lowest operating t emperature will be near the inlet side of the 

tment and those with higher t olerable operating temperature will 

be n.ar the war.er outlet side. A system schematic and temperature 

entropy chart ba.ed on Hydrogen is shown in Figure 41. 

With the cooling load of 6.137 BnJ per minute the power re

,uir ... nt for the .y.tem will -be 0.469 hp (0.35~. Preliminary 
-

• 
• 
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calculations show that other work ing mediums such as air or nitrogen 

will result in approximately the same power requirements. Final choice 

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

characteristics as leakage susceptibility, chemical reactions within 

the instrument compartmen and den" ity as related to fluid friction 

losses in lines and rotating components. 

3. SUU41ldry of Calculations (See. Append!x I) 

Since all fac t ors affec ting he cooling s ystem are not known 

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

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

following assumptions which. are believed t o be reasonable enough to 

give indicative results . 

a. Continuous inter nal hea t l oad from instrument operation 

• 

100 watts (5.688 BTU/ min) . 

b. Ins t rument compartment size 3' x 2 ' X 4'; 52 sq. ft. 

external surface. 
• 

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

d. Weight of compar t ment 300 Ibs • 
• 

The compar t ment may be suppor ted wi t hin the payload package 

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

of support , . the primary consi.derat ions 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 5-14 
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insulation. Results showed that heat transfer using piano wire would 

be 0.571 BTU/min and using the Linde insulation it would be 0.174 BTU/ .in. 

Therefore, it is 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 .edium 

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 systea will be: 

Internal load (100 Watts) 5.688 BTU/min 

Load through insulation 

Load through electrical wir es 

Total Load 

0.174 

0.275 

6.137 BTU/min. 
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E. POIIEIt PlANTS 

1. Proposed power Plant 

a. Ch,aracteristics (Figures 42, 43 and 44) . The propOsed PO"er 

plant for the lunar roving vehicle is based on a closed cycle turbo_ 

generator utilizing a simple Rankin Cycle with mercury vapor a s the 

working fluid. This type power plant may be ut ilized for either of 
the 

two roving vehicles considered in th is report. The operating cycle is 

-shown schematically in Figure 42 and a typical temperature-entropy (l-S) 

diagram is shown in Figure 43 . Solar energy is ut ilized to fire the 
, 

boiler which delivers saturated mercury vapor to the turbine at the re_ 

quired temperature and pressure. The turhine exhaust is t hen ,condensed 

and returned to the boiler by the boiler feed pump to complete the 

cycle. The total weight qf this power plant , including the working 

fluid, will be 100- 140 pounds. The selection of a boiler operat ing 

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 

a. it passes through the engine. As the boiler pressur e is increased 

with saturated vapor conditions, the heat transfer losses by radiation 

increase and vapor quality leaving the engine decreas'es a8 shown in 

Figure 44. The weight of engine hous ing, . boiler and high pressure 

lines must be increased as the boiler pressure increases. Thermal 

efficiency increases as the boiler pr essure is increased as shown in 

Figure 44. The metallurgical temperature limit for the turbine blades 

is approxImately l2000 F. To obtain maximum heat transfer, the conden,er 

should be operated at the highest possible te~ratures. However, when 
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inlet condltlon~ are constant, the the r-.I efflcle~7 o f 

deere-a les wh en the outlet temperatur e 1. loC'r e.a 
I I r.hl at , 

a compromise mus t be r eached in eo t,ab I Ioh lng Opt'- cond 

temperatures. It has been determined tbet conde nle.r a.r e.a can p 

within reasonable limits and a sat I . fac tor y ther.a l efflcl.nC7 'a In d 

with the condenser operating at one psla and 457.7Op condltton. . til a 

overall efficiency of this power plant will be approx'-ataly 17.97. 

based on ratio of generator output t o solar energy input. An enarl7 

flow diagram for this system is shown in Figure 45. 

This system offers the following major 

other systems considered: 

ovar 

(1) Light weight - due t o t he fact that the fuel l upply 

is solar energy. the components of the systea are lightweight and the 

quantity of working medium (mercury vapor) is cons t ant. 

(2) The system is capable of continuous operation at 

maximum output of 975 watts throughou t the daylight period. The ve

hicle may be halted for long periods to carry out scientific invelti

gations without danger of consuming all the fuel and immobilizing the 

vehicle. During these periods the entire power output of the Iyatea 

is available for operation of instrulilentation and tbe cooling ayatea. 

(3) Usable life of the vehicle is not 1taited by tbe pawer 

plant. With proper orientation of the parabolic reflector prior to 

darkness and proper preservation of instru.entation, tbe power ,laDt 

is capable of operation during each succeeding period of .~I1abt. 

• 
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b. (1 f..a... 46:) 

(1) Ioiler. ""e boiler 

t-lle , 'ubol1.c reflector, .,apor ll.n.e., od ..,a"r.t~ T .... l. 1\e 

,nabol1.c of uyolut i.cm of the reflutor will h • .,. e foeal lenatla of 

three f .. t and viII be 'pprox1mently aeven and one-half feet in di., 

_tar. It will be .ade of lightweight .heet _tal havina up to 951 

.olar reflectivity. Geometric accuracy of the paraboloid muet be very 

clo .. ly cOlltrolled • . '11>e eTaporatiltg :naael AIId vapor lilt .. vill be 

in.ulated vith .ulti-layered metal foil with • very low infr.red 

.. t .. hity f.ctor in order to aiD1!1be the heat. lou. 

(2) Turbbe. It i, generally .tr.ve . th.t ,t1aerMipr9C.tilla 

.",ine 11 lIore efficient than the turbil1e for ... 11 P9Wer out.Jlll:ts. 

Kowover, lI&tutal cQllP&tibility probl~ areencQUAtere" ~en u.~ 

MrI:Jll"Y .,apDt . " the fluid. "'11>e.e ,uteria.l Jro\l"- arellOl"e 

oa.Uy IIbvi.ted in tl'rbine deligu dlll'e · there .re 1 ••• lIQyina J'Vtl 

.. d tllere 11 lIOl"e .~l.ted eXHrieaCe in •• oh~ tb ... 

for, turbine application.. Since theentbalpy .. drop of the ~apor , tbroup 

. the turbi!le .1' mill" the velc>city of the ' :vapor, l".,1\lathe llol.le will 
, 

, b" ndl in CYiilpn1aon .. to the :velocity in •• te .. cycle. , , 1\eraf~re, 

, the mercury yepor tu.rbine cen.0Jl8out.e, with a lqwer: blld, apaed and, 

, cC!!1'eqUalltly" lower rotational losses than a steam t urbine.; Basea on 

prelim1nary calculations" a two-stage impulse turbine ' is recoililliended. 
, 

Indications are that this turbine will have a 
. , . . 

maximum mechanical 
, 

efficiency of approximately 50% 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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""a .. req,l1red. 

(3) , Condenaer. Due to the low operatina pr ... ure of 

paia at 457.70, the condenser .. y be made of lightwe1&lot ata1ftI ••• 

Iteal aheet metal. The outer surface ~f the conden.ar .uat b. 101&1011 

reflective to 80lar energy and highly emf •• ive to infrar.d. Aaa,mi •• 

Ul _i .. ivity of 0.95. a radiating 8urface of 19.25 aquare f .. t will 1>. 

