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MONTHLY PROGRESS REPORT 

ADVANCED STUDIES OFYJCE 

(Novernbc:r l
., 

19 66, Through November 30, 1966) 

l. \-oyagcr Progrctrn

A. Shroud Design Study

SATURN V 

On November 18, 1966, a status revit·w was hdd on the MSF·C
in-house Voyager shroud design study. The following items of progress 
were noted: 

1. Voyagt,r Planetary Vehicle dynamic cn-.,elopes have bt'<E-. rl 

defined by MSFC and JPL and published. 

2. The Voyager /Saturn V launch vehide cc;nf:iguraticm !:as
been defined and published. 

3. The \'o�ragcr/Sat.urn V launch -_.·0hicl.e Wl:·ight summa1·;: ha3
be-::;n compiled and published. 

4. Launch \-ehicle flight t-::ajectory h<:ts been calcul::i.ted and
vehicle aerodynd.m:ics la r gE:·ly r:h.:tt',rm:ined. 

5. Shroud separation study has bet.:!n init.i;;t:E·d.

6. Shroud ven�:ing analysis has bl-'C 1 1 initiated.

7. Structural. design study ha.s been jnitiated.

8. KSC co.:1tacts have been c:.�:tablish 1.::d.



The midterm n�vi�w to MSFC management, recently rescheduled 
for December 20, 1966, now will be a presentation to Dr. von Braun and 
other MSFC management officials; however, this presentation is now planned 
for December 22, 1966 ,• or possibly later, and a dry run for the presentation 
is scheduled for December 20. Consequently, the midterm review with J PL 
will be delayed another one or two weeks. 

B. Shroud Separation Study

A study is underway of various design parameters influencing the
Voyager shroud separation from the S-IVB stage after planetary injection. 
Some of the parameters being investigated are vehicle rotation, separation 
thrust misalignment, and center of gravity misalignment to the shroud and, 
thus, to the clearance between the shroud and the Voyager vehicle during 
shroud separation. This effort is scheduled to be completed by December 21. 

C. Spacecraft Design

It has been decided by the Director of P&VE Laboratory that all
efforts required of P&VE on this study will, at the present time, be chan­
neled through Mr. Goerner (876-8976), and he will represent the Director 
in arranging appropriate participation of the various disciplines of the 
Laboratory. Mr. Orillion (876-1688), of this Office, will be the point of 
contact if Mr. Goerner should not be available. 

II. S-IC Thrust Tailoring

A study has been initiated to determine the feasibility of reducing
critical structural loading in the Saturn V vehicle by tailoring the thrust 
trace during S-IC burn, Sea level thrust versus S-IC burning time was 
developed for thrust variations of 5, 10, 15, and 20 per cent of nominal 
thrust. These data, along with the propellant flow rates for each thrust 
variation, were supplied to R-AERO-X for performance evaluation. The 
resulting trajectory data will be given to R-P&VE-S for structural analyses. 

III. Three-burn S-IVB

A preliminary performance study has been initiated to determine 
the payload capability to various orbits ranging from 100 n. mi. to an 
inclined synchronous orbit of the Saturn V launch vehicle utilizing a 
three-burn S-IVB stage. The study is essentially complete and results 
will be published shortly. 

Another study, utilizing a three-burn S-IVB, has been initiated to 
determine the feasibility of injecting an S-IVB into lunar orbit. The third 
burn of the S-IVB would be used to brake the stage to a lunar orbit. 
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An in-house study has bee:n initiated concerning the identification of 
future missions which utilize a three-burn S-IVB stage on the Saturn V 
vehicle. The objectives of phase I of the study are ( l) to identify as many 
three-burn missions as possible, and (2) to select, from these, several 
for specific investigation. This will include trajectory, payload

) 
experi·­

ment packaging, and vehicle and stage performance requirements. It is 
expected that the results of the study will add significantly to the list of 
known uses for a three-burn S-IVB stage and will assist MSFC in future 
planning concerning this capability. Phase II of the study will c<:mcentrate 
on detailed definition of two or three missions selected from Phase I. 

As a result of a meeting held in early November and attended by IO 
and R-P&VE personnel, Douglas Aircraft Company has been asked to 
quote their cost and schedule requirements in ECP format for only the 
long lead modifications to the S-IVB stage required for a three-burn 
capability. The cost estimates will be quoted by fiscal -,,ear beginning 
in FY-67 with vehicle AS-509. This new ECP will be handled through 
normal channels. The justification for its approval is based on adding 
versatility to the stage in accordance with Apollo Program Directive 18. 

APOLLO APPLICATIONS PROGRAM 

I. Earth Orbital

A. Early Synchronous Orbit Mission Study (SA-510)

In support of the SA-510 Synchronous Orbit Mission study,
this Office has generated preliminary payload weights and layouts to 
evaluate compatibility of the selected experiments and support systems 
with the existing Saturn V /Apollo vehicle. The payload consists of a 
CSM, LM ascent stage, RA CK, and ten selected synchronous orbit 
experiments with supporting systems. Based on available information, 
the selected experiments and required support systems appear within 
the Saturn V /Apollo weight and volume constraints. 

B. Project THERMO

The mission profile analyses are continuing and will be completed
in early December 1966. Primary emphasis is being given to a cluster mis­
sion mode where the Project THERMO payload is launched unmanned and 
operated in conjunction with the Orbital Workshop/ATM/Resupply Module 
Cluster. A single launch configuration is also being considered which 
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involves, because of weight limitations, the use of a two-man air lock 
rather than the LM Ascent Stage. Related studies have been initiated 
with R-AERO and R-ASTR concerning astronaut timeline analyses, 
orbital mechanfcs, and a dynamic analysis of the THERMO/cluster, 
based on the duster mission mode. 

C. LEM Orbital Operations Applications

A study of LEM performance capability for lunar and earth
orbital operations missions was initiated. LEM payloads are being 
evaluated for rendezvous, low /high orbit transfer, plane change, and 
docking missions. In the analysis, both the two-stage and the LEM 
ascent stage are being considered for the mission evaluations. For 
extending mission capability of the LEM, a maximum propellant 
capacity increase of 50 per cent is being considered. 

II. Lunar Surface

A. LSSM 1 /6-g Flight Test

The 1/6-g flight test of the LSSM mock-up was postponed from
November 28, 1966, to December 5, 1966. The delay was caused by 
necessary maintenance on the KC-135 aircraft. The LSSM w:ill be 
installed in the KC-135 during overhaul and the flight test will be com­
pleted by December 9, 1966. 

B. Augmented Lunar Module (ALM)

A study has been initiated to assess certain problem areas
associated with the proposed Augmented Lunar Module (ALM) program 
and to determine the impact on the present Saturn V /Apollo program. 
Engineering requirements imposed upon the CSM as a result of the ALM 
vehicle will be investigated in addition to determining what portion of 
the injected lunar payload must be allocated to the CSM. Since the current 
ALM concepts require increased payload, the Saturn V launch vehicle will 
be investigated to determine what degree of uprating can be accomplished 
by product-type improvements. Also, in the event growth potential is 
required on the ALM program, approaches will be investigated for 
increasing the injected lunar payload to 105,000 pounds. 
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III. Integration

A. AAP Experiment Catalog

A new data retrieval program has now been completed. and
checked out usi_ng five sample experiments from the catc!-log data bank. 
Approximately 80 experi_ments have been cohv-erted to the new format 
and are ready for input into. the data bank. 

B. Earth Orbit Mission Simulation Program

A draft report on the Earth Orbit Mission Simulation program
has been completed and is being edited. In addition, a study has begun 
to generate a. hew Mission Simulation Program incorporating a consider-.
able number cf improvements suggested by experience with the present 
program. 'Some of the more important improvements are an automatic 
data plottiI?-g routine, a_gradua.ted priority scale, a power check, and an 
orbit sele<::tion routine. The data plotting routine has now been completed 
and checked out. This revised program will be operational in late 
Jan�ary 1967. 

NUCLEAR ROCKET PROGRAM 

I. Radiation Environment

Final documentation on this effort has been prepared and distributed.
No extension of this effort is planned at present. 

II. Stage System Studies

A. Nuclear Vehicle Boil-off Sensitivity Study

The initial phase of this study, which established a reference
configuration and weights, has been completed, documented, and distributed. 
A follow-on effort is presently underway. In this phase, vehicle weights 
will be refined somewhat and boil-off effects will be established. The 
effects of boil-off on individual stage size and weight and on total assembled 
weight in earth orbit (IMIEO)*will be shown as a function of per cent boil-off. 
Documentation is scheduled to begin in ea:i:ly January 1967. 

* IMIEO = Initial Mass In Earth Orbit
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B. Earth and Orbital Operations

A study is underway to determine for the Mars lar:ding mi,:;sion
{a) the impact on earth launch vehicle height of nuclear stage diameter

) 

engine length, and thrust structure geometry; and (b) the details of a 
scheme for rendezvous of nuclear stages and the mission spacecraft in 
earth orbit. The primary objective of part (a) of the study is to determlne 
the diameter required for the nuclear stage to be consistent v.:ith the 
416-foot la�nch vehicle height limitation imposed by KSC. The propellaut
loading of the nuclear stage is fixed by the mission spacecraft weight of
332

) 
300 pounds and a f;wo-module, earth-escape orbit launch vehicle

configuration. In part (b) of foe study the rendezvous sequence of orbital
assembly is to be investigated fu1.ly, com,idering rendezvous by a kick stage,
LEM configuration, or SeYvice Module. Devices for docking the stages,
such as television cameras, as we:11 as devices for rotating the t»o modul•.:!:' ·
of the earth escape stage are to be considered.

III. Nuclea1· GTM Requirements

A progra1n outline has been prepare<l and submitted to R-P&VE
n,anagement; however, the study efforts cannot commence until R-AS 
subrnits their GTM criteria evaluation report. 

ADVANCED PROGRAMS 

I. Launch Vehicle

A. Pump-fed Stage Study

The study of pump-fod storable stages for the Mars fl7-by
mission and the comparison of these stages with pressure-fed stages 
has been c:ompleted. Study results show that pump-fed stages desigr1t-d 
around the second stage Titan engines have higher mass fractions than 
pressure-fed stages. The pump-fed stage orbit launch vehicles there­
fore show a higher payload per pound of propc:Jlant. Th0 1nass fraction 
advantage for the pump-fed stage is primarily due to the lighter tankage 
weight which is possible with the lower tank pressure and the aluminum 
material. The pressure-fed stage concept requires high tank pressur0 
(to allow for engine pressure drop) and steel construction. 
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B. Kick Stage Engine Sizing

A joint study effort between the R-P&:VF: and R-AERO Advanced
Studies Offices to evaluate the engine size required for Hobmann transfer::­
bet.ween earth orbits has bPen completed. _ A pr irnary conclusion from. the 
study is that t_hrust level h9a an insignificant effr.ct on ti"'! for the l-fohma:1,·1 
tr,uir;f.-_,r mission; therefore, engine thrust level SE-!lection rnust be madt' 
o�ly on allowable engine burn time. A final conclusion is that adequat�:,
vehicle performance calculations can be made from the simple orbital.
1nechanics c:alcnlations for 6. V.

C. Docking Structure Design

Tht' f�rst phase of a study of docking st.ru<::t:ure desjgns for
m,;1ti£,g ,_:.rb-:.1. lau1:(":h vehi.cl.c. :-;tagc/; was comp!.e�ed. In this phase cf !;he
st•Jd/: t::•:n. ,::or.cept:s were e,.·aluaU�d, frorn which two c1c,ncepts were s•.:,l.·.:•,�'.·:�,-: 
for dr,tai led am11Jsi:;:. The <:<me and ring concept proposed by LMSC wa ", 
st.rnciurally evdluah,d in det:cli� in this phas1'! of the stud1 for a <li.an11c:l•c:r 
of 260 inches and a scaJ.ing r0:btion .for <lvcking struuur•� ,vr:ight de.t.ined 
{<Yr' diametc:r� fr,,m JZO tn 396 in-;hr�s. A sigPifi<.:ant co:1dus�cn from th. 
stru-:.�tural analysis for designing the 260-inch docking structure was that 
closi'ng velocity has a profound effect on docking stru�ture weight. 

In the second phase of the study a bumper and ring docking 
structure concept proposed by NAA for reducing docking structure weight 
is to be evaluated. 1'his phase is scheduled for completion in January 1967. 

D. Liquid Strap -on Pods

The study to determine the payload capability of pressure-fed
liquid strap-on pods for the S-IC stage is continuing. The optimum 
chamber pressure, 1nixture ratio, and specific impulse are being determ.iii'.!•� 
in order to deliver 660,000 pounds of payload to a 100-n. mi. orbit, using 
standard or improved Saturn V vehicles. 

II. Earth Orbital

A. Advanced S-IV.B Workshop

An MSFC-wide in-house system study on the aclv,-tn<:cd S-IVB
spent stage and one-year workshop has been proposed by R-AS; however; 
the manner of implem.enting this study has not been o,gree<l upon. A 
significant effort is being expended by this Office in preparai.ic,n cf the 
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new S-I\'B W or.k s hop advanced st;,idy contract. Presentations we:::-e gi"•�n 
to the P&:VE weekly Technical Scrninar and the Study Mar.agcment Panel 
for this contract on No-,-em1..><-\r l and 7 7 1966 7 respectively, covering the 
e·,-olution of S-IVB workshop designs from AS-209 th.::ough a g!""ound-fit.te<l 
five --year :::pace station. 

Several concepts have> been de,··eloped in--hou:,e for the one-··/t?-.ar 
S-IVB ground-fitted :,pace staLi1.)£'.. Tht� location of the s11bsystern modul-:_,
i1umber of floors required_, and the possible addi�ion of a pressurized
compartment enclosing the IU are the ma;ior ,_,-ariables in these concepts.
Several concepts of internal st.ructure arrangements and methods of
attaching this structure and Equipment to the S-.lVB tank watl have also 
been developed, since this i3 one of the major problems encountered :in 
the design. of th(• one--year grou_nd-assembled workshop. This problem., 
along with the estimated structural te;stir..g requirements, has bten 
di,3cussed with rep.rc:::entat.:ves of the Str,Jct.urE·s Di,·�,;ion. These 
discussions will continue m,:.il specific designs are selected. 

The type of envirc-r.mental control, passive or active, wHl 
hav-::::: :::onsiderable efiect 0:.1 the selected concept for the one-year station.. 
This problem was discusded with representatives of Propulsion Division 
and it was recommended that an active syste1n with additional insulation 
to the stage be the preferred method until further thermal analysis is 
conducted. 

Definitions of the ·,·arious subsystem requirements for- the 
Advanced Spent Stage and One-year Ground-fitted Works hop are in 
progress. A matrix of requirements and fea . .:,ible approaches has b�0:1::Q 
developed for each of the subsystems, primarily utilizing the Saturn/ 
Apollo systems. Power 7 communications, and data handling requirement::. 
for the evolution study are a.lso being investigated by R-ASTR. A prr-.:Iirn­
inary weight statem�:11t: of tht-, envlron.mental con1:rol and power sy:,·ten-1 
expendables and resu.pply rE,quiremE·nts fer the ad-;anced spent stage a.nd 
one-year statior, have been dev--:·loped. 

The proposals for the S-IVB Workshop Ad·.;anced S'.:ud·/ Cur.tract 
have be•:::n received and the evaluation is scheduled to be complct..,d b·f 
Decen1ber 2

7 
1966

7 
with a projected contract initiation d,.1.tc ol Janua11· 10

1 

196 7. The seven -month study ($400 -· $500 K) is intE::ndcd to <le�,;gn an 
advanced S-IVB spent stage and cl one-year ground-fitted S-1\

i

B spa�:c 
station. R-AS is initiating an activity through IO with the AAP jnkgration 
contractors covering some aspects 0£ the advdnced S-IVB spent stage:. 
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B. Five-year Space Station Study

The design activity und�r this study was essentially curtailed
in October; however, the final reports and presentations have just beer1 
completed. Presentation material on the one -year workshop was prE::pa red 
for Mr. Williams' November 2 2 briefing to Dr. Seamans and the comp.ila •· 
tion of data on the S-IVB workshop station for the final report (Works hop 
Evolution from AS-209, One-year Workshop: and Five -year Workshop} 
was just completed. No fort.her activity is anticipated. 

III. Lunar

The final presentation on the Mobility Evolution and Comparison
study by Bendix Sy3tems Division was held at MSFC on November 17, 1966. 
Final copies of the Design Point. Vehicle (DPV) data books have been 
delivered to MSFC and the final report is due by December 3, 1966. At 
present, there are no funds available to continue the study; however, 
Bendix has proposed two schemes for a foUow~on effort. 

A computer p-::-ogram developed b-f Bendix in MOBEV is being 
adapted to MSFC computers by a Bendix programmer. The program will 
be available for MSFC use by mid-December 1966. 

IV. Planetary

A. Mars/Venus Fly:-by Studies

The first interim presentation on the study of Manned Mars/
Venus Fly-by Missions was held at MSFC on November 2 and 3, 1966. 
A meeting was held in Washington on November 22, 1966, to discuss 
how the MSFC in-house planetary JAG results would be used in the cur·­
rent study and to agree on some intermediate objectives and guidelines. 
At this meeting it was agreed to give the contractors _(NAA and DAC) a 
copy of the JAG concept which would be P.valuat.ed along with the other 
concepts established in Phase Ill of the mission study. NASA Headq11arters 
also mentioned that IBM had been contacted and had agreed to perform 
work on the IU in support of the fly-by studies. Therefore, on November 2'1, 
1966, a briefing was held for personnel from IBM and R-ASTR on the Marc'/ 
Venus Fly-by Studies. 
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B. Double Fly-by of Mars

A task has been initiated to determine the feasibility of making 
a double fly-by of the planet Mars with a manned spacecraft. A probe 
would be ejected and landed on Mars during the first pass (outbound leg) 
and would rendezvous with the spacecraft on the second pass (inbound leg). 
Task completion is scheduled for December 21

., 
1966. 

C. Mars Soil Sample Return Probe

Effort has continued to conceptually define an unmanned surface 
probe capable of landing on the Mars surface

., 
collecting a soil sample

., 

and returning to the fly-by spacecraft. Methods of collecting the sample 
and retrieving the return module have been evaluated, The descent.and 
ascent propulsion stages are presently being evaluated. This involves 
defining the number of stages and determining the. type propulsion system 
which would best satisfy the mission objectives. Spin stabilization is 
being considered for the ascent phase of the flight. This could result in 
a considerable reduction of the probe weight. Final results, or concept 
definition, are expected by December 30

., 
1966. 

Chief, Advanced Studies Office 
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General 

GEOHGE C. MARSHALL SPACE FLIGHT CENTBR 

PR-R-P&VE-V-66-11 

MONTHLY PROGRESS REPORT 

VEHICLE SYSTEMS DIVISION

(November 1 9 1966, through November 30, 1966) 

SATURN IB 

A. Data for AS-205 Launch Mission Rules

Data for AS-205 launch mission rules was released to Industrial
Operations (IO) for the laboratory. 

B. Interlock Requirements

The Saturn IB functional interlocks document was revised to
incorporate recent engineering orders (EO's). Other major changes in­
cluded in the revision were format change, the purpose of each interlock, 
and an alternative control center indication for each interlock. 

C. �onthly W�:i,__zht Status �eport

The wei�ht status report for all Saturn IB vehicles was completed
and distributed. Also, an operational detail weight status report for AS-206 
was completed and distributed. 

I. S-IC

A. Umbilicals

SATURN V 

1. During functional checkout of the aft umbilicals at Merritt
Island Launch Area (MILJ\), a problem was encountered with aft umbilicals 
1 and 2 when adequate clearance was not obtained between the umbilical 
carriers and vehicle ulates at pneumatic kickoff. System testing at 
Kennedy Space Center (KSC) of the tail service mast and aft umbilicals 
requires umbilical separation and tail service mast retraction. To permit 
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.;ystem testinp; to be accomplished without possible damap;e to the vehicle, 
this di vision recommended increasing the pneumatic kickoff pressure for 
aft tll1lbilicals l and 2 from 500 to 750 p.s.i.p;, A nonconformance event 
record was prepared by KSC and the change effected. Subsequent umbilical 
disconnects were accomplished successfully. 

2. The aft umbilicals for set 3 tail service mast will be tested
at MSFC to the increased urnbi lical kickoff pressure to evaluate performance 
of the umbilical carriers with vehicle lift-off. Testin� of set 3 umbilical 
and tail service mast is scheduled for December 15, 1966. 

B. S-IC Flush and Purr,e Servicer

1. 
units were 
A redesign 
a diffuser 
dures were 

Final acceptance tests of the 5.5-gallon turbopump bearing 
delayed due to a design problem in the unit bleed valve system. 
of the poppet and cage assembly, deleting the poppet and adding 
and baffle_assembly was accomplished. Drawings and test proce­
update d and transmitted to MSFC. 

2. Two quick disconnects and the electrical cable extension box,
which are the· documented shortap;es for unit 002, were received. These 
components will be turned over to the Test Laboratory for installation on 
the servicer. 

c. Acceptance_!_:sts

Acceptance tests were completed on the S-IC aft #3 Umbilical
Carrier, P /N 65B802'71-5 and the S-IC Pneumatic Checkout Rack Assembly, 
P /N 65B2l10093-l, for ML 3. 

II. S-II Stap,e

A. Environmental Cont.rp_LSystem Studl_,

A stud..y was com�leted and submitted to the Propulsion Division
on redesi�n of the engine comvartment conditioning system manifold for 
S-II-501. Recommendations were made on relocation of the manifold to prevent
hot gas impin�ement on the J-2 en�ine lox turbopump.

B. Destruct Assembly Qualification Test Report

The li'1uid hydrogen ( Lll2) destruct assembly q_ualification test
report was reviewed. The destruct assembly S-II sta�e is considered un­
qualified until successful testing is completed according to ChanP,e Order 
(CO) 351. Comments were submitted, A.ccordinp.; to these findin,g;s. 

C. Electrical Container Loads Study

A stu�v is being conducted to compare the high force test loads
to those expected on the [l-II fl:i.ght sta.p.,e electrical components. 'l'he 
study is concentr3.ting on the loads auplied to the mountinP, inserts in the 
contA.iner base. The results of this stud..y will be used to d�termine the 
proper type of inserts to be installed on the flight stage. 
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D. Servicin� Requirements

1, Action was initiated to chan�e the S-II w2 couplin�
disconnect supply from nitrogen to helium. This change was neces-
si tnted to nssure proper disconnect, There wns concern tha.t the cryor,enic 
temperature of the Ll-l2 coupling would result in freezine: of the r;aseous 
nitro�en (GN2) a.nd thereby cause improper disconnect. 

2. Two major propellant loadinp; problems, revealed durinp;
nA-500F loadinf:?:, were investigated. The possibility of baffle dama1-?;e to 
future S-II liquid oxyn;en (lox) tanks was eliminated by performinf:; the 
bulkhead leak check when the tank was 100 percent full instead of at the 
l40 percent level. Since the condition could also result durin� a "revert" 
condition, KSC is taking the necessary actions to minimize the gas bubbles 
in the lox transfer line prior to reini tiation of fast fill. 'I'he LH 0 . 

( 

vent system excessive back pressure problem has not been resolved and is 
still being investi�ated. 

E. S-II Pneumatic Consoles

'l'he lowered heliwn bottle pressurization requirement to 1500 p.s.i.
for S-11 stap;e tanks, has caused the S7-41 performance margin to become 
questionable. A test is now in progress at Mississi9pi Test Facility (MTF) 
to detennine whether the S7-lH consoles can deliver the required helium 
flow to the stage at the reduced pressure. Nonconformance could require 
regulator resetting and possible orifice changes. 

F. Leak Detection

A meeting was held at KSC on November 3, 1966, to discuss S-II-1
propellant loading at that fad 1i ty. No requirement was placed on KSC to 
leak check the ducts since KSC officials were of the oninion that this would 
severely impact the present launch schedule. The leak detection equipment 
perfonned satisfactorily during AS-500F wet tests. 

G. Umbilicals

Fabrication and testing of the modified A7-6l� and A7-65 propellant
fill and drain coupling debris valve is on schedule; the expected comoletion 
date is December 9, 1966,

H. Acceptance Tests

Acceptance tests were completed on Forwl'l.rd Umbilical Carrier,
ML A7-42, unit 7, and Heat Exchanger, ML A7-71 for the S-II stage. 

III, S-IVB Stage 

Umbilicals 

1. The third ball-lock vehicle half retainer failed during trackin�
test on the S-IVB aft service arm and umbilical system at the MSF'C ground 
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support equipment (GSE) test facility on November 8, 1966. The 
failure occurred after tracking for 30 minutes at maximum amplitude and 
frequency. 

2. A new vehicle support assembly for the third ball-lock was
installed on the Saturn V S-IVB aft test panel at MSFC on November 17, 
1966, and subjected to 1 hour and 20 minutes of vehicle oscillation at 
99.9 percent wind condition with no failures. 

IV. Instrument Unit (IU)

Acceptance Test

1. SE 100154, Acceptance Test Procedure for Fixture Assembly, IU
Cart, Lem Servicing CEI AM 1072A, was reviewed for technical adequacy 
and compliance with the applicable MSFC directives. The document was 
approved. 

2. The qualification certifications covering the critical IU
mechanical components for the Saturn IB/V were completed. 

V. General

A. Damping, Retract, and Reconnect System (DRRS)

1. The new component flowrates and operating pressure of the
hydraulic-system, resulting from an analysis of the actual DRRS system, 
were prepared for use during the component qualification program. 

2. IRN 17B to 65ICD9200A, "MSFC/KSC LC-39 Facility Cables,"
was prepared to incornorate the new cabling requirements of the DRRS. 

B. Mobile Service Structure (MSS) Auxiliary Damping System

Test requirements for the MSS auxiliary damping system were established.

C. SA-501 Flight Sequence

EO 3 to the SA-501 flight sequence requirements was released
to Astrionics Laboratory. This EO incorporated latest burn times for 
the S-IC and S-II stages, increasing the time between S-II cutoff and 
S-II/S-IVB separation by 0.5 seconds to improve the probability of
successful separati.on with one retrorocket out. Also, the arming time
for the S-II propellant depletion sensors were changed to 35 seconds
before expected depletion to compensate for possible early depletion
1n the event of a failure of the mixture ratio shift to occur as scheduled.

D. Vehicle Assembly Documentation

1. The Revision A to the AS-501 vehicle assembly drawing 10Ml5000
was completed and released. This revision updated the S-II/8-IVB interface 
hardware callouts and effected several documentation type changes. 
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2. The vehicle assembly drawing, 10Ml5002, for AS-502 was
completed and released. 

3. Documentation was released against the torque sequence
drawing, 10Ml4503, to lower the torque valve for the S-IVB interface 
hardware as requested by Structures Division. 

E. Saturn V Design Reference Mission Sequence

Revision B to the Saturn V Design Reference Mission Sequence
was forwarded to Astrionics Laboratory for concurrence. Changes were 
made in format extending the effectivity to SA-505 and SA-506, adding 
the latest precountdown information, included a mission description for 
each vehicle. The technical contents of the complete document were updated 
also. 

F. Monthly Weight Status Report

The weight status report for all Saturn V vehicles was completed
and distributed. In addition an operational detail weight status report 
for AS-506 was completed and distributed. 

G. AS-504C Projected Weights

The revised projected weights for AS-50liC with PM/RACK payload
were completed and distributed. 

H. AS-504 Mass Characteristics

The revised projected mass characteristics for AS-504 with a 98 K
capability were completed and distributed. 

I. Saturn V DRRS

A maintenance analysis report was completed on November 17, 1966.
This report contained maintenance analysis and spares summary for DRRS and 
the auxiliary damping system. 

J. Q-Ball Alignment Ring

The Q,-Ball alignment ring for Saturn IB and Saturn V was furnished
to KSC by this division. 

K. Saturn V Damping System

1. The vibration requirements were received for the components
which are being qualified for the Saturn V Damping System. These require­
ments are being incorporated in the test specifications; the final documents 
are being prepared for release. Test specification requirements for the 
winch and kick-off system have not been determined because criticality 
classifications have not been received. Work on the test specification 
for the systems will begin when criticalities are established. 
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2. Changes were completed on the Saturn V Damping System general
test plan to include the Auxiliary Damping System. The revision also 
included test requirements for component qualification and identification 
components previously qualified. 

L. Hazardous Gas Analyzer (llGJ\.)

AccentancP. tests were completed on the HGA, P /N 11'100350,
for ML 3. 

ADVANCED TECHNOLOGY 

I. System Design

A. Payload Module (PM)

1. Preliminary drawings of the PM/RACK access platforms were
completed and given to Manufacturing Engineering Laboratory to start 
fabrication of the platforms for use on the PM/RACK mockup. The mockup 
will be used in the preliminary design review and access equipment. 

2. A preliminary study is underway to determine if the Pe�asus
container handling sling can be modified to use as the handling sling 
for the MSFC rack. 

3. The PM/HACK Access Review was rescheduled for November 30, 1966.
Rescheduling of the meeting, to be used as the preliminary design review, 
has created a delay of more than 2 weeks in the start of final documenta­
tion on the access okatfirns. 

4. Some requirement changes have accentuated the need for design
changes. Modifications must be made to both the support assembly and the 
mockup of the Model DSV-4B-402 forward vertical access kit so they will 
conform to the flight configuration. The mockup is not to the flight 
configuration. 

B. S-IVB Orbital Workshop

1. The quick release manhole cover development and qualification
schedule was completed for the S-IVB orbital workshop 

2. The configuration of the thermal control sleeve for the LH2
tank was confirmed and the design concept completed (SKl0-9242). An 
experiment package latching mechanism proposal (SKl0-9245) was completed. 

3. A configuration drawing was made which shows how the neutral
buoyancy mockup will be segmented for use in the facility pool. 

4. A layout was started which will define a TV system to be used
in both the Spacecraft Lunar Excursion Module Adapter (SLA) and workshop 
areas to view and record the experiments. 
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5, Work continues on the layouts which describe the astronaut 
installation of the crew quarters' ceiling and partitions. Work on the' 
partition structure was halted pending an agreement between this division 
and Structures Di vision as to which has responsibility for the desi�n. 

6. A layout describing the installation of experiment packages
onto the Spent Stage Experiment Support Module (SSESM) truss assembly 
was completed. The electron beam welding exoeriment (MSFC M-492) 
was reviewed to determine its compatibility with current installation 
proposals. The layouts describing the protuberance pads are bein� revised 
to eliminate the Velcro fasteners which have been ruled incompatible. 

C. Project Thermo

1. Form 1138 was sent to NASJ\ Headquarters with cutdown copies of
proposed tank arrangement for Project Thermo. Tank rack configuration was 
presented at the Project Thermo third contract interface meeting with 
Manned Spacecraft Center (MSC), Grumman Aircraft and Engineering Corooration 
(GAEC), Douglas Aircraft Company (DAC), and the Garret Corporation. The 
MSFC tank arrangement was chosen as being the best to carry out the 14-day 
mission. 

2. Structural support for tanks is beini;i; designed. The MSFC
rack design is being modified to accept the experiment packages. Camera 
Field of View (F0V) layouts are being drawn so that maximum tank viewing 
is possible. A 12-inch diameter sphere is being added to the interface 
stability experiment at the experimenter's request. 

3. The proposed configuration (SKl0-9222, !�vision A) was
approved. Experiment analysis is now being carried out on the propellant 
storage tank (Experiment #7) before tank length can be determined. The 
tank diameter is frozen 40 inches. 