· raquireel. The c0n4enaer dedgn operatina t_,eratur. of 457. t>r 10 

· well above . tile lunar · surface terpe.rat\tta , wb.ich .,k .. it po .. ibl. for ell • 

. e~t1re CIIlter. our face t<:L~ utilized for heat . trand.n aad au.ll4!at •• 

the requlr_nt for : COD.tut reorientaUon . a • . the nlliela llI!'a • . _to , 

. 2. 

a. .' 

. .(1) , aageral. ~ . o.Jl8!l c)'Cle tu"'!Io-.~.Il~at .. .,..,!ar ,l-,.t 

".1q .h.~lIi. a. ' the . worltlag fluid. . was lIlYeetlaateei to lia.te~e · tlla 

faed"ll1ty of uUI.idng . 8~h ,a power plant for tIle . lu.VT uviq. n

· IIiela. Due · to . thl! 19W thel"ll&l efficieo.cy andlliall rotatirmal t1lrb11le 

· h ..... , .C¥ !:*tal 7J:C!peUQ,t. weiah.t .r!l4U~~ ~. a -'0 . . . . , 

· ~J'lut. wc...t4be appr~u..tely 6OO~ •• ~"~~ J1' .. t~7 
• 

axcNd. wlSO . tOtal )'qINr ,l~t .,.~aAt (~11l4~ .. JW.,.l1Al1tll). 
. " 

. (2) 

• 

.. , 
• , , 

rrOta tha relation , 'i~,:_, ,n". ,!l 
·, 2.:J '. ' . , , 

1iIIere · VI ' • . 01 V2 ·4~00 f;/Iac : • . ',tlle oll&JIII ' ~ 
, '. . . 

.. alltllalpy ( A : H) 1' · fOlll.ld tc .. bl 3,52 , .'l'U/~II. 

, .ilt"II, IIlvid ~, D. D. 'l'h_., . ~a1ult~ , qf · H7dr.alil\. II 1)(0110· 
pro,.l1ut lAd I QI' Cffolllrut" hoar," :"port , lOa 9.36, . J,t ho-
pullion .I.aboratQf1. ~pdl . 17 ,, 194'. . " . 

. 
• • 

• 
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( I ) 1A I .... 

( 2) ut~l 10 .. " eta to fT1ctiml u4 

tla of Ul. U .... 1a .u, .. u-rlal ,utlel &Gi ...... . 

() l·ek.,. loa ... ,·.t lb. 4leJkr .... b.ft ,Icktaa 

.. ,..t 
(4) ~ 1eniq lOll clue to lb. Id •• tie "'uU at u. • 

... It .f Q. latt bId. rOlf. 

() Loll of .nera by cOI1dllctiOl\ of heat tllrovp tb 

tll1'b lU c •• iq. 

.y .4diq lb. tbov. 10 ..... a turbl". _elI .• dcal 

• ffictancy of 60 ,.rc.Dt va ••• tt.at.d. Th. rotatlODll 10 •••• r.pr' •• Dt 

f.U .... 

• 

60 

.a~b. cllcvl.t14 II 

1 II, Ill' • 2544 IrU/br 

'OC: 60 ,.reut t"rb1u .Utcl.,MY til • . t.vdlu1e · o!lq. of 

.. WI". ~. 211.5 .1'nI/lb •. (352 · 1'1'111 lb. x .601 .• U ........ ,) 
• 

. tta. .... • 12.' lb/u. l'~U" 
• 

• I 

• 

• 

• 

• 
• 

o 

• 

• 
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-

b. lIot Ga. lIr>tor 

(1) Genua!. An invuUgat1cA vu abo .-4. _ a ,ue. 

typ. hot 

tIlh typo pcn~ plllDt h .. a ...:h bigher th ...... l afHe1ency the tho 

turbine, the total propellant woight rlquirl. for )0 horl.ro-er-kour 

operation would bl approximatlly 220 pound I which 0 .. 1041 til. total 

powor plant weight allowance. Therlforl, no furthlr conlidoration WI. 

aivln to thil type power plllDt. 

(2) . Characterbtici. .bton typa hot aao _tor ...... 

• pable of delivering one to three hor.epower and wei",1", a".osi-

_tely three pounds are «""lercially available, howevor , .sataUod 

.pec1f1eatlOll. are aot available at thb tiM . . .... to tIla ata,orabll 

ranlu qbta11led for the .,pen cycle tvbi ... y.t ... ulculaUaa. have 

baen. perfor .. d on the piston type using certain thor.odyn.·1c 1a1or-a-

tlou .. trO" Fiave 47. and the follOWing relationl 

.::1 812 • Cpo ln -r2 - J. In .11 
Tl II 

(3) 
• 

.. Where 812 • change in entropy trOll • • tat. 1 to Itata 2 

. Cp • apecHic h.at (~.taDt pr .... re) 

. 1 - Ga. cOll.tant 

P • ··rr.enure 

T • Tempar.tur. 

Iy .••• ua1na .ftC oh.ns • . 1n .entropy and .n ·.xh.u.t pr ••• ur., the propal1 .. ~ 
• 

.. c ••• cry. to .4r1.,. tha hor .. powar IIQtor ,..,. CaD. b. oa1~1ata4 • 

. ror oll •• r · t_,.ratllra. 15000, .th •• ,.cif1c-laMt r.t4 , (9) ... 

. tla • . 1I01acIl1·cr w1pt. (R) CaD . b. found . Ir. risur. · 47 • . U.iIIa the .. 
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, 
values and an assumed exhaust pressure of 1.0 ps i in equation (3) above, , 

a change in enthalpy of 970 BTU/lb is determined. If a mechanical I 

, 

effieicney of 60 
percent is assumed , the total propellant weight required 

, 

1 219 ds which exceeds the total power plant weight 
is approximate y poun ' 

and eliminates this system from further consideration. 

c. Solar Cells. Since solar radiation on 'the lunar surface has 

such a high intensity, t he use of solar ce l l s as a means of power Con

version was investigated. Solar cells have the characteristics of losing " 

efficiency as their operating temperature increases. Under ideal labor_ 
-

atory conditions, solar cells will oper ate a t an e f ficiency as high as 

10- 127.. However , for use on the lunar roving vehicle , the conditions 

are anything but ideal. An operating temperature of around 2000 F can 

be expected with a resulting efficiency of f r om 4 t o 57.. 

Vehicle power requirements , including both mobility and 

electronics equipment, amount t o appr oxi mately 650 wat t s. Solar cell 

area required for t his power output would be abou t 160 square fee t. It 

is obvious that wit h this much area r equired the use of a solar cell 

power plant · would result in a very impractical veh icle. 

d. Hydr ogen- Peroxide. The most efficient power plant using 

H202 as a monoprope11ant would requir e abou t 8 l bs of fuel per hp-hr. 

Again assuming a 50 hp-hr power requirement, the r equired fuel would 

weigh 400 lbs which exceeds the 150 lb weight limit.tion. 

' e. From an efficiency and weiaht ' standpolnt 

the hydrolen-o~ygen power plant is the best .s far •• open cJCle systems 

are concerned. It appears from published d.t . and prelt.1aary c.lcul.-
, 

· tions that 2.5 lb/hp-hr can be expected. 1ft i _. n .... m1.na • 50 hp-hr 
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• • • .. - . .. . ..- • • 
• 

·requirement, tile fuel reqllire.mt would be 125 lb.. Cryoauic .torq • 

. of the llydroSeD .. lUld . .for: ).4 e:8rth .uYIl weier ]\lDar ... ,u-tal 

c:01leliU01l • . would be a . cU,ff1eult problem. AdditiO!lAl fu.l .wlel lane 

to bepruvided to cOlapelleate for lo.a=& due to boil off • . Pnliaiury 

lave.tisationa .illel1c:ate that thia boil off rate c:ould .ot be kept ~ 

~&h . to mlke ·this .y.teDI . pl'IIcUc:al. 

• 
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can be designed to operate satisfactorily in a vacuum .at temperatures 

of 6000
,. 

(3) E.tim'ted weight · of the A.C. electrically_tea i_ 25 

pound •• When a44e4 to the e.tim'ted P9wer plant . weiaht ·of 110 pound., 

this will give a total power .Yltem .weight of 135 pounds which il With_ 

in the allowable' weight. 

(4) The overall system efficiency is satisfactory as shown 

by the following . calC\11aUODS based on 1Ql0wa.A .• C. component character_ 

hUc •• 

Alternator 
• 

Input to alternator (From Figure 45)------------1150 watts 
• 

Altertlator ". outp\lt------------------------------- 975 watts 
(EfficieDcy 85~ @ 24~OOO rpm). 

Drive Power 

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

hr on a 150 slope requiring · 380 foot pounds torque (From Figure 38). 

Drive SbaftOutput @ 5\ rpm and 400 ft. lb.----- . 283 watts 

Required Input · to Reduction. Gears-----------_--- 349 watts 
(Efficiency 8l~ .@ 300 rpm in .- 5\ rpm out) 

Required Input to MOtor (Total Drive Load)------ . 
(iUiciel\cy 85~@ Rated .RPM) 

• 

Where conditions other than design conditions are . encountered, 

such .as crossing. a boulder or other obstacle requiring higher torque, the 

s~eed . will b. r.duced and drive . shaft power available .will also be re-

. duced due to low.J:' IIIOtor operating efficiency as shown below. Hpweyer, 

. !:he total drive remain the same as shown below. 
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( .. 1 ...... 

... .,1ra<l 1Ipu to Un ..... ---- _ . . ___ ,a,. 
(lfftd.acy all :'1 r,. 11 • r~ ,> 

J!kI, tor - Tot.a t Dr l.' 'C l ...... _. 

191 raL d r,.) 

Irlt._ Poycr !.!sulr_tl 

"'" ... t Utnr.-ot c:~~ot c:ooiLat 

bp (3SO Vitti ) (froe c:ocllna .7.'~ c:.lculatloaa) . 

Input to till c:oeprUlor clrhe ..,tor vi ll bl : 

Ibaft Output· CoeprUlor Drh. Motor··_ •••• •• _ )50 _ to 

kqulred lJIput to Motor (851 efQ······ .•...... 

lb. total coatlnuou. power load fOT lnlt'"-t 

~I .. Iu.e.s to bl 100 Vitti lod tbl yehlc:ll c:ontrol 10ld 1. 

, 

to bl 14 Vettl. Hovn .. , thl totd po ... r output of 915 w 'u 1 ... ,1wI 

c:ocUna loed vlll be a"anable for lpec:lal 1.llltnment oper l ,l ... 

II l&llpll c:olllc:tor operation, when tbe vehlc:l e II b.altld. 111. '0,"1 

Iriv. Load------------------------------------- 411 .att. 

Cool1a& lcad----------------------------------- 411 

lDltru.ent Load-------------------------------- 100 

Control 'c'd----------------------------------• 14 

Total wad-------------------------- ')60 _ttl 

SiDol tbe ,Inlrltor output viii be 975 vettl t~ .. , ~ 

aYIUabl1 tor c:bU',in8 I battery pac:k and/or other c:oetiqnc:1I1 rill IN I 

Cenerator OUtput--------------------- ...... --------- .75 ..:ct. 

Calculated Load---------------------------,--- .16 

Power Availabl. for Othlr UI.. " _eu 
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. ,1 'I .. o f ••• C. • .. 00 Ut. 

.... \I t ~'l ~ '11'" va. un aa tl .taClOT , duo 

'0 foil t dal I e •. 

• • 12 .000 r,. Lt Ill' _lui aalt for 

.. , •• ~i'" nol"". 'nil. Ie u ••• tlafactory fOT 4luo~ 

l .... ~I .. 4r LY •• 

~. ~ •• t •••• r. I.C •• ,.t .. r .. ulr •• lb. u •• of bru.b.l. 'nI • 

• ft u of 1_ ..... lr_t OIl upolld bru.h operat1oe b..,. aot bll" 

.. t0raJae4. --' •• It II f.lt tb.t weny lIclml .. 1 J'TH1_ woul" b • 

• at_t.ro". naG ro~ulr_at to oper.t •• t 6000, t..,ar.turo will re

~lr •• ,.o1al bru.b kol"r 1l000ltructi0ll .a" .peo1al bl'\llb... .,.0101 

... 11 _I .. b. re~lr'" It ,ro .. urta..s eo.taiura wore ro~ulr... Iru.k-

1 ••• '.c ... tor i h ... b ... bUilt. but oal, 1 .... 11 fractloaal hor.a

Tall t.ekal~ue r.~ulr •• COII.l •• T.bl ..... lo,...t aed 

oper. tlna .ffle l.nel ••• r. "ot known .t thl. tl ... 

e . Tot.l walibtl for D.C. I,.t ... war ••• tt.&t •• b •••• 011 full 

tt.. .iM pert tt.. oper.t101l ... Ibow", balow. IIl.ll but 011. c ••• of 

latorattt •• t operotloe tla ••• tlMt .. velibtl .ac ..... dI •• 1l_Itl. 

walibt. th ••• calculatloa. war ..... b, takiaa th. total watta •• 10" 

calcullt.d. ratiaa tIIll by pere."t of avallabl. capoelt,. 104 •• tlMtllll 

til. wolibt .f dI • .cIa .. lcal ult fr.- til .. pRcoat .... 
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Rated Speed -

nee. 8y.tem 
Weight (Lb.). 

High Torque 40 

1 hr , in 6 hr. 80 

10 ain. in 60 ain. 42 

Power Plant 
. Weight (Lb.). 