4. A new design study is in process to determine optimum
location on the rack for thruster fuel tanks, thrusters, Astrionics Panel 
No. l, tanks for Experiment #7, and water bottles. Although thrusters 
will be required on each of the four outrigP,ers, the thruster fuel tanks 
will be located approximately 180 degrees anart in order to balance the 
weight more evenly. 

5, In order to accommodate two additional experiments, all the 
batteries were relocated and are now mounted under the octagonal ring. 
The addition of two new experiments will require an overall payload 
weight analysis. 

D. Electro-Magnetic Radiation (El-1R) Detection Experiment

Seven detail drawings of the Far-UV Camera Cartridge were
completed for the EMP ])etection Experiment. 

E. Low Amplification Bracket Develooment Test Pro�ram

Sinusoidal testing of the low amplification bracketry was completed.
Tests were performed on 37 simple "Hat-section" brackets fabricated of 
various materials. Data has been received for about two-thirds of the 
tests performed. This data is being analyzed. 
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F. Apollo 'l'elescope Mount (ATM)

l. An overall schedule for the J\TM desiP,;n integration was
completed. 

2. The following layout studies were completed:

Maximum experiment envelopes, hard points for experiment
mounting, and the location of the passive thermal control insulation with 
respect to the experiment envelopes (SKl0-73?.5). 

The required enlargement of the ex�eriment canister in order 
to accommodate the present experiment telescope confip;ura.tions (SKl0-7326). 

3. The following layout studies are being made:

A comn::ttibili ty stud_v between the canister hard uoints and the
oroposed exneriment mountinR noints. 

The ,:learance envelope for the experiment canister when the 
canister i.s P.;imballed +5° in pitch o.nd yaw and rotated ')0° loni:d tudinal ly. 

l. Drawin� SKl0-7296 was initiated which will be an inboard
profile of the NG'r:·!. All of the systems and subsystems have not be�1i 
located on the drawln11; at this date but will be added as coordinated. infc-r­
mati on becomes available. 

2. Information we.s prepared which stiuulates handling er;_\Jipment
required for the Ground 'I'est r,,lodule (GTM) at ,Jackass Flats. This informatior:. 
will be given to Knj ser Corporation tc a.id ther.1 in making a cost estimate to 
MSFC for this equipment, 

Il. Systems Operations 

Analysis of nceliminArJ fluid requi rement.s and other available data for 
the NG'l'M i.s cont:i nuing in o:rder to comulete preliminary n.inin� cri ter:i a 
and physical Interface Control Documents (ICD's) by Decenber 1, 1966. Vlow 
calculations indicatf.> many current lines described on Kaiser drawings r-1re

�rossly undersized to handle the flow st:led fi.ed in the nrelimi nary fluid 
:r�riui rements, 'l'he-,.':' discrepancies 'lre beinp; coordinated within the di vi si iy1. 

III, Systems EnRineering 

Volumetric error analysis test of the 1?5-cubic foot neut.1:nl 
buoyancy tank, a recently fabricated 4-cubic fnot SE'lV,).ent tank, and a 
J./h-cubic foot anuenda�e tank were cornri.leted. All tests verified that 
·;ro}umetric ar:curades of better than plus or minus 3 percent can be
obtained with present set-up and procedures.
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13. Project 'I]�

'l'wo documents, "Pro,ject 'l'HER•-10 /\nollo F:a!'th Orbital Scienti.fic
Experiment Proposn.l.," and "Annendices t0 Pro.j�ct 'rHER�10 i\pollo �r>.rt� 
Orbital Scienti fie Experiment Proposnl ," d'.'l.ted November 10, 196(\ • were 
c ompleted, documented, anrl. nublished, 'I'he Expe:!.'ii'lents Office has 
proposed to use tlwse documents as r.iodels for future experiments nr0nosals. 

C. Human Enp;ineerinp; D!'tta for �1aintenance and Reuai r cf Orbital
Systems 

fl.n Apollo state-of-the-art suit w1:1.s ;::renl-lred for use durin17> neutrH.L 
buoyancy operations in the 'fanufacturing Enr;ineerin.i: Laboratory test. 
fncili ty. Initial tests are beinG conducted to evaluate water uressurized 
and air pressurized conditions, 

IV, Systems Requirements 

Confip;ura.tion Man�� 

'rechnical review of MSFC-PR0C-1185, "Prenaration of Input for 
Confir-::uration '1anar:E'.ment /\ccountinr; and Rcportinp; System� was completed. 

t1J.SC:ELL./UIEOUS EFFOH'.PS 

Systems Desir;n

A. Safety :.ind Ai:minP: (S&.1\) Device ImnroverTJent
---· ,¼ -·-►-�.---...-----............ 'll�---... ----

fl.dditionr-1! 0.ffort is required for further imnrovement of thE'
S&A device, Explosive 1H1ses are to be vented within the body of the F)R,A 
dev:i.ce and several tests must be accomplished to ('J_ualif:v this desi'i·1. 

B, ,f,A-501 S�l:1,5. 

'l'he division furnished technical sunnort to f<f-JC durin1' th,:. ,,t,i�inro: 
(stackinrr.) of' the S/\-501 vehicle, No siCjni fi;unt pr0bl':'mn wc'r•� en·:-ount.0r-::<i 
durinr: the sto.ckinri operations and no auparent :nroblems occurred with the 
handlinp; and distdbution of the sta�e to st.ap;e mat.inf?; hardw::1re. 

c. Common Ordri;:nce Comoarison

'I'he differen-::e�; between the explod�np; bri.di,;ewar':l (r,:m1) <l•,:,t.onatcrs
and the S&i\ devices for l\S-20h nnd AS-501 vehicJ es we re doc:um�nted. 
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GEORGE C. MARSHALL SPACE FLIGHT CENTER 

PR-P& VE-S-66-11 

MONTHLY PRO GRESS REPORT 

STRUCTURES DIVISION 

(November l, 1966 - November 30, 1966) 

I. S-IB Stage

SATURN IB 

On November 7, 1966, the S-IB 70-inch LOX test tank II was 
tested at CCSD/Michoud for the max fin load condition (64. 6 seconds 
after liftoff) with max internal pressure. A failure occurred in the 
forward skirt just above 120 percent of limit loads. The rivets in the 
aft portion of the main longerons around the cutout per CCSD ECP ET-
30867 failed in shear and caused the panels on both sides of the cutout 

to buckle. This failure was not severe. Up to 120 percent of limit 

loads, all strain and deflection data in the critical panel 10 were linear. 
Also, the peaking value was less than the peaking value experienced in 
test tank I. There is no indication that a failure will occur before 140 

percent of limit loads in the pressurized section of the tank. Structures 
Division has forwarded recommendation for the repair of this tank to 
1-I/IB-SI/IB.

II. S-IVB Stage

S-IVB Flutter Panel

The additional tests that were required to obtain data that 

will be used to determine the stressed condition of the 1)anel when it 
was tested in the wind tunnel were completed. The test setup has been 
dismantled and the test specimen has been moved to another po�ition 
on the test floor. The data from these tests are presently being 
analyzed. 
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III. Instrument Unit

A. ST-124Platform

A vibration investigation test was accomplished on the live 
ST-124 platform. The purpose of this test was to determine the source 
of bending in the outer gimbal at the critical 90 - 150 cps range. 
Acceleration measurements were made on the gimbal, the bearing block, 
and the platform frame. A preliminary review of the data revealed that 
very little frame and bearing block vibration was being experienced at 
the maximum gimbal response. It was concluded that most of the outer 
gimbal response was due to a lack of gimbal 'pivot area' stiffness and 
not to the compliance of the frame or bearing block assembly. 

B. Impedance Testing

ST-124 impedance testing in the S-IU-SOOV-2 configuration 
with and without the long and short channels installed has been completed. 
Testing in the S-IU-200 / 500S-3 configuration without the channels 
installed has also been completed. The results of this testing are as 
follows: 

1. The rigid body mode shapes extend 50 inches beyond the
IU' rings into the SLA and S-IVB forward skirt and 30 inches circum­
ferentially beyond the mounting pads. 

2. The rigid body resonant frequency in the longitudinal
axis was shifted upwards 10 percent. There was no shift of the rigid 
body resonant frequencies in the radial or tangential axes. The reason 
for this was the large area of the structure participating in the rigid 
body mode shapes. No feasible localized structural modifications to 
the IU structure alone will raise these frequencies significantly. 

3. The addition of the long or short channels did, however,
reJuce the vibratory response of the ST-124 by approximately 50% 
for a given vibro-acoustic input. 

Impedance testing of the ST-124 in the S-IU-500V-2 con­
figuration with the mass damping material (X306) installed is being 
evaluated now. 
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I. S-IC Stage

SATURN V 

A. Fin Acoustic Testing

The structural test (S) fin was acoustically tested on November
17 and 18, 1966. The sequence of testing was as follows: 163 dB for 
2. 5 minutes, thence 171 dB for 2 minutes, thence 163 dB for 20 minutes.
During the first 4. 5 minutes of testing the fin was inspected every half
minute for failure, then less frequently thereafter. Upon completion
of the testing. one side of the skin was stripped off for a more thorough
inspection of the spar and ribs. No structural failures were detected
during the detailed visual inspection. Dye penetrant tests will be
accomplished as a final check. The facilities (F) fin is presently
undergoing modification so it can also be acoustically tested.

B. Short LOX Tank

The internal support structure that will react the air bags to
be used in applying the simulated inertial loads on the aft bulkhead of 
the lox tank containing the sculptured Y-ring is approximately 40% 
complete. The fabricated parts, which must be small enough to pass 
through one of the bulkhead openings, are being installed inside the 
tank concurrently with fabrication of the parts out on the test floor. 

II. S-II Stage

A. S-II-4 Aft LOX Bulkhead/Cylinder Weld

The aft lox bulkhead has been cut off because of an unacceptable
weld. The S-II-5 aft lox bulkhead is being moved up as a replacement. 
M1�asurement of the S-II-5 bulkhead shows it to be undersize with respect 
to the cylinder. This problem is under consideration at S&ID. 

B. LOX Tank Foil Seal on S-II-1

An inspection revealed that the lox tank foil seal covering
the 111 in. dollar weld area was torn beyond repair. Present plans 
are to remove the foil and the Narmco adhesive filler. The area will 
be coated with Dynatherm and then tested by loading with LN2 and
pres sure for leak checking. 
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C. Aft LOX Bulkhead Test

The aft lox bulkhead was hydrostatically tested to failure on
October 28, 1966. Failure occurred at 97. 5 psig, measured at the sump. 
Testing was done with the dome oriented in the inverted position. Due 
to the hydrostatic head the pres sure varied from 97. 5 at the sump to 
102. 3 at the equator. Failure appeared to have initiated near the cir­
cumferential weld which joins the waffle portion to the membrane portion.
The required pressure capability at the sump is 96. 3 psig. The failure
test was performed without the structural doublers at the 111 inch
dollar weld. S&ID has determined that the following factors of safety
were demonstrated:

sump 
dollar weld 
waffle/membrane 

1. 42 
1. 28 

circumferential weld 1. 38 

D. CBTT Testing

(a) On Wednesday, November 14, 1966, the CBTT success­
fully withstood the pneumostatic proof press�re cycle testing (Phase I). 
This test involved cycling the LH2 tank to 35 psig, a total of five times
with GN2.

(b) On Saturday and Sunday, November 19 - 20, 1966, the
CBTT successfully withstood LN2 fill and drain test and the LH2 cycle
test (Phases·u and III). The LH2 test involved cycling the tank to 21. 4
psig, a total of twenty times and finally taking pressure to 42. 2 psig 
to simulate. 

E. S-II Feed Line

The S-II feed line fitting was instrumented with strain gages 
prior to its installation on the "C".-Tank. All the work that could be 
accomplished prior to the tank being moved into hydrostat position 
was completed. Work was done in preparing the data link between the 
hydrostat facility and the computer room in Building 4619. This 
linkage will permit more expedient testing than was experienced during 
an earlier hydrostatic test of the "C"-Tank. 
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F. Containers 207 and 209

Container 207 was acoustically tested on November 11, 1966,
for North American Aviation by Wyle Laboratories at Huntsville. All 
electrical equipment mounted in the container was monitored during 
the test. Functional checks were also made before and after the 
acoustic test. There were no functional failures detected, before, 
during, or after the acoustic test program. Container 209 was 
acoustically tested on November 15, 1966, at the same facility. 
Electrical equipment mounted in this container was functionally checked 
before and after the acoustic test and monitored during the test. The 
output signals from the 209 container were recorded on magnetic tapes, 
and the tapes need to be analyzed before any malfunctions can be detected. 

G. High Force Testing

The S-II aft interstage was subjected to random vibration
testing in the first lateral axis. An inspection following testing revealed 
a crack in the redesigned recirculation battery bracket. Evaluation of 
the failure has started and a resolution is expected presently. The aft 
interstage sinusoidal vibration test has been delayed due to problems 
with the data acquisition and analyzing equipment. 

H. S-Il/S-IC Interface

All the heating blankets were bonded in place and were checked
to ascertain if any were shorted to the structure. Some of the blankets 
have been connected to the power cables. The loading fixtures are in 
place and all hydraulic lines are corrected to the load control console. 

III. S-IVB Stage

Longitudinal dynamic loads analyses were conducted to determine 
the structural impact in the event of a LOX depletion shutdown during 
the S-IVB flight. The results of the investigation showed no severe 
vehicle loads due to engine shutdown using the J ...:2 engine cutoff 
characteri sties. 

IV. Saturn V System

A. AS-501 Damper System
The two hydraulic cylinders that will be installed in the AS-501
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damper system were calibrated for load vs. pressure. This informa­

tion will be supplied by Mr. Arnts, R-P&VE-SJ, who will make it 

available to personnel of R-TEST to be used during the tests at the 

"Swing Arm Farm. " The cylinders required for the damper calibra­

tion have not arrived so these tests will be delayed. 

B. AS-504

A time response 1n g 1 s for the PM/ Rack interface has been 

calculated. This study includes the longitudinal response versus time 

for the interface at liftoff and first stage separation, and the lateral 
response versus time for this interface for liftoff, and maximum 
dynamic pres sure during flight. 

I. F - 1 Engine

ENGINES 

The Rocketdyne F-1 engine electrical post which failed at 

297, 000 cycles during qualification testing has been accepted as qualified 

and posts of this de sign are qualified for flight. 

II. J -2 Engine

A. Component Qualification Program

The J-2 engine component qualification program was reviewed

during a meeting with Rocketdyne at Canoga Park, California. Ten 

components have experienced problems during the component qualifi­

cation program. Of these ten problem areas nine are related to the 

vibration test program and involve the following components: ( 1) main 
LOX valve, (2) start tank discharge valve, (3) start tank vent and relief 

valve, (4) helium regulator, (5) P. U. valve, (6) amin fuel valve, 

(7) primary instrumentation package, (8) auxiliary instrumentation

package, and (9) LOX dome purge check valve. Agreement was reached

with Rocketdyne on disposition of action required on all items except

the PU valve. On this item it has been proposed that R&DO request

retrofit of this valve on all flight engines.

B. Mainstage Thrust OK Pressure Switch

EDS vi bra ti on qualification testing of one non-calips type
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pressure switch has been completed. Preliminary results indicate 
possible switch contact chatter proved to be the result of faulty 
recording equipment. A re-evaiuation of test result� showed 
satisfactory completion of testing with no malfunctions. An additional 
two switches are.to be tested. 

APOLLO APPLICATION PROGRAM 

I. Apollo Telescope Mount (ATM)

A decision to incorporate the fine-pointing gimbals into the 
experiment package support has greatly impacted the A TM Rack 
structure. The principal support ring must be moved from the bottom 
of the Rack to approximately the m�ddle. Provisions for low-friction 
gimbals in pitch,: yaw, and roll mu.st be added, including caging 
capability. The gimbal approach recommended by Lockheed (under 
their AAP support contract) is being investigated. 

II. Electromagnetic Radiation Experi'i-nent (EMR)

A structural concept was selected for the Gamma Ray experi­
ment, and a structure for the X-ray experiment was tentatively selected, 
pending a thermal analysis. A structural concept for the ultraviolet 
camera location and support has not been selected as additional 

· operational requirements have not been fully evaluated.

III. Voyager Shroud

Studies have been initiated for testing of potential contaminant 
free separation joints and for the preliminary design of the shroud 
structure. A me�ting was held with representatives of ·Manufacturing 
Engineering Laboratory to discuss structure /manufacturing development 
work necessary for the .Voyager shroud program. 

IV. S-IVB Wor�shop Lunar Floor

A design concept for integrating the lunar floor and compart­
ment wall structure was released to the Vehicle Systems Division for 
investigation. 

Chi�£, Structures Division 

27 



This page intentionally left blank. 



GEORGE C. MARSHALL SPACE FLIGHT CENTER 

R-P&VE-M-66-11

MONTHLY PROGRESS REPORT 

NOVEMBER 1, 1966 THROUGH NOVEMBER 30, 1966 

SATURN IB 

I. S-IB Stage

A. Development of Hazardous Gas Detection (HGD) Systems for Saturn
Launch Complexes

A copy of the configuration audit report for the HGD delivered to 
Launch Comple){ 37B has been received. Discrepancies noted between the 
documentation and the actual hardware configuration were resolved by making 
the requisite corrections to the documentation. 

Preliminary information has been received relative to problems 
encountered during operation of the HGD system at Launch Complex 39. 
Reportedly difficulties were encountered which involved compatibility of 
pump fluids and instability of calibration gas. These reported difficulties 
were ill defined; however, this division will investigate further and 
take appropriate corrective action as required. 

B. Evaluation of Aging Treatment of 7075-T6 Aluminum Components for
Reducing Susceptibility to Stress Corrosion

Because of failures of control piston cylinders used on the fill 
and drain and pre-valves (S-IB stage) due to stress corrosion cracking, 
studies were initiated to determine the effectiveness of overaging 7075-T6 
aluminum components to reduce the susceptibility to stress corrosion. 
Five cylinders were available for study; three were made from 7075-T6 
alloy, and two were aged to give the 7075-T73 temper of this alloy. C-Ring 
type specimens were fabricated from these cylinders, stressed to 40 ksi, 
and exposed in the alternate immersion tester. Two out of the three -T6 
rings failed in six days. There have been no failures in the overaged 
rings after 30 days of exposure. In order to confirm the advantages of 
the -T73 aging used on the 7075-T6 cylinders, threaded-end, round tensile 
specimens were fabricated from 7075-T6 plate in the short transverse grain 
direction. Part of these specimens were aged to obtain the -T73 temper. 
The 7075-T6 specimens were stressed to 75 percent of the yield strength 
(45 ksi), and the overaged specimens were stressed to 75 percent (36 ksi) 
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and 50 percent (24 ksi) of the yield strength. All of the 7075-T6 specimens 
f ailed within three days, while the averaged spe,;:imer.i.s have not failed 
after 16 days. Both types of specimens are b�\:ing exposed in the al terr.ate 
immersion tester. 

C. S-IB Stage, Project Management, Materials

As reported previously, the servoactuator housings used on the
S-IB stage are made from a stress corrosion Si.'.Sc.eptible mate.rial, 2014-T6
aluminum. The stage contractor has been directed to paint the actuator
housings on AS-204. Additior.ally, the contractor is to s�,.bmit a schedule
illustrating when other protective meas�res will be employed.

The stage contractor, Chrysler Corporation Space Division, has 
submitted a revised proposal for evalt:,ation and qualification of FrA-442A 
and FIA-532A as replacements for M-31 horizontal heat shield insulation. 
However, the proposal included an ablative material which cannot be 
evaluated in con.junction with the FIA ceramic insulations since the 
ablative products would constitute a 11dirty 11 coutamin.ant which could 
interfere with the reflective properties of the ceramic. 

Two of the fuel valve ho�sings on the S-IB stage of AS-204 leaked 
during pressure testing. Radiographic examination of five of the eight 
valves revealed gross porosity (4-F rating). All of the fuel valves on

AS-204 are to be removed and pressure tested. 

SATURN V 

I. S-IC Stage

A. Study of the Corrosion Susceptibility of Hydraulic Actuators

Exposure to a salt spray environment has continued on representative
specimens of two different designs of the S-IC stage hydraulic act�ators. 
The actuator made from 7079-T6 alloy has been exposed for 440 days without 
failure, and the actuator made from 7075-T73 has been exposed for 410 
days without failure. 

B. Study of the Compatibility of Various Engineering Materials with
Propellants

Thirty miscellaneous materials were evaluated for compatibil:it:y with
liquid oxygen in accordance with MSFC-SPEC-106B. Data generated from these 
tests were forwarded to cognizant design groups and other interested personnel. 

C. Evaluation of Commercial Adhesives

Studies are continuing as outlined below to evaluate, develop, or
qualify new adhesives for use in the Saturn program. 
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1. St:...dy of the EHt.(:t of Z-6040 Sila�t.:! C,,-:.1::ling Agn,t Addi1�i.o.EL_
to Narmco 7343

Additional tt!Sts were r;.n to determine the effect of adding
vario"'s quantities of Dow Corr::ing Z-6040 silar:.e co::ipling agent dire.ctly 
to Narmco 7343/7139. Previous tests had been limited to 0.25 percent to 
1.00 percent Z-6040 concentrations and to tests at room temperat�re and 
+200°F (93 °C). The aluminum adherem.ds were acid etched, bt.t were not
primed. Catalyst concentration was 11.5 par t.s/100 parts resin, and the
adhesive was cured for one day at room temperature followed by one day
at 160°F (7l�C). Lapshear tensile strength data from these tests are
given-in the following·tabulation:

Lapshear Tensile - psi Z-6040 Percent
(Based on Resinl .;.J00°F (-184 cC) Room Temperature +200°F (93''C)

0.05 9210 3060 
0.50 9070 3400 
1.00 9480 3350 
1.50 9570 2920 
2.00 8190 2520 

These results continue to show an advantage for using Z-6040 in a concen­
tration range of aboct 1 ± 0.5 percent based o� resin, partic�larly at the 
+200°F (93 °C) test temperature.

2. Study of Effect of Using Hydrolyzed Z-6040 Silane Coupling
Agent as a Primer for Narmco 7343

1320 
1530 
1470 
1690 
1240 

Dow Corning Z-6040 coupling agent was hydrolyzed with aceti<.:
acid, and was then used as a primer for aluminum adherends. The hydrolyzed 
Z-6040 was applied as an approximate 0.2 percent S◊lution in methanol­
water and was allowed to air dry about an ho:.:.r before applying Narm,;o
7343/7139 adhesive. The samples were c:::..:red for a minimum of seven days
at room temperature. Test data on these specimens indicate excellent
strength over the temperature range from -423 °F (-253 °C) to +200 °F (93 °C),
with useful strength up to 250 ° F (121 °C).

3. Study of the Effect of C::iring Age::.t Co!'-::;e::.t:ratio7:'! o:i. the
Bond Strength of Narmco 734J

Anotre r series of tests were ru::1 to ft:rther evalt:.ate the effer.:.:t
of curing agent concentration on bond strE.ngth. In these tests the c;;ri::1.g 
agent Narmco 7139, was varied from 9 to 14 parts/100 parts of Narmco 7343 
resin. The aluminam adherends were primed with 3M XC-3901 silane primer. 
The samples were cured for two days at ambient temperature followed by 
1 day at 160 °F (71 °C). Test results are presented in the following table: 

31 



7139 Cone.en t:c at io2 La;eshear St.:::-ength - esi 'i'-Peel Stre:1gth - PIW
Parts/100 Part 7343 Room Tem;eeratr.::re -300 °f Room Tem;eerat-:.re -300 ° F

9 2590 9670 16:6 47.9 
10 1680 9010 16.1 35.9 
11 21.50 8530 18.1 43.5 
12 2210 7360 22.8 52.0 
13 2350 6850 21.5 31.3 
14 1860 4820 32.9 4.5 

The most clearly discern'fple trend shown by these results is a decrease in 
lapshear strength at -300 °F (184 °C) with increasing concentrations of 
Narmco 7139 curing agent. In ge:J.eral, re.su.1 ts tend to indicate that the 
7139 concentration should not exceed 12 to 12.5 parts/100 parts of 7343. 

4. Investigation of the Effeet of Residu.41 Acid Etched Alumi�wn
Adherends

In order to study the effect of resid�al acid on the bond
strength attained with acid etched ah:minum adherend sr.::rfaces, half of a

hatch of aluminum panels were thoroughly rinsed with water afte-r- acid 
etching, dipped into diluted ammoni.um hydroxide (Nf¼OH), and then thoroughly 
rinsed again. After drying, half of the panels (with and without the NH40H 
rinse) were primed with 3M XC-3901 silane primer. Primed and unprimed samples 
were then bonded with Narmco 7343/7139, and the adhesive was cured for 
2 days at room temperature followed by 1 day at 160 °F (71 °C). Lapshear 
strengths were essentially the same at room temperature for all primed 
samples with or without the ammonia rinse. On unprimed samples, there is 
a slight beneficial effect of the ammonia rinse, but generally;.:trace 
quantities of the acid remaining after a thorough water rinse do not 
appear to affect the bond strength significantly. 

D. Development and Evaluation of Pottiii.g Compot:.:1ds and Conformal
Coatings

Efforts are continuing to develop and adapt curable resin systems
for encapsulation of electronic circuitry. Thl<l introd,:ction of siloxane 
and silazane moieties into conventional polymers has enhanced the dielectric 
properties, toughness, and adhesion, properties which are critical in 
encapsulating materials. A preliminary examination of a new Thiokol 
nitroso rubber has been made, and chemically modified hydrocarbon prepolymers 
are being considered for the Saturn conformal coating:requirements. 

1. Development of Epoxy Silane Encapsulating Materials

The cured epoxy polymer prepared from l,3-bis(p-2,3-epoxypropyl)­
phenyl)tetramethyldisiloxane showed improved dielectric properties as 
compared with those of conventional epoxy resins. Measurements of the 
dielectric properties of the resins of four additional diepoxydisiloxanes, 
previously described, are in progress. 
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In order to apprais e  the contribetion of tris iloxane g�o�pings 
tr:, the -�ot1ghness, flexibility and dieleetric prope:,:ties of epoxy resir:.s, 
it i.s p1'.ann.ed to �duce Monomers I and II by the reaction of Compot:nd A 
with Compounds Band C, res�ilvely, as shown below: 

CH3 

0 1 
CH2=CHCH2- -�i�OH

CB.3

Compo�n.d A 

+ 

Compound B 
Compound C 

Monomer I 

Monomer II 

Monomers I and II will be epoxidized and e�d by conventional processes. 
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The preparation of Compo;;nd A, p-allylpher..yldimethylsilanol, is 
in progress. The intermediate, p-allylphenyldimet:hylchlorosilane, boilir.:.g 
at 70-7l"C/0.08 torr; has been prodt:ced in pt:re form by reaction of the 
mono-Grignard reagent of 1,4-dibromobenzene with allyl bromide, followed 
by reaction of the Gri.gnard reagent of the prodi..:ct with dichlorodimethyl­
silac1e. Hydrolysis of the chlorosilane to the desired product Compound A, 
is in progress. A molecular still is being assembled for use in the 
p::i.rification of Monomers I and II. 

2. Evaluation of Conformal Coating Materials

Interest in the examination of the dielectric and physical
properties of the new Nitroso elastomers being dEveloped by the Thiokol 
Corporation was mentioned in the last report. An epoxy-cured elastorneric 
terpolymer has been subjected to preliminary evaluation. The low 
dielectric constant, about 2.3, of the composition indicated that the 
incorporation of an epoxy curing system did not se.rio·.1.sly degrade. tht: 
dielectric properties. Samples of a liquid,.Nitro1:,o rubber prepolymer 
are expected, and will be of considerable �,hterest for evaluation a:,; 
prepolymers for the preparation of conformal coatings. 

E. Investigation of Materials for Low Noise, Miniature Slip Rings

The purpose of this project is to determine th� wear and noise
characteristics of slip rings operating for extended periods of time at 
low amplitude oscillations. 

The results of the last test indicated the appearance of a d.c. 
bias at the noise waveform output terminals of the electrical network 
which was designed to isolate the slip ring current from the slip ring 
noise. The appearance of the bias was traced to a faulty capacitor. 
Other key components of the isolation network are also being checked. 
Tests will resume upon completion of the checkout. 

II. Contract Research

During this report period, Saturn-related s�pporting research activi­
ties have continued in the fields of tech�ology with the contractors and 
under contract numbers listed below: 

A. Polymer Research, Development, and Testing

1. University of Florida, NASS-20247
2. Narmco Research and Development, NASS-11958
3. Peninsular ChemResearch, Incorporated, NASS-5352
4. Midwest Research Institute, NASS-11338
5. Battelle Memorial Institute, NASS-11837
6. Bell Aerosystems Company, NASw-1317
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B. Development of Cryogenic and High Temperature Insulation Material

1. Goodyear Aerospace Corporation, NAS8-11747
2. IIT Research Institute, NAS8-11333

C. Analytical Methods Development

Beckman Instruments, Incorporated, NA$8-11510

D. Assessment and Evaluation of Blast Hazards

1. Edwards Air Force Base, Government Order H-61465
2. National Bureau of Mines, Government Order H-76708

E. �ondestructive Testing Techniques

1. North American Aviation, Incorporated, NAS8-11733
2. R. W. Benson and Associates, NAS8-20208

III. S-II Stage

A. Evaluation of S-II Stage "J" Ring Protection

Examination of the "J" ring on the S-II F /D vehicle prior to
hydrostatic testing revealed that the epoxy coating which had been applied 
for stress corrosion protection had lost all adhesion and was coming off 
in large pieces. Recommendations were made for reapplying this coating. 

B. Repair of the ''Dollar Weld" Area of Vehicle S-II-501

Considerabl·e support :was·:provided the stage :contractor at .the
Mississippi-Test Facility (MTF) ·in making repairs'.in the ''Dollar Weld" 
ar��-of·.s-11�501 �tage. Art employee of this division has ·been in resiw 
dence· at. MTF::-throughout .this effort. 

Evaluation of Dynatherm 4327 for Use in the Repair of the 
''Dollar Weld" Area 

Studies were made to verify the utility of the PR-1732 primer 
for Dynatherm 4327 in making the repairs in the S-II-501 ''Dollar Weld" 
area. / Al though the test samples did not precisely conform to the test 
configuration s used by NAA, the surface treatments and bonding procedures 
proposed for the vehicle repair were followed rigorously. To evaluate the 
strength properties of D-4327 with and without the primer, lapshear and 
T-peel specimens were prepared. After acid etching the adherends, half
of the plates were primed with PR-1732 using a brush coat, and the primer
was dried at room temperature for a minimum of 30 minutes. Three coats
of D-4327 were brushed on each surface with a 20-minute drying time between
each coat. A fourth coat was applied to each surface just before contacting
the mating surfaces for bonding. The samples were cured under a vacuum for
approximately 24 hours before determining bond strength on a part of the
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specimens. The rest of the samples were allowed to continue curii.ng at 
room temperat;.:.re, while other spef;imens were test1c:d periodically. The r.::sul t::: 
of thes� tests confit"med that the primer promotes stronger bonds with 
higher peel strength .at room temperattrre, but no significant advantage 
was indicated by test:, at -300 °F (-184 °C). About 24 hours additional 
room temperature aging beyond the initial 24-ho..:r vac-.7.l'.im cure was required 
before the primed samples developed significantly greater lapshear strengths 
than the unprimed samples. A longer time, between 1 and 2 additional days, 
was required for the primed samples to develop higher room temperature 
T-peel strengths� Both T-peel and lapshear values were still irn;;reasing
after 10 days.