21.5 

80 

82 

Total 
Weight (Lb.) • 

160 

124 

On , the part ti .. operation 'Yltem" batteriel wwul4 ba. UI" 

,0 ,upp1y peak load d_d." thu. minimi&1nl power ,lant output re-

,uireaent. and 11 .. of plU)t. 

d. Tb. oyer,ll .fficiency of a D.C. Iy.tam vou14 ~. unlatil-

eetory a •• hown by the follo.ina calcu1atiOD'1 

Input to leductioD , G.ar ' ~rrQa Figura 4.5)---------11.50 wattl 

Iaput to Gener.tQr--~------~-------------------.. 103S •• tt. 
(Iffid.ney 907. @ 12,0'00 rpa out) 

Generator OUtput---------_______________________ _ 

(Iffieiency 801.) 

, Do-,iV', lov.r ', 

n.a1an l)rive L9ad 0.38 hp - 283 vattl (Filur'a 38) 

Drive Shaft Output @ 5\ rpm ,and 400 ft. Ib.------ 283 watt I 

•• quir.d Input to Reduction Gear---------________ 393 watt. 
(Iffici.ney 727. @ 4000 rpm in - .5\ rpm out) 

R.quired Input to Hator (Total Drive Load)-----__ 
(lffiei.DOY 707. @ reted rpa) 

lor unu.ual conditiqn. euch al cro •• ing a boulder or cl 

I , hill requirlna hi" her than d"i,n torque, power rlquir_nt vUl 
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increase even though the speed will still decr·ease. 

Drive Shaft Output @ 25/8 rpm - · 1200 ft. lb.----- 424 watts ~f , 
&equ1red Input to &eduction Gears----------------- 590 watt. >j 
(Efficiency 28~ @ 2000 rpm 1n) 

laquired Input to MOtor·-·-·-~---·--·---·---·-·---
(Efficiency 57t @ 1/2 rated rpm) 

Cooling System .Power .Requirements 

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

Shaft . Output-Compressor Drive Motor--------------- 350 watts 

Required Input to Motor (70% eff.)---------------_ 500 watts 

'l1lus, assuming a maximum continuous D.C. input of 105 watts 

to the instrwaent COiipprtmellt and 14 watts for controls the · total load 

for norm'l operating conditions will be: 

will be: 

• 

70 

Drive Jnad @ rated rpm---------------------------- 562 .watts 

Cooling Load (D .• C. Drive)------------------------- 500 

Electronic Equipment (D.C. Input)-----------______ 105 

Co~trol . Load~------------------------------------- 14 

Emergency Battery Pack---------------------------- 39 

Total wad---------------------.-------

When operating under other than normal conditions the load 

Drive Load @ 1./2 rated rpm------------------------1124 watta 

Cooling Load (D.C, Drive)------------------------- SOO 

El'Qtronta Equipment. (D.C. Input)----------------- 105 

'Contrpl Load------------------~--~----_____ ~~---~- 14 

'mergeucyBattery Pack-----------~~--------~ _____ _ 39 , 
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G. LU'" t··,tIC ••• • " 

1. a .,.ara t .... 43' Per_tar. 

Pr .... t plaM1Aa for tha flnll pha .. of tha hnd1Aa .aqua"". 

for the Innar payload (.tationary package and roving vehicle) is a 

fr .. f a ll to t.pact following. braking st.ge to achieve a full stop. 

Ika paraissible t.pact velocity i •• omewhat higher than the planned 

velocity to be attained during free fall to allgw for any reSidual 

velocity which might remain after the last braking stage. Eatablished 

par_tera for this ph.ase of the landing which affect the shock absorber 

design are: 

a . KexlJa.aa permi88ible impact velocity - 17-20 K/8ec 
(60 ft/sec mean) 

b . K,xu.u. perat.sible deceleration - 20 g (Earth) 

c. Gro.s payload weight 

• 

- 2175 Ibs (Earth) 
362 lbs (Lunar) 

d. Krxlp.m weight of shock sbsorber and -
mounting 

275 Ibs 

e. Sa.. shock absorber design to be used for" both the 
stationary package and roving vehicle. 

f. Contaaination of lunar surface at point .of landing 
is permissible for the roving yehicle bU.t not for 
the stationary package. 

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

h. Krxt.na pet IOJ ssible take off diameter of shock . absorber 
device is 120 inches (missile payload di.wOlter). 

i. bbound of the payload after 1apact -,st be a1nimized. 

j. Statimary package _!It c_ to reat with IInreatriCted 
access to l1J71ar surface for core drill and sea1lllosraph 
operations. 

k. lAnath of shock absorber daviea IIIIlt · ba bald to 

• 

• 



• 

2. I.sic calcul.tions , , 

'lbe kinetic energy stored in the payloed upou '~-t wtth -..- th .• 

surface .. ill be: 

1/2 )(V2 _ 21,1,5 x 60
2 

I - '2 x 32.2 
- 121,000 ft lbs (154 lTU) 

'ince the IlUUaao per-betble deceler.tion 18 2.01 (aerth) , u. 

mIx"" force of deceleretion ~1l be (."Wlling • rilid Iv.,,, Icrhu) I 

F • Me -.!! x 20g - 20.. - 20 x 2175 • 43,500 lhe 
g 

To prevent rebound, .11 of the kinetic enerc _st M .beork4 

during Therefore, the re~uired deflection (8) of tha Ihock 

absorbar daviea _It be: 

S .! • . 
F 

- 2.8 ft. - 34 in. 

Tima of daceleretion .. ill ·be: 

- 0.093 See. 

3. Diacu .. ion 

An ideal solution tq the deceler.t;l.on probl .. for tha 1111l1r pay-

load would re~\lire the ahock .beorber to abeorb the 121,000 ft. lb •• of 

energy .in a distance of 2.8 feet . with a con.tant decaleration forca of 

43,500 pq\1nd.. Under .""h ideal cOl\ditions the load dafleetiOll curve 

~d .ppe.r ••• hown i~ Figure4aA. With .conatantly iueraa'ina decaler.· 

tion force zero to maximum .llowable the curve would .ppear ... hown 

in Figure 481. However. the lo.d.delfection (.tre •••• tr.in) curve. of 
-

c9'''~'' material. do .nqt cQ,incide with either of the.e condition.. 'tha , 
curves for _st COllDOn structur.l !letari.lit will .ppe.r somewh.t .s ahow 

1n Fiaure 49.6.. The curve. wHl vary for . eaeh matedal de,.ndi)l8 up ... 

it. pro~tf,onal lia1t, y1eld eCraAlth, ductility, ultimata .tranath. ate. 
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The ItTell-ltrain curve of saae industrial type shock absorbing material, 

aad _tala .ay deport frOlll the straight line Mti01\ of atress-strain 

curves (Booke'. Lav) as shown in Figure 49B. Bowever. unleaa the rupture 

strength of the _tarid is exceeded the elas'tie hysteresia v.111 cause 

the _terial to partially return to its original ,eondition .a. ,&hovn by 

the dotted line i~ Figure 49B. This is desirable for industrlal appli_ 

cation. but . • ould cause ~deairable rebo"'~d ~ the luner ,.,.lold 
, ' 

.pp11-

c.tion. ,Other uadesirable features of such _tar ial. ,are high , unit 

veight •• v ... ll unit . strain (deflec~i01\) lIhieh would require axceuiye 

lloath .nd weight for ·.thl payload &hoek .• bacn;blr. • 

~ar _jor eqaai4arationl in . ~ •• hock .ab.orbar ".~ . ara 

the .effact. of other than yertical ~ct. lat.ra1 .etioa of. ,.y.10Id 

.t iIopact. qd ~t on. uneyen tarrain. 