It was concluded that this primer is definitely beneficial at 
room temperature and also provides adequate strength at cryogenic temperature. 

IV, S-IVB Stage 

A. Investigation of Weld Etching Procedures

The Douglas Aircraft Company (DAC) has requested that a review
be made of the prescribed weld etching procedure to be used prior to 
penetrant inspection. It has been reported that the specified etching 
times·result•in intergranular attack which reacts as a crack under dye 
penetrant inspection, A report of the contractor's work and recommen­
dations has been received. As soon as a supply of the contractor's etchant 
(Turco 4366) is received, additional work will be done to further evaluate 
the dye penetrant procedure used in investigating welds on the S-IVB 
stage. 

B. Investigation of Failure of S-IVB Hydraulic Valve

Failure analysis was initiated on a S-IVB auxiliary hydra�lic
pump valve assembly that failed during test. Failure occurred in a 17-7 
spring and in a high carbon steel stop pin. 

C. Investigation of Stress Corrosion in Titanium Alloys

Initial studies have indicated that Ti-6Al-4V is susceptible
to some form of stress co:rrcsion cracking when highly stressed in. the 
presence of absolute methyl alcohol. U-Bend and threaded-end type te�sile 
specimens fail in four to five days in the presence of absolute alcohol. 
Notched-type tensile specimens, stressed to 120 ksi, fail within 17 to 
96':minutes in the same environment. Tests also indicated that Ti-8Al-1V-
1Mo and Ti-5Al-2 l/2Sn failed as quickly as the Ti-6Al-4V in this environ­
ment. Tests have been initiated to determine if Ti-6Al-4V will crack in 
other fluids. Fluids now being tested include RP-1 fuel, acetone, MIL-H-
5606 hydraulic oil, ttichloroethylene, ethyl and isopropyl alcohols, distilled 
water, monomethylhydrazine, Aerozine 50, Freon PCA, and methyl alcohol with 
various amounts of water added (0.25 percent to 3.0 percent). These tests 
have been in progress for eight days, and no failures have occurred. 
Addition.al tests will be initiated when specimens can be fabricated. 
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D. §j:ydy of the Efiec_t,,,...Yf W,.;;tG-i: (i:, .fompot:.f"1:�.ts of the S-IVB s.t�ge
�2.:L B9].]c_ti_9.§i

Sine� water leakage into the comm,m. ht�lkhead of S-IVB 210 w;.s 
reported, the pH of water was irr,,testigated ur.der vai'iea,:s conditions of 
exposc�e to the bulkhead materials. Distilled water was boiled before 
imm<arsing the samples. The water at th.at point had a pH of 5.8, and 
di:.rb.g standing for five days the pH changed tu 6.4. I-;1 ou.e day, wat.:-1r. 
in which cured h"'T-424 was ililIIlersed �hanged to a pH of 7.0 and remai�ed 
at this pH cv,i:::;: the rest of the .5-day soak. In another sample, the wa.tc:c 
with the c:n:ed HT-424 was boiled for 30 minutes. This ch:,m.ged the pH 
from 6.7 to 7 .9. Tests with the HRP cor.e show�d that this material h,'.'id 
ver:y little effect on the pH of the wate.r and the changia in pH usually 
did not exceed 0.2-0.3 uaits. It :i.s th,'"r.efore conceivable that water in 
contact with the normally c':.l'.red adhesive materials �ould become moderat(dy 
alkaline on the pH scale over a period of time. DAC representativ�s 
attrib�::ted this effect tu "activator-rich" adhesive, but these results 
indicate that the normally-ci.rred adhesive can create moderately ba:,ic 
pH values. Since this fa a stngle component film adhet�ive, theria is no 
way to study ld.g_orouzly the contractor 1 s explar.1.ation of the pH valee 
observed d�ring attempts to dry out the act�al bulkhead unless some samples 
of the specific HT-424 adhesive batch(s) used for the bulkhead fabricativ� 
are still on hand. 

E. Study of Materials Problems Attendant to the S-IVB Workshop P_p,gra�

1. !:faterials Testing in Vacuum

The purpose of this project is to determine the vacuum com­
patibility of materials contained within the LH2 tank of the S-IVB stage.
Materials will be identified for potential toxic constituents. This pr.ojt'?Ct 
has been expanded to include testing in a 5 psia oxygen atmosphere. 

Tests to determir.e the type and amo�nt of volatile constitue�ts 
evolving from the D-65 coating a�e continuing, Three long�t�rm tests 
were con.ducted at a temperatu:i:e of 120"F in oxygen atmo::,phere. The sampl'e:i 
were air cured for 72 hor.1rs followed by exposure to a vacu,i.m of 10-6 t,..lrr-•:--. 
for 72 hours. The samples wei:e then exposed to 5 psia oxygen at 120°F (49 cc); 
one sample was exposed for 14 days and two were expo:,ed fo&' 16 day,.;. 
Analytical results indicate that all samples contai;.;-,ed le:;s than 10 ppm 
of cyclohexanone at the end of the test which is well below the toxic 
level. 

2. Simulated Micrometeoroid Tests of S-IVB Materials

Testing and materials evaluation have contin·..1"ed in the study
of the effects of simulated micrometeoroid impacts o� mate�ials used in 
the S-IVB stage. The major emphasis in these studies is directed toward 
qualifying a material to act as a flame. suppre:G?..nt or inhibitor for the 
3D i:i.sulation. 
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Ov,::!r thirty diffa�::�nt sp�cime;i.s WI.:!�� prepared for hyper-,,-elocity 
impact testing ij s�pport of this program. These specime�s consisted of 
cornrerxional Douglas 3D foam panels overcoated with various films aud 
coating:.,. Dow Corning coati:.gs 93-046 and Q92-OO9 are under stt.,dy aud 
Kapt0� film and al�minum foil are heing e,aluated as flame-retarding 
s�rface films. Scrim cloth layers a�e being investigated for use in co�­
jr:..nctior� with Dyr.i.atherm D-65. The:,e samples ra;iged in size from 6 i:nch�s 
in diameter t,., thria':� fr,et; the large'.":' :size inco�por.ated a waffle pattern 
simdatfo.g the S··I\"B ta.nk wall. 

Simulated micromet:eor.oid impact tests have be.a!'.!. completed 
on specimens of 3D i!lsulation coated with either Kapton H Film, Alumi'i.�um 
F0il o::: D-65 scrim cloth. 'J.'he coated insulation specimcn.s were bondl;:ld 
ou the i.nn0r surface c,f small aluminum tanks which were pressu:cizr.!d with 
5 psia oxygen. 'rhe tect ::,pecimens wcra punctured by simulated micro­
met(:;vrites and the time from puncture until burning was complete was 
rec'-r::ded. A preliro.fa.ary evaluatio:1 of the bm:;.iing time data clearly 
illt::strates the �upi:u:ior : fire supp!'essant qualities of the D-65 
coat:i.ng over the other two ro.ateri.als. 

3. Study of Permeation - Diffos ion uf Hydrogen int1., 3D Insulatj.!-':,1

The Propulsion Division has reported a problem with apparent
changes in thermal conductivity of a tank insulated with internal 3D 
inswlation. The changing boil-off rates indicate that repeated fill and 
d�ain cy�les have pr.oduccd at least partial saturation of the insulatio� 
with gaseo-.::s hydrogen. In order to investigate the permeation of the 3D 
ins:.1lation, a tc:3t program has been planned in which helium will be a:.scd 
as the cryogcn for safety reasons. Permeation rates of gaseous helinm 
through the insulation and seal coat will be determined. The therm-'il 
conductivity of the insulation evacuated and saturated with gaseous helfo.m 
will be determined, Based on results of these tests, other tests will be made. 

V. I�strument U�it

Corrosion tests have been initiated 03 beryllium specime�s to simulate
the environ.lllti:lntal cxposare antitcipatcd for beryllium cold plates. Thc�ia 
tests are being d:,::,.e in a metha:�,�1-water solution. Dl�e to the time-r,�latc;:,d 
::::.atitre of these tests, there are r>.i.) sigcd.fic:ax.,t data to :>:,:'.\p,.i:rt at thi.G 
time. 

VI. F-1 Engine. Eroject Management, (Materialsl

A Scope of Work was prepared for a resea'!:'ch st.ady 0-.:1 Re:'.10' 41 ste'.:!l
used extensively in the tl1.rbopump of the F-1 engi::le. The r..umber of cracks 
in finished engine components has decreased drastically in the past: nine 
mo::.ths, but the engin,;i contractor conti:aui;;s to report co�.siderablc fah.:-i­
catiu� problems with this material. Efforts will be made in the first 
week of December to negotiate this contract, and it will be funded by 
F-1 special study funds. Technical direction will be provided by perso�nel
of this division.
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:i:,J. a r.�ccv.t check with Rc�k.etdyrr.e to verify appropidate QUAL testing 
of d;:-7 film lu!:n:icar.>.ts in tho tu:i:bopumps, it was learned that batch tf;sts 
oa molybd�r:.c:m disr:.lfide di:y film (RB0140-007) materials wm:e not being 
made as requ.i.red i.:.1 the spccifkations. Rocketdync u:;ics almost exclusfamly 
Oxylube 701 fo,. the t:.,r.boPt::mp shaft splines. Altho�gh this mate1:ial has 
functioned very w�ll a.nd is LOX compatible, past experience with such com� 
pou1:1ds has . prompted the r:.se of ba.t,:h tests to i�::m.re that no changes b.a-.-e 
been made by the vendor to render the mater.ial incompatible. Action is bcd.T:7:g 
taken to ir:'.\8ttre ,C(.)mpliar.,ce with t:he batch testing r.equi::emcnt. 

VII. J-2 Engi�e

Studies are co.itim.dng iu an attempt to characteriz<a and d0term.ine 
the ca1..1se of the solder joint cracking in the J-2 Engine EGA •. Chemical 
a'"alysis of five solderr, is bei'.'.lg made along with solder join,t stre:J.gth 
tests. Mt,tallographic examination of soldered tem.inals has disclosed 
(;;)-Vidence that partial refmdon of the solder joint opposite the side soldlO:red 
last is frequently a contributing factor tu joint cracking. 

B. J-2 En_g_ine, Project M.:3.na_gement �terialltl.

A meeting was atte7.lded with personnel of the Propulsion Divisio!l
(R-P&VE-PA) and their engiv.cering support contractor employees to discnss 
a J'-2 Engi�e thrust chamber nozzle exte::!sion study being conducted by the 
Propulsion }Hvi.sion. The proposed nozzle extension would be approximately 
51 inches in length and would res·ult in an expans:i.on ratio of 46:1. 'I'hr� 
design of the nozzle extension would be such that it could be :tetracted to 
some position aronnd the thrust chamber and, after separation of the S-1�3 
stage, would be deployed to act as an extensio:;:i. We have been asked to 
assist in making the material selection for st�ch a nozzle extension. The 
only criteria we have been given upon which to base the selection are that 
the extension be the radiati.oa cooled type and that wall temperat':.!.res wo�ld 
be in the range of 2700°R � 3200 °R (2240"F - 2740°F). Activitfos ar;a 
currently directed toward screening the literature to dete�:mine tb.e be:�t 

cmaterial (refractory alloy and coating) available for the application. 

VIII. C-1 Engine

Standardization of Non-Destructive Tec�nology iz_]j.ectron Beam W�ld.@.

Work has continned on the development of tech.�iques and specificatiocs
for the inspection of electron beam W("!lds in components of the C-1 �7'.).gis.o. 
Test blocks of 2014-T6, Ti-6Al-4V, and Ta-lOW have been prepared ft.w son::d 
velocity and attenuation measurements by comparative methods. Velocity 
and attenuation data have been take:c1. using the Sperry Products Compar-.y 
Attenuation Comparator. Also, a se�ond method of velocity measurements 
is being applied using the Sperry Products Company Velocity Comparator. 
Test specimens have been prepared for velocity and attenuation measurcm�r.:i.ts 
utilizing the resonant technique. 
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Appa::-i:i t.,;.3 has boc:-1 ,,Jb�::1.i::.;cd f1.,:;:- ['l(,:..
0.:.1d 1:-cam gr�o:rr"",tr.y mear·::remH.r.,;:;:;. 

B1::,am gc·.Jmfftry cha::-act<:'!:r:istic c:::.rves will be plot�ed t'.si::ig a mec:J;.a:.:ie.�.lly
cr.1';!.pled x--y f.<.:an::c.o:r a:::i.d rec.�,::-d,0�r appa::.at-:.0.R. Appa.'.':'ate:3 fo:;- f•;_·�l.!1.r--c dime·,'> 
s,i,:ir.'.'.::il d.ef:i.nit:i.1-;:'.). of c.f t:-ca8-o:1ic ti;)st beam::; is ready £1.,:;:- ,:.:�:i!. 

A"':! �ffo:..:t has bee::1 L:.1:ttiated to dcyelop spi.:lcial calibratit.1:i blocks 
c1f ge�1;::::al appli..:abilf.ty ·for t,.se ia this. investigatio:1. It is plarh).ed to 
dff.-8lop spheric.al bottom h•)lc blr.K:ks as ,1ppo::ied t1) the flat bottum hole; 
blocks p:;:(;)SCn.t:ly i::'.! c:,e i.:::. t,l t1:asonic tes ti::,.g. The advantage of s1.:ch 
bl,,,,.!ks will he th.at t:1l.ey will 1:,e highly adaptable to t!l trasord.c a.,::,.gle 
1·.za.m test:i.�.g as well as st!':¾ight beam te��ting since a t•.:aiform spherical 
b,:>::t�1m hole may te 1.:s,:d (.ivc.: a ra:2gc of angles. AlGD, in general, pc:ech�e 
alig:�e:J.t wi.11 :.1ot be 1:1;:qt.:i:;od. 

A p'i!'ogram was initi.ated t,1 determine the possible SCl'.J!.?.:ces of 
co:1t:amir-.ax.:t depositi0:i which cv..:ld adversely affect the operatio11S of the 
Apollo Telescope Mou:1t (ATM). Thi.8 study wi.11 ir.\clude all substa:-2ces TJl;)nted 
overboard from the various spacecraft elements, as well as potential 
(J�tgassing from structu:?Cal o;: instrc.'llentation materials and exh�ust of 
the RCS system. A complete study of all possible co.itamina�.t sources 
is continuing. 

B. N��clear Gro-:;nd Test Module (GTM)

In-house and contractual studies are being pu�sued to develop
the materials technology req1Jired to support the Nuclear Ground Test (:3TM) 
Program. Specifically, the areas of cryogenic insulation, valve seals, 
transducer materials, gimbal and bearing lubricants, and induced n.cutrcin. 
activation are being actively investigated. 

As a back-up for the spray foam insulation p:r.:>posed fi,r t.l-ie g?:O-:cnd 
test module, a 20-inch diameter aluminum tank was ins:i.lated with Armstro�1g 
No. 9520 cork. Foui: layers of 1/4-i�ch thick cork we�e bonded to th® tank 
using Lefkoweld 109 /LM-52 adhesi·,;e. Each layer of cork had a 2-mil ':i'.edlar 
film bvnded on as a vap<J:- barrier using the same adhesive. 

The first test of this tank with liquid hydroge:1 was r,.:.n, a�d oral 
reports indicated that· the sm:facc temperatcres were all well ahove O"F 
(-18"C) a�d that the insulation fenctioned satisfactorily. After warming 
up, the tank was examined, and no cracks were found on the sidewall. There 
waG one 2/3 11moon" type crack about 2.5 inch diameter on the lower dome 
essentially at the junction with the vertical secion. Two crackB ab<JUt 
1-1/4. and 1..;1/2 inches long we:c:e found at the jtmction of the neck t:ibe to
the upper dome. These cracks were in the vertical direction approximately
180° apart. It was impossible to tell how deep the cracks were. The
insulation was repaired by bonding 2-mil Tedlar film over the defective area
using the Lefkoweld adhesive, and tests will continue.

40 



W,)rk ha:.3 corl.'tii:U'�cd ia the d�te;,mi:::-.c-:tit'n of t�.c coGfficic;:i.t of 
tbJclJ:"mal c:,:;::i.d�:ctivity f;:om :c0om t1'�mperatt1::-e to 20°F ( ... 7"C) of··-=- ·specimen of 
lamir.?.3tcd c,:,rk.b(,a:l:d which ir, a c.£2didatc ir.:.s:1latior!. cystcm fo;:- the G'l'M. 
I:'.1 additir.>�, the coeffic.;ie�t of linear th<D:.r.r.al cxpe-;.:isic::1 fr.: l-ci:.1g detez-mi:1,�d 
at cryogo:0.ic tcmperat�1r.-�s fa,;: c:orkbo,.�rd. These data will be L'.,:;E\d in the 
a;.:al.y�-:is of the thi:-�;:-mal and structtc-::al pcrformar..cc of thir.-: i!:\sula tio::i 
syst<;.!m, 

D::awl::1gs :)f two valves cmcrc:itly 1.1sed on Sati:.r.n launch vehicl�s 
b.a;;-c bccr.1 rec•Z)iv<zd from l'r.orr,dsiua Divir:ii.0:1 a::id the materials used in
th(;.1Se valv"s are bei�g evaluated fo1.· t.'-��e in a radiation envi:CQ:llneat,i:!:1d,
whc:1 appropr.:iate, replaceme;:�t materials will be specified. Qualifkaticn
tcsti::.::g of thc:-::e c.nm.pw::onts will bo co:.dccted unde'.I:' co:itract NAS8-1802,� 
a:,.d ,-.dll "be coei:.:di:::atcd wi'!:h R-QUAl: and R-rG;�""E-P person::�el. 

'£0 p:rotect ro.o-..,i;J.g pa.rtG in the �";.lclear Urotmd Test Mr.,dule and i:-!. 
n-.:clear-pow(:)red :3pacecraft, h1bric3�ts will be required which will i.'.'.Ot be 
degraded by opc::atio:i iu hard radiatio�1. fo. coi:�ection with this rcquirce­
me:�t a series uf tests are pla.1:,::i.ed ,.in variot1s dry film lu.brica:nts irradiated 
with electr,.>::1s a:2d g�s h1 the li::ica:: accelerator and tested in the I:':�lex 
l�l:rr.i.ce�:i:o::1 tr:!::;to�.

Du:dug this 1Ccpm:ti!1g period the lub:dcan.ts Electrofilm - 2306, 
Elcctrofilm - 5396, a�d MLF-9 (Molybdenum disulfide, Craphite, Bistlll.lth, 
Alu:nillT..m:l phosphatc)wt1re appli.ed to Fal�x test Gpccimen.s. Sone of these 
:.,pecime::i.s were irradiated at 2.8 x 10 6 electrons per sq�arc inch and a
IJ.umber ar� ed:ednled for gamma irradiation. Testing has startt)d o;:l the 
electron irradiated specimc'.'.:'.s as well ar-i t!1e ci:mtr\)l spc�ime�s for all 
th�ee lubrica�ts. 

x. Project Able

Apparati.?.s has b(;;)e:1 constr.ucto.1::l for measureme!ltG of the creep of 0.5 
cmd 1.0 mil alt1JJ1i�ized Kapt�� film at 250°F (121°r.), 75 °F (24 cc), 
<;50 percent relative humidity), and n300°F ("184°f.) st consta�t loads. 
With this equipment the cl'eop valees of three samples of each film can 
be measured simttltaneo�sly at 50 and 200 psi,at ea�h of the two highc?. 
temperatt:!.ros. The measurements at 75"F (24 °C) and at +250°F (121 °C) arc,� 
in progress. The In:.,tron machine with itG constant temperature cabinet 
will be employed for the measurements at -300°F (-184 °C). It is plained
to begin the measurements at -300°F (184 °C) early iµ December. The amount 
of creep at -300°F (-184°C) is expected to be quite small and difficult 
to measure accurately with the cathetometer available, however, the experi­
me�t will provide the opportunity to measure both the degree am the 
forces of contraction which result from decreasing the temperature of 
the films from +250 (121°C), or +75°F (24°C), to -300°F (-184°C). 
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S-::.1pporting resea:rch cont;:act activiticr:: have coatiP.:,;ied in the a;:�:as 
of tcchn<'.)logy a2d w:i.th .:he co::..t:r:acto.:s as specified bch,w: 

1. Southern Research Institute, NAS8-20190
2. W. R. Crace CompaD-y, NASw-924
3. Natio::-.al Eercat1 of St(-,.r:?.d.ai:ds, Gnveram1::,nt Or.der H-92120

1. �;ar:i:r,.cu R€:flearch a:2d DE1V€!lopm<:=::.1t, NAS8-11068
2. M0!.".sa.2to R�:search Corpor.atiw., NASS-11371, NAS8�20402, NASS-20406

The Boeing Company, NASB-20156 

D. Alloy Developme�

American Machine and Fo�ndry Company, NAS8�11168

E. Physical and Mecha:nical Metallu:t:gy

1. Aluminum Compa1l.y of America, NASS-5452
2. Syt·accse University, NASS-11345
3. Battelle Memorial I::ist:itute, NASS-20029

1. Harvey Aluminum, Incorporated, NASS-11508
2. Aeronca Manefactcring Company, NASS-5445
3. Douglas Aircraft Company, NAS7-li-2�
4. Mitron, Rer,esxch and Developme2t Corporation, NASS-20609

G. Lt:bricants and L:.:bric_gy

Midwest Research Institute,NASS-1540

H. Corrosion in AluminJm and Steel

1. Akminum Company of America, NAS8-20396
2. Natio�al Bureau of Standards, GO-H2151A
3. Northrop Co4po�ation, NASS-20333
4. Tyco Laboratories, Inc., NASS-20297
5. Kaiser Akminum and Chemical Company, NASS-20285
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I. F.1<nlosi,;e Eaz:-,_::ds a:.!d Se:::c.itiyitv of Ft·.elr;
;::;:;.:,,,;:;:�--------------... - . . ---

1. c�1:::.e::-al Dy:.::a.mics Cc-:.:p,·,:;:at:Lo:�., :\;A.S8··1802t.'.j.
2. Hi;.:ghE)G Ais:-c�aft Compa:.,y, �iAS8-20210

1. Bat:t:elle Memurial It!f3t:it:i:.:te, NAS8-11891
2. Ca;.�adi.a'.'.'. C,1::nro."!:rcir:11 c .. ,,:porati<:.m., KAS8-20529

Work i.s c,.>i.".'.ti:i.�i,.�g c:1 the de·,eh1'pme,.st of c:.::i:ing �ystE!!IlS fa.i,: poly­
aryloxysil.arl<r:S of the P,;)1:;-:nr.:::.- A type alo:::-.g two li:::.0.s; (1) coude::\sation ,._,f 
the polym,'.!r c:1d g:::o,1ps with polyfa:�ctiot�.a.l silat�es st�ch as tria?.::ilb.o­
phcnylsi1.a:2e (TAPS) with the elim:i.:.�ation of aniline, and (2) formatio::'l. a�d 
C'l:.'.':b�g of copolyme:-:s of rolymer A containir,,.g chE!mically a,.;t:ive side chai"" 
gro'l:.ps, without the elimi:::latio:-1 of f'lmall molecules. 

Alnmin'.2m lapsh,;)a:t' specime:.as w�re bQ�.1dcd by appli�atio:n of a 
tnvlt8:n mixt1.·.r.e of Polyioor A a!ad 7 .5 weight pe::ccnt t:ria:-:d.li::•/.iphE,:.,:ylsile.::.\.'1 
('.rAPS), the melt bei.::lg held at abo;.,:t 200 °C. Additioc:.al specime:-::\s we'r'z 
bonded with Polymer A alo:-:!.e. After heating the specime2s for o:::-.e hu;.,:;r at 
260°C in a compressicm molding pz-ess at co::rtact p:re.ssu'.'.::'e, the samples 
bo:1ded with tr.:e TAPS mixt:..:rc wcl':'e (.:haracteri.zed by a tensile st:::-c::1gth nf 
about 2400 psi whereas those bo:."ded with Polymer A al.one had te:r'.\sil� 
st:rengths averagi:ig abo�tt 850 psi. 'U,�fortr.::::.atcly, the pot life of the 
P0lym1;1r A-TAPS mixt:..:!"e at 200 °C was only 2-3. min'.1t:es. Applicatioa by 
dipping the metal in sobtic,n �,f the mixt;,z;:c followed by evapor.atio:1 of 
::;0lvent ar.:td c:,.-.:i:'i�g, yi.elded wi,:;ake:r: bonds, i.e., 1560 p2i s.,.,.d 813 pc�i :fo:c 
the samples with 2�d wit:ho�:t TAPS, :.:-E.:spectively. It i.:� p,�issi.blP. that 
the s.Jlvent was not completely remo-,,-ed hr.)fa,:ce th:.:; c::xi:,:-.g pr,.x::ess. A -;:,0.-iJ 
experiment fa in pr,)g1:(;)SS i::i whi..�h th8 mixt:::re is a.pp1.ie.d in t.1101 fo�:m of 
thin films which have beec1 cast f�:om :-wl!J.t:io:1 and trwro;.1ghly f::E:e.d of 
solvi&7.lt. 

A c�w monomeric model compou�d, 

CH· 

0-0 o-j:�,�;Q-Q 
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has 1,1::c:.1 r:c.epa;:.-:d f,.Yr i.:sc i=.� the app��ai:�al ,,1f the res.ctivity of allyl g:,:,.1:cp:.; 
c01:.::1.f,ctc::ld to Hilico:1 in st;:::.ct,:;::-c,::; ()t the P,.)lymcr A type. The m.at<.i;:ial 
-;..as fo::mod b:1 the cr.,nde::i::;s.tio:'.'. c:f p-phi::,;.�ylphe::r.ol a,.:.d allylmethyldichlo:.:-,::­
sil.a;::.e :i.n bcnze::-.e soluticn cc>�tai2.i;::g t::d.E=\th.ylamine a::1 th<� ad.d ac.r.;-.8ptor. 
Rec:-:ystalli�-ati0;.1 of the c:-;1de. p:;:-.:idr.:ct f,:-om a mixt,:rc of benzc,i:.1<:-) a;.;d 
pet.:-oleum ether yielded a white cs:yst.;,.lline c,>mpo,:.:'.'.d, with the e:x:pE)cted 
eleme::>.tal cumpositie>�. 

Thermog.:-av:i.mt!t:::i.c analyses (TCA) have bee;:i made 0:1 the g1:o::p 
of mo!'.\omeric aryloxysilane.s dr;�scribcd i:1 a r.cce.1t publication Q:r:!m;.z.a-::dc 
(,'he,!Ilj..'-l t'Z',i .2. 2042 (1966)). I-a that pt:blkatio;.}. th<c;l diffe,.·8ntial the:.:-mal 
a:�alyGes (DTA) of the comprm.:,dG were rcp,cirted. The a·v"i.rllability of the 
tw,'J acc:.!:cate aw�lyses uf ft g:c,:-,;;:_�p i..,f car0.:folly pt1rifi.cd matt�rials affo:rds 
some clarificatint'.! uf the re�.'.':.1Ut�g ,Jf the at�alyl�es at temper.atur�s below 
those at which decompc,siti<:n take�3 place: (f:1) TC.A weight h1:,..;e:3 we1:e 
directly pr1>?•Xrti.,;n,.al t0 the v,)lalitity and i:"ve::::sely prGp,rr.1:io;::•.al t•.) the 
m,)ler.:�:1.a:r w�::ight 0:t: t!!..-;: material:..;, R7:i\d (b) t�,:::e:.:g,y a.br:;orpt:i.vn :b the D'l'A 
mca.sr..-::cement t,x,k plar.,-; 1J�.ly at thtJ ffit:!l ting pui:.1.t::; of the compo�::'.J.d.3. 

Previoc:3 w,:>rk har; i'."."!.dic,::ttcd the possibility that the solvo:::1t, 
te .. , . .,..."'..,.7d,-,-rt1"'·"'t'A ('l'H"I<) "'�·- .,..("'"'C"" "he...,.:..· ,..�1·1., T .. ,.l· th th'·' p �1 ... -.-,-yl,....x"""' 1.· 1°,-,�� _., .... �,•�>-.,:J ... I. ••• •• ,... -�--�- ,,,,.,.1,J ·"- _ .. c ... (.. '1..,0., .. --�.u. �f'll.. ·:t W, .,. .,'--- l.J. Jf'4Ji.. l:J .71-;, a�---A ..... 1'">. 

H0wever, a quantity of t:riphenylpht;lnoxysilane wG.s prepared and was f,:,c:�1d 
to be stab le fa. boil fog THF f�r. · a. pe:�:::::tcd of 7 • 5 ho';!:CS • 

An t:n.s;:;-.c(:essfcl s.ttempt to ct:r8 an aryloxysilane polymer crin­
tai:1iug Si-CR3 grotzps by treatment with methylethyl ketone peroxide g,-.ve 
aa opro::tu:tlty to check the incxt::iase of absolute molcc:ula::e wP.ight as 
determined by light scatt<s:):-ing agaiI?.Gt the i.r..c:ccasc i.n r,.:ilative mole;..:ula:i:: 
w:sight:'3 a.s dete:cm.incd by gel pe::m.cat:i.on chr0m.at0graphic a:1al ysis (GPC). 
The t-wo methods agreed and showed that a small increase in molec'.:.lar 
weight of the polymer rest1l tcd from the pe;e-oxid� treatment. 

The prodt�ct obtained from the rldaction of 2A,6,8 .. tet:ca·ph"�r:.yl-
2,4,6,8-tetrakis-!!-methylcyclohexylaminophosphonit�ile and anhydrrous 
HCl, ::md which was assumed to be an faomeric mixture of phe:.,ylphospho'.'.Aitri.li� 
chlorides, was subjected to eleme:.1tal analyses and found to co,:'l.tain 
approximately 30 percent ash as MgO. Fut::thermc.ri:e, tbo product contained 
only a negligible amount of chlorine which was probably present as a co:1-
taminant and not a part of the molecule. 

Therefore, the intermediate assuw=d to be P4N404 (N(CH3)(C6Hn) )4
as obtained from the Grignard pheuylation of the correspondir.i.g tetrachlm:o 
derivative is undoubtedly some type of phosphonitrilic .. m.agnesium complex 
arising from attack by the 0MgBr on the ring nitrogens with co�committa�t 
attachment of the Mg to the lone pair of electrons on the nitroge� atom. 
Unfortunately, these results parallel unsuccessful efforts by other workers 
to effect tetrameric ring substitution with Grignard reagents. 

44 



At tb.e .,pi;@a_e""!.'I;, t:i.,me effo::q are being_ de�ot.-!d. to a cha:i;:act.t-riz�t.�.0:.1
_of the P4N4Cl4l;)ll\.l!.d-3) (C.6R11)4 obta1.:1ea f:i:um r.he r�act1.,,i:l. of (I'NCl2J4 with 
!i_-m�thylcyclohexylamine. This amide is obtained in qcantitative yield through 
�he treatment of (PNCl2)4 with the ami�e at 0°C in THF. More significant, 
however, is the fact that the nc.clear !Mgnetic resonance __ {n.m.r.) spectrum 
of the amide shows it to be a non-geminally substituted single isomer. 
Th:i.s is very u1:.csual becat:se the fom..�tio� of four isomers is pr;ssiblc 
from the reacti_o_n; a_nd, to date, no lite;:-ature references report the 
isolation of a si::.gle isomer in quantitative yield from the nt�mcrot,.s 
rl!lactions stcdied involvi2g amir2ativ7.'.\ o:f: (P)!Clz) ·.. Moreo-.rer, n.m.r. <lats 
shi)w that the amide is eithe::- of t::-,.� fl-tr:cc.:·:;::, i-t::::t:::-.:::, o:: cis configu:s:-ation.. 