A .hock .• bsorber. for thi. applie.tion &hould b. relatiy.1y 

.!.apl. in o,,-r .• Uon .and .t tile , e_e the .it •• t »have the lIaceuary 

isUes to insue complete reliability wc\.ar,· .-wbat un

predic.table h"let c11;c_tanea.. Very accuate ealibr.tion 1(111 .bo 

be ..,It iaportUt. It . 11 !lot intellded to propo .. a a!)lution to this 

probl .... .. t thb Ume. Several posdble soluUonl ere d1acljllad below 

to indic.te the nllse of possibilities beil\& conaideJOed. . 

pp'lsibility li.ted, •• vell •• other. th.t aay dey.10p, mult be woes 

, thorouply ilw .. tisated and teatad before arri'f1l1& .t a "ben" lolutioll. 

4. 

a. Corrug.ted Cardboard. A crush.ble mat.JOt.l con.ider-

ed for ule in the shock .bsorber V.I corrugated paper. A atr ••••• tr.in 

curya obt.in.d by .t.tic 10ld1na • 1..,1. of th1 ... teria1 1 •• hOWA in 

74 



S DEFLE C.TI ON) 2.8 FT. 
tiME) 0.0 93 SEC, 

43, .5DD LB ~--- - - ---

13, . CONSTANT DEC.I ERP\lION 
IN CJ<.EA SI NG. LO AD 

I 
I 

I 
I ~ 7/' E - 1l.1, 000 E T LBS 
I.....c::: / I I I 

5 (OEFLECTION) . S.GFT 
t (TIME) 0./2b SEC 

FI G 'f3 THEORETICAL Lono DE.CLERATION CURVES 



. 

-VI 
~ 

V) 

VI 
UJ 
O.i 
l
V) 

t--

-
lfl 
Q 

~ 
lJJ 
Q,! 

I
V1 

I--

12>RIl"TLE. N1A1ERI~L 

P.. COMMON METALS 

DUc.1ILE fYlRI~RIRL 

UNIT 'STRAIn (IN/IN) 

/ 
/ 

./ 

I 
/ 

/ 

• 

UNIT STRRIN (IN/ IN) 

, 
• 

• 

B. INDUSTRIRL 
SI-lOc..K f-)8.50RI!,~R 

FIG. 49 TYPICAL SIRE.SS - Sl'RAIN CURVE.S 



up- SO. It .how. that a rather conatant 10,41 iI ILelcl with 1Dc:reuiaa 

.trdA" uaired. --.er, total .train 18 Mly about 50~ of «lainel 

In. til IllUda _Ill require &A initill Dock a1t.orber lUlU of approd.

.. tely ds f •• t. Cal.c1llat1o.U __ tIlat . apprO'Jdat.ly 570 pouacla of 

1D. tUII feat of uflac:Uoa. 'Ill. a.c:c:aleratiOJl tt. ll~.tory of thil 

_tedal vad.r I.IIpa.c:t loMiIIa 11 AGt AlI/Lb, . bllt 11 AGt expectad to ba 

b. A .tr ••• -.tain cury. obtainael fron a 

.tatle l oacllnl t •• t of a c.llular plut1c .tyrofo .. 11 .how" in 

rllur. 51. A r.lativ.ly lerl' a.ount of .A.rIY i. ab.orb.el un4.r COD-

.tant 10.4 Wbida i. el •• irabl.. Hew.ver, the total .train (.I •• bl. 

ufl.ctiOQ) l' ~ly 501 of the initill 1,DltIl of tILe ...,1. taate4 • 
• 

CalculatiOJl • . • how that ODly 26 po .... cl. of thil material "oulel · ba rI".u" 
to ab •. orb the laHiIIa .hock of the payload. __ .r, thil _terial h .. 

othar clLeracter1lUc. a. li'tM below which pl"ecluu it. UII a. a 

shock ab.orb.r. 

(1) aac_. brittle at u.,ec:t 10'41 ratal rlaultina in .AR 

un.at1lfactory el.ce1.raUOD tlae hi. tory. 

(2) Lif. in a VIC\l\lll 11 unAl'!!» .. but clOllbtful. 

. (3) Calla cOll.tain ,a' u.,ec:t • 

. c. 

(1) Gen.ral. The machanical 

alwain1m! . are _11 known. at 1IIIpact loadina r.t .. and th ... pro,.r tia. 

are nllt. 6X,ICtecl to be advendy affected by vacuu ' condition.. Th. 
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• 

1.ncre.aea 

v 1th fecre .. tna load1n& rat.u and decreu1.ng teap.raturu. Since the 

h -~ It abaorber can be c~trolled by controlling 
c.a-per. t ..... vithiA t e _oc • 

~e refl.ctivity of ~e outer aurface, al80at ideal energy ahaorhing 

COIO!Iiti ... c .... ld be eatabaahed. 

(2) Copper Vireo. A atresa-atrain diagr .. of a aoft 

copper wir e uDder atatic loading is ahown in Figure 52. Calculation. 

ahaw that approxt.ately 40 pounds of wire would be required to absorb 

tbe eneray load at Uapact. the total atrain exhibited is Dnly about 

35l of original lenath. However, by arranging various lengths of coiled 

wiru in a device aillilar to that shown in Figure 53 the total strain 

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

a.lect tbe length and size of the wirea to obtain an overall atreaa-

atrain curve whiCh would abow a constant deceleration load over the 

.int.ua deceleration diltance. However, the total required length of 

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

celeration distance. 

(3) An alternate method of utilizina 

the energy abaorbing properties of deforming . metal i8 ahown in ligure 

54. thb method would probably be easier to "package" tban . tbe wire 

acheme described above but would still require about . the same total 
• 

length of device. In this scheme •. a stack of thin alnrDin,·. aheets would 

be arranged within a round conta1ner. Upqn !apact the ..oath .rounded 

plQnser _ld deflect .. and finally rupture al'cc"sive . slaeeta or 4ia

pIlragas. Several sheets would be in contact at anyone tt.. • . 'l'he 

shape of the pluns.r would insura that .r.. of •• ch .haat wa. 
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I 

• 

, 

I 

• 

• 

plastically deforaed to the fullest extent before rupture, thereby re

ducing the total weight of material required. 

d. Shearing and Deforming Metal. Two possible methods of 

J combining shear and deformation of metal to absorb . the . landing shock ( 

are illustrated in Figurea 55 and 56 • . Both device • . Ulustr .. ted util.i cf 

cutting Iative. on the lQwer or contact plate to ahear ·a cylindrical t 
• 

.leeve along vertical milled linea as the aleeve 18 forcad ' againat tlae l, 

cutting edges by the force of' illlpact • . In order to utilize the .a&Xi-l 

defo .... tion .pr .. porUes of the metal •. the she&fed stripa of _tal &fa 1 
" • forced into concentric eo11s by the shape of .the cutting knif.e · footing. t 
• 

· The in both devices illustrated. However. 
, 
• . 