To establish the c.;,,:.?.f:igu7:ati,::i:J. of the P�'ii4Cl4 (N(CH3) (C6Hu) )4, 
a series of reactior).S arc being c�dcrte.ken to prepare appropriate derivatives 
suitable for n.m.r. st�dy. The amide has been treated at 0°C in TFfF with 
excess mo2omethylamine to form a completely substituted derivative: 

The prod;:.ct we.s obtained in quantitative yield as a coarse crystalline solid 
which had m.p. 174-176 nc after recrystallization from THF. EleroBntal analyses 
are pe:-1.ding. 

The next step will be treatment of this amide with one equivalent 
of phenyl isocyanate. 

P4N4(i:lNCH3)4(N(CH3(C6H11))4 + C6H5NC0 _,__ - - --­

-"!oo-P4N4(HNCH3)3(N(CH3)CONB.C6H5) (N(CH3:)(C6H11) )4 

The proton n.m.r. spectrum of this de�ivative will be examined 
after deuterium exchange of the amido protons. If the spectrum of :the 
compound shows four doublets indicating that the methyl-amido groups are 
in four different environme�ts, the only configuration that satisfies 
this requirement is. the #-trans. lh:iwevcr, if the spectn'llll shows three 
methyl doublets with an area ratio of 1: 2 :_1, the only geometrical coc1• 
figurations possible are the � and p-tra:>:Q_. If the latter possibility 
is the case, then treatment of P4N,'.j.Cl4(N(CH3) (C6H11))4 with anhydro�,s 
FeCl3 in benzene will be perfo;:med to effect isomerization to another 
geometrical configuration. S-:.1bsequcut work as outlined aboye coupled 
with dielect�ic constant measurements will enable fir.al characte�izatio� 
of the original isomer. 

C •. Investigation of Materials for Use as Electrical Contacts in the 
Vacuum of Space 

Development work and qualification testing have continued on low 
resistivity bi-esh materials for possible application in the enviror:l.Dle.::lt 
of space. Present work is concerned with the development of niobium diselenide 
(NbSe2) based brush materials. As reported previously, difficulties have 
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bee2 experienced in hot pressing the DJoScrsil;;mc (Ag) bruGh materials. 
The hot pressed de1::.sity of a 90 :NbSc2•·l0 Ag compositio!l has varied from 
99 .4 perce::.t of theo::.-etical t1si:1g 0�1e bat<.:h of l\J"bSe2 to 83 .3 percent. of 
the:::ir.-cti.cal 1.1sing anc.)ther. batch of 1:-JoSez. Preliminary findings indicated 
that roact:ion bf;:twee::1 the :t-TbSc2 a;:"!.d Ag duri�.g hot pressi!:i.g, forming a new 
compo��d, may be r�spossible for the density variatic�s. X-ray diffraction 
techniques are bei:.�g csed to study t:he reaction and analyze the new compou7.!.d. 

x-4ay diffraction analysis of the latest shipment of NbSe2 shows
that this material is identical with previo�s batches of NbSe2. The hot 
pressed de33ity of this material was also identical with the hot pJCesscd 
de:.:S ity of the pr,;;vioi1s shipmer.t with the same particle size. The 90 �OSe2 -
10 Ag compc,sitio.:i. was hot pressed again with the same results obtai�cd -
a fractional de?:::sity (ac.tnal der�sit:y/theo!'etical dcr",sity) of 0.83. Dm:-ing 
the ren�11. of this compositio:1., samples of the p�er were taken after hand 
mixing wi.t:h a spatu:la, after mixi:::i.g fu"!' 2 hours witi::t steel ballR :i.n a tumbler, 
and after hot pr0ssi::1.g. 'fh.e sample taken aftc:-,:- hand mixiag shows the 
diffr.actio:1 patterns of r-.iOSe2 and Ag, as expected. The samples take:i 
afte:i: ball mixfo.g and after hot pressing both show reaction of the compo:::tents. 
After ball mixing, the pattern shows l\JoSez, Ag, and 5 u!:!.ide:itifiable lines; 
zfte,:- hot pressing, the pattern shows only ri!bSe2 and 5 u:1identifiable li:'.'les. 
A sample of 95 N0Se2-Ag, made from the previous shipme�t of NbSe2, showed 
m1ly �OSe2, and a sample of 80 NbSez-20 Ag, also made from the previous 
shipment of :t-JOSe2

) 
shows an appare:.t new compound. The nature of the 

reaction and cha�acterization of this new compound will be investigated 
further. 

Tests are continuing in which a variety of experimental bri,sh 
materials including various selenides

) 
sulfides ) mixtures of these, and 

sulfides and selenides with added silver are being tested in air and in a 
�educed presstre environment to determine the coefficie�t of frictio� of 
the brush matexials in the stated e�vironments when operated against a 
slotted copper colillTIUtator rotating at 2,200 rpm. 

. . . . 

D. I�vestigation of Thin Film Materials for Electronic Compone�ts

A thin film of Si0 was deposited o� a polished brass plate 3-1/2
inches in diameter. The thickness of the film was approximately 4-20 a:::-.gstroms. 
The thickness measu:rement was made on a refer8nce glass slide �1sin.g a 
double beam interferometric technique. The film was determined to have 
zero resistance with standard dielectric measurement apparatus. A small 
probe with a 1-1/2 ,mlt source also showed zero resistance. These results 
are as expected. At this film thick�ess the voltage gradient is above 
5 x 105 volts per cm and is sufficiently high for onset of electron 
t�n�eling and dielectric breakdown. Special low voltage measuring 
te,:!h�iq:..�es will be developed to resolve the questio:1 of the condt1ctio;1. 
mechanism through the film. 
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\"a1:iatir>:1s i::: t!7.c ratio cf film thick::c:c:s to m:-:.ss of the so�rce 
ha·�-c bee::,, fo;;::�d to exist. F:.'.,':'t:r.t,-r dep,,siti,��r-; a.7:c pfa.:::,.::1ed to .isol.s.t0-
the P-O:;l7:ep::.:-odecible fact�);:. 

E. D,-;velo2m��=1,t.._...9f Di:-ect t't:£EC'.1t Moto:-s fo;: ..J8e i� E�,;,'.!-,!oc,m�:::.t of
Space

Materials a:.:-e bei:::g e·v·all.1at0d at ext>-'Cm<� teruperatur�s a:.1d low
pressi.::rcs for ;.::se in direct c:.::t're�t (d .c.) motors desigr.:ed fnr opE:ratio:.1. 
in the space e;:,:-�i1:onment. 

Durit1g the r.epor:ti�g pe::iod 0:".1<::) test was made 0:1 the motor-gc:::.erator 
set at a pressrn:-e of 1 x 10-6 tort·.: · Avm:age speed was 670 rpm with 
applied motor arw.atu::-e "•oltage of 40 v�lts a'.'J.d with field currents mai:::.­
tab.ed at 1.5 ampe�t!S. This te:;;t was e.ided after 3U hours with little 
wear of the brushes a�d with �o bearing o� i�Bulation�problcms. Wea�
rate determined fo;;: these br __ 1Rhe1� .::"""·crag8d 2,0 x 10�::, i.r.-.ch./hoi:,;r. 

F. �e.,--mi!?.ati.£_;'1 of Physic,?;J...1.F.O.P.e,Fties of �..ate;:�s by No:.�S§JZ1.1cti_1�
Tcch:;iQuas
- ..........___ 

A project is being c'.3nducted to determine the correlation 
between aco-;,1stic emi.ssio� and str�ss corrosion propagation. 

D�e to the ...,-ery low le·.·cl t1f acot1stic emissio::1 resulting f�:om 
stress cr.:i.:-rosi-0:1 phe:1ome:1a, di.ffie��lty ir.1 separation of these sigr..als fro;n 
backgrou::id emissions has necessitated acquisition of an acoustically i�sula·::d. 
chamber. The chamber has been desi g:0.1:)d, cons t:r,.1cted and deliver.-,.::d. 

T.:-ai.:\Gducer. holder.s have been reduced i:1 size to prese,.1.t a 
smaller receiving apert��e to minimize damping and distortio�s. 

. . . . 

2. Ultrasonic Measureme:1t of Crack Prot1agatitJ:'.1 

A project has been initiated to de·;elop a .'.",�1itable lab,?:-att:-7:y 
apparatt.1s for meas11:reme;2t of the rate '-">f C:':ack p,cop.:1gatio:1 in strv.�ct;.:ral 
alloys. '£he apparatus is needed for expe;::imc::,.t.a.l study of the i�1flcc::--_r.':) 
of stress, re.¾.cti-�:e e:1viro:?.:nent:s, temperat�7C'e, etc, O'.'.i\ the rate of c:-:a,.:k 
p:::opagation. 

G. fa:bricant Development e.t!.d Eyal:::.atio�

A major lubrication problem toda.y concerr.G low t�;mpe:-.:atu7C'e h:;b:-i.ca::t:s
fo-;: usa in a cryogenic erri1ironment. A test appar a t-:Js has bee:,. des i.g:.1ed 
s.nd fabricated for evaluating greases o,..-e:;.: the tempe·.rat1.:.:re range from 
+S0°F to -100°F (10°C to -73 °C) breakaway torque and the relaxatioa tm:q:1c
can be measured acc�n:ately at any specific tempcratt1re in this temperat1.'.re
:;:ange. D:.·,ri::i.g this period several repeat tests were made on lubricants
pr:e-.rionsly tested as well as several I'.ew greases. The lubricants teGted
were as follows:
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Dow Cor;J.ing 
Halocarbon 
3M Company 
M.sFC 

(flt.'!oroG il ico�1e) 
(fluo::ocarbon) 
(fh.;o-rocarbon) 
(fluorosiliconc) 

MSFC 
MSFC 

FS-1281 
25-5S
Kel-F-90
AC 4-2-4
AC 8-3
QF 10065 (75)

(fluorosilico�e and fl�orocarbon) 
(flcorosilicone and fluorocarbon) 

The results of these tests will be tabulated when tests are 
complete and the data will be ir.'.>.cluded in the next monthly report • 

. . 

H. Investigation of Cera�ic Fiber Reinfor_sed Comoosite2_

Efforts ha"\•e cori.tineed to develop ce-ramic whfaker reinforced
dra� glass fibers. A few short le:.1gtb.s of glass fiber·containing 
silicon carbide (SiC) whir=:ko:r.s have be.en prepared by filling a glass 
tt�be with a mixt��z:c of 90 perc�?-:1.t E-glass and 10 pe'.".:"CC!).t SiC whiskers, 
melting the end of the tube in a11 i:1.dt:ctio:1 heated graphite t:.lbe a::ld d;:-awing 
the fiber by hand. The fibe�s sre weak and large a�d hav� a very poor 
surface. The presence of the whiskers appea:i:-s to redT.!.ce markedly the 
ability to draw the fibers. Some experimental trials in melting E�glass 
alo�c have been made. Thin-walled platinu:n cru�iblcs were uced i�itially 
as containers for melting the glass in the induction furnace; however, 
platinum is not a satisfacto:::-y susceptor for the RF power. Crucibles 
of SiC have been ordered to use as the susceptor material and the glass 
melt will be contained in a platint1m crucible within the SiC crucible, 

Th� design of t�e fiber tensile tester is complete and detailed 
d4awings of the individcal parts are being prepared. 

I. Deyelopment and Eval�.1atio.,., of Metallic Composites_

Efforts are continuing to develop LOX compatible cerami� adhesives.
A series of mixes were i:1."•estigated in. which mon,;,aluminti.m phosphate 
and 25 percent colloidal oilica were osed as bo�ding agents a2d zirconic..m 
silicate (ZrSi04), zirco�ium oxide (Zr02), am alttmiD�m oxide (Al203) 
as inert ingredients was investigated. The best compositio3 consisted 
of 10 grams Al203, 10 grams Zr02, 5 cc mo!?.oalumi.num phosphate and 4 cc 
colloidal silica; however, it did not have a satisfactory pot life, nor 
was its shear tensile strength comparable to that of the previously 
developed 114 mix. 

Future work will co�ti��e on the in-ho�se developme�t of ceramic 
adhesives, aud the evaluation of commercial ceramic adhesives. 

J. Development and Evaluation of Metallic Composites

Several specimens of steel wire reinforced magnesium composite
material were prepared during this report period. Previously prepared 
wire reinforced magnesium composites contained wire volumes of only four 
percent; however, recent experimental composites contained eight and 
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twelve voh:me percent of steel wi.!:e reinforcement:. '.I;'he materials csed 
in these composites were AZ�31 magnesfo:m alloy fc,il and NS 355 steel alloy 
wire of 0.004-inch diameter. M..atri.ces of alterna1ting layers of magnesi;.im 
alloy foil and steel wire were heated to 700 °F (3:71 °(!) fox- five hoers 
lH1.der a redt:ced press;.;:re envii:o;:uner..t of 2 x 1c1-2 torr and undta!r a

clamping pressure of 10,000 psi. An average tensile strength of 57.5. 
ksi was obtained for an 8 .. 5 per.cent wire compc\sit:t� and 72.4 ksi for an 
11.7 percent wire composite. Other tests will be, made to verify· the above 
data; and, if found valid, experiments with beryllium wire will be 
attempted. 

Work has continued on the development of techniques and concepts 
for utilizing modular filament sheets, as a metho,d of prodtzcing low density, 
high strength composite metallic materials, A pa:tent application has been. 
completed exce.pt ft")r necessary d:::-awings of the po,t:ential application and 
will be submitted upon receipt of these drawings. The mod:.ilar filament 
concept has bE::en extended to include filament reinJ'orced cast aluminum and 
magnesil.Ill composite. Assembly of stacked beryllium modular filaments are 
being accomplished. Also, preliminary casting t:e.chniques have been dis­
cussed and established for producing aluminum and magnesium cast panels 
reinforced with the above mentioned ber.ylli�m modular filament. 

Three types of explosively-bonded composite sheet materials were 
prepared and tested with results indicated in the following tabulation: 

Composite 
Ultimate 

Tensile Strength, psi 

Percent 
Yield Strength Elong&tion (2m1 

psi 

1. 2024-T4 aluminum
(0.015-inch thick)
bonded to 6Al-4V
titanium 0.051-inch
thick

148,000 130,000 5.5 

2. 2024-T4 aluminum
(0.060-inch thick)
bonded to a second
sheet of same material

73,000 61,000 10 

3. 6Al-4V titanium, Alclad 109,000 
(0.047-inch thick) bonded
to 2024-T4 aluminum
(0.024-inch thick)

It should be noted that in the number 1 combination there was an increase 
of 16 percent in the ultimate and 15 percent in the yield strength com­
pared to the theoretical calcalated mechanical pr,operties of the alloy 
combination prior to joining. In the number 2 combination there was an 
increase of 7.2 percent in ultimate and 28 percent in the yield compared 
with typical mechanical properties of 2024-T4. Finally, in the number 3 
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combination thE!re was an im:r1:,ase uf 7. 0 percent in thE, ul timat:e compared 
to the theoretical cah�.:lated mechanical prope.rtie.s of the alloy combinatioci 
ptior to joining. Explosively joined panels 10 inches by 24 inr.hes are· 
plan�ed for the next reporti:1g period in the combinations, aluminum-
ti tanium-aluminu.m and mag�,es ium-titanium-magnesium. 