! the .ingle colu.n device shown in Figure 5~ hat the . added f.ature of ' 1 
• 

i . ~ 
\ 
1 

~ 
I a ball-joint POunted contact plate to perait landing at 8n .anlla or on , 
1 uneven surfaces. Both devices have the advent .. e · of aini.', . length . 
• 

• 
• requirements. However. as with all other schemes mentiOlled. the pro-

blems of lateral motion during impact and other than vertical illlpact 

have not been completely solved. 

e. Gas Bag. Although it has been stated that the use of a ga. 

filled bag as a shock . absorber is undesirable (for stationary paylo.d) 

due to contAmination of the surface by venting or out-gasaing. the 

characteriatics of one such scheme are presented for ' further conaidera-

tion. rbia 8che.e .W9Uld .epploy a gas filled bag to. absorb the energy 

at t.pact by coapreasion .and throttling of .the gas. The vented g88 

would not be allowed to escape to the surrounding s.pace · but ... ould be 

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

.ch~ would offer the advant .. es of deceleration .foroe through 
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.ID~ .. htenee u ... ltiAa ill .1Diaa l.",th of lIhock abaorber. V1bu_ 

tiOll would abo be reduced to a ailliaa by thh ~thod alld lt h felt 

that .",.raU -taht would be reduced due to the fact that a ,aa -101 

be u.ad to abaorb the energy. thla .yat .. w~ld alao p.rtlally 

all..,tat. the probl .. of other than vertical ludiAa and lateral IIOU,.. 

durillJ 1apact. Illuatrathe ·calculatiolla are ahowD below baaed on the 

a.au.ptlOft that Hydrogen ga. wlll be uaed and that the ahock abaorber 

baa wlll b. 10 feet ill di ... ter, 2.8 feet long, and initial pre •• ure 

will be 3.8 p.ta at 00,. Volume of the bag will be 220 cubic . feet. 

• 

• 

• 

78 

Where: 

K - Total weight (lb •• ) 

P - Prea.ure (lba/iIl2) 

V - Volume (ft3) 

a - ·COft.teat (ft lb./lb 0,) 

T - Tee,erature (Of) 

E - Inergy (BTU) 

tv - . Specific Heat at Constant Volume (B1lJ/lb '7) 

I ~en: 

PV 
. M - I.T 

_(3.8) 
(767) 

AE-Mc.,~t 

(144) (220) _ .34 . lb. 
(460) 

154 - (.34) (2.43) (T2 - .T1) 

+ 460 - 646~ - 1860, 

-
V2- . • 310 ft3 

• 

• 
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5. Conclusions 
2 5 ! 4 

Obviously there are many other materi s and comb t of 

mater!als which .. st be investigated before arriving t olution to 

thia proble.. Much of the work previously accomplished in this 

was directed toward hwun tolerances to acceleration) but it ia f lt 
• • • • 

• 

that of the data obtained may be of v4lue in .future deve 

work. At the present time, it appears that the most likely approach 

to the solution of th;ls problem l!es in the de ion and/or sbear 

of metallic _tertala. However, the gas f:Uled bag haa possibilities 
• 

provided out-sassing after impact can be el~inated. 



H. paOlI KK nus AlID WOItJl SCHEDULE 

1. Problea Are •• 

It c ... be expected tb.t lUl1y .ino,.. proble •• r .... "Ul d ... elop 

•• the devalo,-ent of tbe lunar roving vehicle progre •• e.. However, 

DO iR .. r.ountable probleas can be foreaeen for the propo.ed vehicle. 

The _Jor anticipated proble- .re •• and tbe propo.ed solution. b ••• " 

on prelent knowledge .~ experience .re . listed in Table I • 

. 2. Priority and Work . Schedule 

Coaplete coo.peratiOD&JId coordination. of effort. between 

the varioul .genciel concerned . with . develo~t · of the ravina . v.~icle 

w111 · b. n.c ••• ary in order. to .. tabl~.h . end ettain an accaptable tara • 

. dat. for c~l.tion. A Tentativa Priority end WOrk .Schedule for the 

IOY1na. V.hicle 1& aiyen in .. Tab 1 • . II. 

• 
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• 

• 

c 

B8a~ing 

• 

• 

Alternator Bearing 

• 

Ibeel and payload 
pivot bearings 

eleration Device 

-

, 

PR05LB1l ARlU.8 III or fRK LIDUIl 
• 

• • 

Non~lubrieated bearing capable ot ' operating 
in .mercury vapor atDlOsphere at 12000 F • . 

• 

• 

Lubrieated or non~lubrio&t.d bear ings 
capable of op.~ating at 3000 F in a 
vaouum. 

• 

• 

• 

Lubricated bearings capable ot operatiftg 
in a v&c at 3000 F. 

Develop decelerator capable ot absorbing 
energy of impact at constant rate of de~ 
c eleration and not exceed the imposed 

• 

• eight limitation. 

• 

DeYelop etticient loy triction se&1s to 
ope rate in a y&Cuum and at te.peratures 
r.nging t~om 300 - ~doo F. 

- Rochester Divisioll Consolidated 
Bulletin 6-1. Vanyary 19~8 

-.- _ .... -
Graphite or .olybdena. diau1tide 
j • 

• • - . -

- j -- Uae lo.-y&por pressure 
• 

suoh .. · ·Convoil~ao· . 
.. ag • 1000 C) in oonjunotion 

.ith S8&! t o 'limit to a tolerable 
<!egr •• -. and -1)&11 or roller beariBgs. 

aa- _ tnrbine • 

8&me _ lubricated. altel'nator. 

Utilize required to shear metal. , 

• 

• • 

1&bJI .. nth tne tor aDd lip 
seals or -carboll ring .eals tor .heels. 

. alter'bator alld payload bearings. 
• • 

• 

• 



• 

-
~ 

a:: COMPONENTS o 
a:: 
0.. 

I POWER PLANT 

2 DRILL SA LER 

3 DECELERATION 
DEVICE 

PRIORITY a WORK SCHEDULE FOR 

LUNAR SOFT LANDING SYSTEM 
(ROVING VEHICLE) 

,...----

4 DRIVE MECH. a * 
.......; ;..;;:;.~....:....; L ___ """"'"! ____________ ----___ _ 

5 TIRES 

6 INSTRUMENT 
COOLING 

* 

JAN.I 
1960 

JULYI 
1960 

'-''-';...- -- PRELIMINARY DESIGN 

JAN.I 
1961 

- PROTOTYPE DESIGN a FABRICATION 

-- TESTING 
-----
"==:===::" 

-- FINAL DESIGN a FABRICATION 

-- TEST OF COMPLETE VEHICLE 

* OUT-OF-HOUSE 

JULY 1 
1961 

** 

JAN. I 
1962 

JULYI 
1962 

.. • FACILITIES REQUIRED FOR ENVIRONMENTAL SIMULATION AVAILABLE JULY 1,1961 , 
(REF. ABMA REPORT) VBLE II 

JAN. 1 
1963 



1. G10UllD TEST UCILITUS 

1. General 

• 

In orcler to ... et the work .checlule a. FOpo .... in TaIIle II 

(Preceeclin, Chapter) the tacilitie. requirecl for luner enyiroaaentel 

.~latiao te.tiUl .u.t be available by 1 July 1961. A c~lete Itu.y 

1. pre.ently being .. cle to deter.ine the re(Uira.&nt for acld1tioaal 

facUities at ABMA. nece .. ary to accOll,U.h thlo te.ti."I. It a,pearl _ 

that a large vacuum te.t cha.ber will ba the .. Jor aclditional facility 

requirecl. Thi. require.eat ancl propo.ed .olution i. cli.cu •• ee1 briefly 

below. More deteil. on the vacuum cha.ber require.ent. ADcI other re

quirement. will be included in the cOilplete Crouncl Te.t 'Icility le

quir ... ntl leport now be1n& preparecl. 

2. 

aeneral requirement. for the vacuum te.t fecility ere li.tecl 

below. 

a. A vacuum Iystem large enough to cnclo ... a vehicle 24' x 20' 

x 24' high at pre.lure. of 10-5 .. Hg or below. Incorporated vithin 

this cba8ber Ihould be: 

, (1) Moveable overhead .olar reclietion spectrum cepable of 

420 BTU/hr/ft2 inten.ity. This lolar radiation .ource Ihoulcl be COD

Itructed so that the emitted ray. are parallel to one another aad 

completely encaapal. the vehicle. 

I 
(2) A heat .ink of LM2' or 10 ... other luitable cryogenic 

fluid to s~late outer .pace, should be located along the valli and 

portions of the ceiling. 

, 
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(3) 

and lower walls 

(4) 

ture, pressure, 

(5) 

(dust, etc). 

• 

An infrared radiation source cover ing the ch&llber floor 

to sUallate radiation fr ... the lunar surface. 

Instruaentation for all required measurements (te.pera. 

etc.) on the vehicle and tbr~ghout the ch8llber. 

Provision for simulation of lunar surface conditions 

(6) Provision for impact testing of shock absorber. 

b. A relatively s.all vacUWR chamber, for ex.-ple (6' dia. 

x 6' long), capable of 10-9 to 10-11 - Kg for c...,onent teatina· 

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

radiation source • 

. 3. 

Vac\O". test facilities nov available at AlMA are located in 

. Buildings 4619 and 4750. 'l1lese facilities are eDllwoeraUd and des-

cribed below: 

a. 

(1) Cylindrical Chamber. 'l1lis cha.ber is four feet in 

diameter and six feet long. It is equipped with a 32" diffusion 

having a ,..aping speed of 15,000 liters per second. Ibis pu.p is 

backed by an oil ejector p,mp which is in turn backed by a Kinney 

A second is used for roughing. Ibe diffu.ion pu.p 

has a "chevron" trap on the intake (uppn) side whtah h filled with 

. 112 to distill ~he 011 which might othervtle 10 iftto the tank. Ibi. 

cuta the pweping apeed about 401 but will pet'd t a lowr pre .. ure to 

be obtained in the tank. Aboye the chevron trap il a right anile yalve 

whiCh allo reduce. ~p1ft& epald but enable. the tank to bl let 
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to dry air without affecting the dif fusion pump. The tank is assembled 

direct ly to the right angle valve. The ejector pump and the Xinney 

poap. are l ocated below the tank on the floor level. The tank . is 

about 10 feet above the floor. The 32" about 

tWO hours warm-up time after which the t ank can be reduced to 2 _ 5 x 
. 

10-6 .a Kg in about one hour. A low empty tank pressure qf 5 x '10-7 

(3 .8 x 10-10 atm) has been reached aft er about one day of puap1R&. 

A proposal for a change to i ncrease flexibility i. 

now being processed. lor this change the present tank . will be r,,-

placed with a .,n1£old approaching a cube in shape with a . 48" .0pen1R& 

00 each face. The d1ffuaiQR JIUlIP would be attached to the bot tOIl with 

a .tra1aht-throuah vahe. The top and the four aiele port. would be 

available for .pecial tank. aa needed or be blanked off. The , 48" 

botta- port would allow a 48" diffusion pumP. (which . haa just recently 

becOllle available) to replace the present 32" P".P. allowing a larger 

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

1959. 

(2) This is a 7' x 8 ' X 10' tank 

with steel lining and insulation between the lining and the ~ank . wal1s. 

Low pressure is about 300 microns (2\ x 10-4 atm) and temperature 

environments from - 1000, to +3000, can be created. Only mechanical 

PH,"p. are used. 

(3) ve This unit 18 four feet ill 

di_ter and five feet long. Preasure equivalent to 80 .• 000 fee t 

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

chambsr and the walk-in chamber. 
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Ch--~ SnPcial studie s are carried out in (4) Special .. .,.,er. r-

another ch.-ber wh ich ia approximatel y a f our foot cube in shape. 

b. 

lbere are several . large vacuua tanka in thia building. ODe 

18 a long c)'linddcal tank having a volUllle of 42,000 cu. ft. With, All 

open inS at the end . ~out aix feet in .diameter. The inlidediameter il 

about ten feet. lbe tank h vented · to aOM large .taclt8 which .have 

.te .. ejector. at the top for remval of large quanti tie. of .a •• 

lbe .. are not pr ... ntly being u.ed. .AnothU' tank of Iimilar 11).ape 

but .liahtly .maller i. attached to the .ame pumping .y.t... , Both 

of the •• tank. have been u.ed for mi •• ile te.ting , operation. and ar. 

too dirty for Hcl.an" u... , The low preuura capability of the.a tanka 
, 

11 .quivalent to approx1u.tely lOQ,OOQ ft. altitude or . about 4 _ of 

aercury. There is a third taAk which is quite ·clean and is painted 

white on the inside. It is a cylindrical tank .12 feet in dine,ter 

, and ha. a voluae of about 9.000 cu. ft. All 'of the tanks are piped 

to the aame pumping .system, which .consists of two ~ller driven . . 

.. by a 200 hp motot:'. according 

, to theirna--plate 18 29 • .7" of vacu""" , which corres~ds to 5.4 "iii! 

of aercury prenure. Thia appears conser.vative aince , lower pressure. 

haye been reported • . The Fuller pump hal an ., eccentric rotor with .u..
i)lg vanee which are forced outward by centri:fullal. force and , wipe the 

walls of the cylinder taking out tha air. These are highly efficient 

for moving large quantities of air. but , are not . capable of pumping 

low pressl!resbecause there 1& only lille contact between . the lIane. 

l1li4 the c,.l~der waU •• 
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4. Proposed Vacuua PaciUtiu 

Since none of the vaciUtiu e.nu.e-I'. ted -t,.o.. .... t t.Ia. 1 un' r 

vehicle teating require.ents it 18 pro d'" poae. ....t .,'ch • h oeil1ty " 

cOllatructed at AI~. Detaila hi on t a facility c ... ot be atat .. at 

yresent. However, the large chamber ahould 1acluda a full al'a end 

opening to penUt pa .. age of the lunar Yehicle encl tut a",i,..at. 

A personnel air lock IlI1d obaervation windowa _at alao ba provldu. 

Since the extreaely low preuures ca"not be approached in 1ar.a 

chamber s with presently available equi,.ent it i. propo.ad that 8O.t 

of the system t eats be conducted at pre.aure. in the order of 10-5 .. 

Kg. However, and .tudiea of tha affact. of 

near vacuua conditionl on luch it .... al low vapor pre .. ura 1i'luid 

lubricanta, out-gaaling of .. teriala, and bearing friction will ba 
• 

conducted at much lower preslures in a .. all 

the order of 10-9 Selection of the pu·ping ay.tea 

components wil l depend upon the t1ae that may be al19wed for pu8p-

down , the out-gassing of 'eterials in the vehicle and equipaent, and 

the required mini. " pressure. The chamber should be provided with 

facilities for creat ing the wide range of temperature condition. ex-

pected during the lunar day and night. Sufficient heating el .... nt. to 

produce 420 BTU per square foot per hour in the solar spectrua over 

the floor area will be placed in the upper portion of the chamber to 

simulate the radiant heat from the SUD. The upper surface and .ide. of 

the chamber wil l be covered with plates containing tubing through 

which IJT2 is c iruclated to create a heat sink simulating outer .plce. 

The platel and tube. will be tra.ted for hish ~i •• ivlty on the !gDer 
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aide and high reflectivity on , the side next to the .chamber. They. will 

be supported by stainless steel wires for · low conductivity. 

FUrther detai~. on this proposed facility will be forthcoming 

• 



APPENDIX I 

DlSTRUMEIIT COMPAR'IMlDIT COOL DIG STSrlQ( cAl,cOLATIOliS 

1. General Assumptions 

a. Continuous internal heat load frOD instruments 100 "atta 

(5.688 ITU/ain). 

b. InstrUJDent compartment size 3' x 2' X 4' - 52 sq. ft. of 

surface area. 

c. Linde S-14 type insulation t~ be used. 

d. Weight of compartment 300 lbs. 

The instrument compartment will contain only those instr'benta 

which will t under lunar environmental conditions. not opera e 'lbe 

t ill be a separate insulated t ..... peratur. coninstrument compartmen w 

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 minim", heat transfer 

into the compartment. An example of a design using structural -.hers 

to s .. pport the instrument compartment would be to suspend the cowyert-

ment on piano wires "ithin the payload package. Since the use of _tal-

lie supporting members is not good from a heat transfer standpoint, 

the use of insulation material for support DUst be considered. The 

Linde S-14 insulation has a heat transfer coefficient K _ 2.5 x 10-5 

BTU/sq.ft./hr/o, under no load conditions. Under a 15 pai bearing load 

1 - 100 x 10-5• The nxh ... total load on any supporting ayst ... 1OI;)Uld 

occur under landing conditions "ith 20g deceleration. (1 _ "/g x 20g _ 

300x20 • 6000 lb.). If it wera aa.uaed that the lnlulatioft Oft tb, ~ll 

end of tha cOlll,.r~nt (862 1n2) .xperiencad thi. full load thl ra,ultina 
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, 
pre •• ure would be · 7 'psi. 

2. Typical Load Calculations 

were made to determine which type The following calculations 

h l east heat transfer into the compartment. 
of support would allow t e 

For the purpose of these calculations it 

d t ithstand 20 "Gil decelera_ is a •• umed that the compartment is designe 0 w 

tion in all directions. The foll<;>wing assumptions are made concerning 

piano wire and insulation. 

Piano wire stressed to 100,000 psi 

J: _ 2.5 x 10-5 BTU/sq.ft./hr/C>f (Linde S-14 insulation) 

Average inside compartment temperature 50C>f 

Outside t~erature 250C>f 

Average wire teaperature 500F 

Wire length L - 6 in. (0.5 ft.) 

It,,:b .. r of wires 24 

Emissivity of wire E E .1 

. Thermal conductivity of wire = 20 BTU/hr/ft/C>f 

eX (Stefan .- Boltzmann's constant) = .173 x 10-8 BTU/hr/sq.ft./oa4 

Amount of Wire Needed in Cross Sectional Area , 

Area Jill 
6000 2 

100 000 = .06 in , 
Total cross sectional area needed for support in .6 different 

d1~.ctiQn • . will be 6 x .• 06 = ,36 in~. If four wires are used for each 

direction .of support their diaaeter will be .138 in. (d) 

Total heat transfer • transfer through insulation + conduction 

dow" wire + radiati9n to wire. 
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Heat Tran~fer through insulation (Qr) 
, 

.Qr • . JA it T ~ 2.5 x 10-5 x 52 x (250 - 50) •• 26 BTU/hr 

Conductipn DQwn Wir,e (Q,:,) 

ck'. !(ALI T - (20) (.36) (200) - 20 B'ru/hr 
L ' 144 (.5) 

aadiation to Wire (Qr) 

Area of wire exposed to radiation (A) 

A - tr dL - (.l~~t (.5) (24) - .433 ft2 

Q .. - 01, AK (T1
4 

- T24) - .173 x 10-8 x .433 x .1 (7104 - 5104) 

Q1 - 14.0 B'ru/hr 

Q - Qr + Qc + ~ •. 26 + 20.0 + 14.0 - 34.26 BTU/hr 

Aaau.e insulation subjected to ]anding loads frOla .any direction. 

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

data the (X) value of 100 x 10-5 @ 15 psi will be used. 

Q - II. L1 T - 100 x 10-5 x 52 x 200 - 10,4 BTU/hr ·or. O.174 BTU/min • 
• 

Based on theae calculations it is proposed that the insulation 

serve as the instrwoent compartment supporting systea. 'rIlere are 

alao two other sources of heat transfer which .. st be cODsidered. 

Proybion ... t be mode to circulate the cooling medium and ,.8S electri-

cal lines throuab the c~partment wall. Since the cooling ducts will 

also be insulated ~.y will not influence the haat tr~sfer greatly 

and .ay be disregarded. However, the electrical cables vitI be .the 

source of sa.e heat transfer. For the purpose of calculations the 

followiq 
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a.. 

~. wlru au c..."u with ~ - 215 ITV/hr/ ft/o,. 

d. T.~. l er ..... ctlooal c a. of copper - .75 in ella. cUd •• 

•• A.a~ wire col" ..... t ..... ratur. to b. 1400, by loe.Una 

_ ttat at hlP ~a.t.u part of the ea.per~t. 

f. lot ad t-,era.ture 250'7. 

IIlat Tt .... fer (Q) 

Q - IA 4...! - (215) 
I 

(.785) C.75},2 
144 

(250-14O} 
4 

- 17/ITU/bt or 
.275 ITU/.in. .. 

n.la ..... itl""al but tranafer 1a C.-n\ to both thl ItnetulUy 

.upporte .. ca.per~nt and doe. not Iffaet tb. 

prnloualy •• dl choici. 

on CoolinR !lIt .. i.: 

IAtunal 10ld - 100 wattl or 5.688 ITV/X1n 

Inl. throu&h in.ulation 0.174 

.a4 thraup aleetric wire. .275 

Total 6.137 ITU/Min. 

• 
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