·, • , • ·, . · . • , • • ' • 

K. Evaluation of "Alstan 70" Process for Plating on Aluminum

Activities have continued on the evaluation of the "Alstan 7011 

process for plating aluminum alloys. The Alstan process employs an 
initial alloy strike (tin and copper) in the plating sequence i.nstead 
of the zinc immersion coating which is used in the conventional process. 
Two alloys, 6061 and 7075 are bei�g used in the evaluation of this process. 
Results of the work thus far indicate that the 6061 alloy may be satis­
factorily plated with nickel and gold using this process; however, 
difficulty in plating 7075, as well as 2024 and 5052 alloys,. has been 
enco;..tntered. The main proble.m is poo·.c adhesion in the area of ele.ctrical 
contact. Several types of electrical contacts have been t;Sed and all 
result in numerous small blisters arou�d the coatact area. This problem 
is not encountered when platir11g these alloys using the ·conventional 
zincate method. 

L. Investigation of Stress Corrosion Characteristics of Various
Alloys

Tensile specimens have been fabricated and a test program formu­
lated to evaluate the stress corrosion characteristics of 7001-T75 
aluminum alloy. The properties of this alloy have been obtained, and 
tests will be started as soon as possible. 

Stress corrosion studies have continued on alloy 7039 in the 
-T61 and -T64 tempers. Failures have occurred to specimens stressed in
the short transverse direction; however, no failures have occurred to
specimens stressed in the long transverse and longitudinal directions
after approximately eight months exposure in the alternate immersion tester
and in the local atmosphere.

The stress corrosion resistance of X2021 and X7007 alumin�m alloys 
is being investigated. These alloys were stressed in all three grai� 
directions and:.expos.ed in the alternate immersion tester and it, the 
local atmosphere. There have been no failures of these alloys since those 
listed in the August progress report. Alloy X2021-T8E31 specimens have 
been exposed to the local environment for 262 days without any failures. 

Weldments of alumin�m alloys X2021 and X7007 welded with number 
5180 wire are being evaluated for susceptibility to stress corrosion 
cracking. Specimens are stressed to SO percent of the ultimate weld strength 
using a bend type specimen. No failure has occurred to specimens of 
either alloy that can be attributed to stress corrosion. The specimens 
made from X7007 have been exposed in the alternate immersion tester for 
100 days, and exposure is being continued. The specimens fabricated from 
X2021 alloy have been removed from the test environment, and the properties 
are being obtained. 
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Stainless steel tubing (321 alloy) welded and brazed to fittings mar­
keted by General Electric, Aero Quip, and North American Aviation are 
being evaluated for susceptibility to stress corrosion cracking. The 
alternate immersion tester is being used in this work. There have been 
no visible failures after 66 days of exposure. 

M. Investigation of Various Paints and Paint Primers

Two clear lacquers have been evaluated for the protection of highly
polished surfaces. An air-drying lacquer produced a fair surface appearance 
which was improved by baking at a low temperature (175 °F). The baking 
lacqu�r gave the best results and provided a harder, more durable finish. 
This finish is extremely difficult to remove after it has been cured 
and could not be considered for strippable purposes. 

N. Synthesis of Fluorocarbon Monomers (SWO 426)

i. The preparation of fluorocarbon intermediates of potential
adhesive interest is continuing. 

Trifluorovinyl lithium is commonly prepared by reaction of 
trifluorovinyl iodide with methyl lithium. Since analytical data on one 
of the reactants, methyl lithium, is quite uncertain, an attempt was made 
to prepare trifluorovinyl lithium by reaction of trifluorovinyl iodide 
and butyl lithium, a much more easily characterized material. 

In the reaction sequence to prepare the unsaturated alcohol, 
CFz=CFCH(CF3)0H, butyl lithium was substituted for methyl lithium in the 
first stage of the sequence described above. If this substitution can be 
made directly, then the final product should be identical to that prepared 
using methyl lithium in preparation of vinyl lithium. The product�. however, 
appears to be different, showing different distillation properties. The 
reaction was run once in ethyl ether and once in hexane, and in each case, 
the product formed azeotropic mixtures which have not yet been resolved. 

2. Investigations have continued in the study of fluorocarbon
materials as potential lubricants for use in contact with liquid oxygen. 
Several variations of the synthesis of 1,1,2,2,tetrafluoroethyl polysiloxare 
by the photo chemical reaction of methyl dichlorosilane with tetrafluoro­
ethylene have been tried in order to study this reaction. High yields 
of a high boiling product have been obtained and an anal1sis for functional 
groups (SiF) both before and after hydrolysis indicated that (_SiF) was not 
present. A new synthesis was started using a more intense UV source in 
an attempt to solve this problem. 

O. Documentation Review

The following specifications, documents, or reports were reviewed
and comments were forwarded, where appropriate, to responsible individuals 
or organizations: 
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1. Thiokol Spec. 7220 &, dated 9/4/63, "Protective Treatment,
Alt1m.im,.m Alloys, Touc.hup" 

2. Thiokol Spet:. i'695 J?., dated 8-2-66, "Heat 1reat:me,1t,
Cleaning, ar..d Picklit).g Req�·.i:cemE-1::1.ts f�).t: �emi-Fi:1ish"'d aad Fh:i.shed 
Refractory Metal Pi:lrt:�" 

3. Thiokol SpE-,<'.. 7703 �' dated 8/2/66, "Method of Clea,iiv.g
Aluminum Alloys for Electron B�am Welding" 

4. Thiokol Spec.. 77 04, Febrca·ry 66, "Cleaning and Pickling
Req11.irements for Semi.-Finished and Fir':ished Molybden:1.m Pa·.cts" 

5. Thiokol Spec. 7705 �:., dated 8/2/66, ''Mt!thod of Pickling
Ti tanii:.m Alloys" 

6. Thiokol Spec . .  ,.i06 A, dat�d 8/2/66, ''Mdhod of Pfrkling
Tantalum and Columbium Alloys" 

7. Thiokol Sp<;-'�:. ,·703 �' dated 8/2/66, "1_:l-2at1.iP.g P::,"lr:.ed;:.:..·�
fo-:: Semi-Finished and Fi:::.ished R,2f-;:-,,u.:to-;:-y Metal Pa:::ts" 

8. Thiokol Spec. 7709 �' dated 8/2/66, "Cleaning Procedt.:re
for SEc.mi-Finished and Finished Refractory Metal Parts" 

9. Thiokol Spec. 7712 !:_, dated 8/2/66, "Gold Plating"

10, Thiokol Spec. 7736, dated August 66, "l� .. l Thr:.st Chambeir 
Cooling Jacket Passivation" 

11. NAA Spec. MAD616-016 _!!, dated 8/23/66, "Cleaning Packaging
Requirement for Saturn S�II Liquid and Gaseous Oxygen System Components" 

12. NAA Spec. MAD116-015 �. dated 8/8/66, "Clean Packaging
Requirements and Procedures" 

13. Thiokol Spec. 7703, ''Method of Cleaning Aluminum Alloys for
Electron Beam Welding," dated August 2, 1966 

14. Thiokol Spec. 7716, ''Welding Quality for Extension Nozzle,
Rocket," dated August 2, 1966 

15. Thiokol Spec. 7676, •�ertification, Electron Beam Welding
Machine Operators," dated September 29, 1965 

16. Thiokol Spec. 7675, "Certification, Electron Beam Welding
Machine," dated November 8, 1965 

17. A review was made of the draft entitled, "Casting Procurement
Specification for Ferritic Steel Castings for Valves and Pumps," submitted 
by I-MT-EQ. 
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P. Literat�re Survey

Surveys of the pertinent literature have been initiated as are 
continuing on the following s:.1bjects: 

1. Radiation effects on engineering materials
2. Vacuum effects on engineering materials
3. Lubricants and lubricity
4. High and low temperature resistant polymers
5. Stress corrosion on structural a
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I. Photography

MONTHLY PRODUCTION REPORT 

MATERIALS DIVISION 

NOVEMBER 1 THROUGH NOVEMBER 30, 1966 

Negatives Prints Slides 

Engineering Photography 
Metallography and Fractography 
Miscellaneous Photography 

Processing, Copywork, etc. 

18 
185 

87 

71 
324 
602 

II. Metallurgical and Metallographic Testing and Support Services

8 

A. At the request of the Test Laboratory, several gold and tin-plated
electrical terminals were exposed to the five percent spray and 100 
percent relative humidity for comparison o.f corrosion susceptihili.ty. 
Salt spray exposure for 216 hours and exposure to a 100 percent relative 
humidity for 30 days did not result in serious deterioration based on 
a visual examination. It was recommended that electrical measurements 
be made for a complete evaluation and comparison. 

B. A metallurgical evaluation of a 302 stainless steel snap
diaphragm was completed at the request of the Propulsion Division, R-P&VE-PEM. 
The 302 stainless steel snap diaphragm was shaped by magnetic hammer 
forming. The evaluation did not reveal any adverse effects as a result 
of the magnetic forming operation. No increase in hardness was noted 
in the formed section; however, it must be understood that the 302 stain­
less material was in the fully work hardened condition. 

C. At the request of the Structures Division, R-P&VE-SVT, metallographic
studies were made on an Alclad 2024-T3 dynamic test specimen. The sample 
had been exposed to random cycling with loads ranging from 1800 psi to 
54,000 psi. The test lasted for nine hours before specimen failure. Since 
the test lasted for this extended period, a study of the microstructure and 
hardness was requested. The metallographic study did not reveal any 
metallurgical irregularities nor was the hardness out of the range for 
2024-T3. 

III. Spectrographic Analyses

Two hundred nineteen determinations were made on twenty-one samples 
and two hundred nineteen standard determinations were made. 
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IV. Infrared Analyses

Twenty-four determinations were made by infrared techniques on a 

variety o.f materials including residue from a CEC leak detector, residue'! 
from an air dryer, Arochlor 1254 from S-II-501 LOX tank, an ink f�om 
Test Laboratory, and a variety of polymer and moP-omer specimens. 

v. ,Q:t..f:E1ica1 Analyses

experimental polymers for 
carbon 
hydrogen 
ri.it:rogen 
phosphorus 
total chloride 
ionizable chloride 
ash content 

m�tal samples for 
ca-rbon 
chromium 
nickel 
sulfur 

methanol water mixture for 
sodium benzoate 

caustic solution for 
Na0H 

residue from solid propellant rocket for 
carbon 

gas samples for 
hydrogen 
oxygen 
nitrogen 
toxic contaminants 

VI. Physico Chemical Analyses

Density of RP-1 fuel 
Heat of combustion of RP-1 fuel 
pH of methanol-water solution 
specific resistance of methanol-water 

VII. Rubber and Plastics

molded and extruded 
cemented 
potted 
fabricated 
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Determinations 

3 
3 
3 

2 

2 

2 

2 

24 

24 

24 

24 

3 

4 

4 

7 

20 
20 

8 

Determinations 

24 

2 

3 

3 

33 
50 
19 
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-vIII. Electroplating and Surface Treatment

cleaned box assemblies for 
liquid hydrogen. and liquid oxygen use 

plated 

IX. Developme!:.t Shop ProdL�ction

Items 

2 
132 

A. A total of 5,015 man-ho11rs, direct labor, was utilized di:.ri:.1.g
this test period for machi'.":ting, fabricating, and welding. 

B. One thousand two hundred and seventy-five man-hours, approximately
25.4 percent of th� total man-hou:rs, were devoted to prod.:.ctive effort 
of a nonrouti:>1e n.att:.re and apf,lied to the work orders listed below. 

1 . Cycl o:ae Chamber 

The cyclone chamber has been completed and delivered. 

2. Quick Release Umbilical Carrier

The quick release umbilical carrier is approximately 80 percent
complete. 

3. 6-Inch UV Camera Assembly

Hardware is ordered and design prints are nearly complete for
the 6-inch UV c�mera assembly. 

4. Rack/Payload Module

The first rack, built for access study, was satisfactory.
This rack wil 1 be t•.sed for buoyancy tests. 

5. Rack/PM Battery Dolly and Track

Numerous test components are in various stages of manufacture.

X. Miscellaneous

A. Six steel items, one hundred items of titanium alloy, and five
items Inconel 718 alloy were heat treated during this report period. 

B. Prepared several ceramic insulators from Grade A Lava for Test
Laboratory. 

C. Prepared over thirty foam insulation specimens coated with
various flame-retardant coatings. 
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D. Made forty-six !..'.hromatographic..: analyses of variot:.s organic..: mater i.al:o.

E. Determined compatibility with liquid oxygen of specimens from
eighteen jars of FS-1281 lubricant:. 

F. Fi.fteen differential thermal analyses, two thermogravimetric
analyszs, and thirty differential scanning calorim�tric tests were made 
during this report period. 

G. Ref.le-.�tance determinations were made on two specimens.

H. Sixteen samples wP.re examined by X-ray spectroscopy during thi:3
repor.t period. 

XI. 'Pt:.blications

Key, C. F.: Compatibility of Materials with Liqi.;id Oxyg�::i, III,
TM X-53:j33, November 3, 1966. 

Fowhir, M. V.: Effe�t of Molecular Structure on Physical Characteristic:r5 
of Polya!."'yloxysilac?.es a�d Related CompotD.ds, TM X-53536, November 14, 1966. 

Olsen, M. G.; Davis, R. A.; and Worden, S. W.: A Study on the Effects 
of Various Heat Input Rates on T-1 and T-lA Steel Welds, TM X-53537, 
November 14, 1966. 

Key, C. F.: Compatibility of Dye Penetrants and Penetrant System 
Components with Liquid Oxygen, IN-P&VE-M-66-5, November 3, 1966. 

Morgan, W. R.: Low Temperature Mechanical Properties of Aluminum Alloy 
7O39-T6 Sheet and Plate, IN-P&VE-M-66-6, November 14, 1966. 
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GEORGE C. MARSHALL SPACE FLIGHT CENTER 

PR-P&VE-P-66-11 

MONTHLY PROGRESS REPORT 

November l, 1966 through November 30, 1966 

SATURN IB 

I. S- IC Stage

A. H- l Engine

l. Engine Gi.mbal System Auxiliary Pump Problem

The auxiliary hydraulic pump on position 4 of S-IB-4
was making periodic "pinging" noises. It was suspected that the pres­
sure compensator was sticking since the noises were accompanied by 
small pressure oscillations. Consequently, the entire hydraulic pack­
age was removed and sent to Michoud for investigation. 

2. Servicing and Inspection of Engines on S-IB-4 Completed

All outstanding work items were completed on H-1 engines
of S-IB-4 at KSC. The LOX domes were flushed for decontamination, 
the turbopump shaft lock taos were inspected with satisfactory results, 
and the thrust chamber walls were cleaned. 

3. Engine on S-IB-7 Stage Replaced

Engine H7080 on position No. 4 was replaced with spare
engine H7074 because teflon pieces were found in the LOX system during 
poststatic test. Investigations indicated that neither the engine nor the 
stage use this type of n1aterial. Also, no possible external source 
could be suggested by the engine and stage contractors. 

4. Engine on S-IB-8 Stage Replaced

Engine H4078 on position No. G was replaced with engine
H407 l after the short static test because of turbine blade damage. The 
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damage possibly resulted from entrance of a foreign object, although 
other failure modes (such as blade cracking) cannot be ruled out at this 
time. 

B. S-IB/S-II Retro and S-IVB Ullage Motor Programs

The short burn time of the retro motor on SA-202 was caused
by a 1

1 burn-through 11 of the motor case. An ECP is being prepared 
describing the changes to the motor that are required to prevent this 
malfunction. 

C.  S-IB-� Stage Successfully Static Tested at MSFC 

Test duration was 35 seconds. All stage systems performed 
satisfactorily with the exception of one engine. Engine No. 6 (H-4078) 
performed at a sea level thrust of 185. 9 K. An inspection of the turbine 
revealed that 25 percent of the blades on the first stage were knocked out, 
and the second stage blades were badly dented. This engine was removed 
and replaced with a spare. The next test is scheduled for a duration of 
143 seconds. 

II. S-IVB Stage

A. S-IVB-204 LHz Pump Meets Inlet Total Pressure Requirements

Predicted data previously showed an NPSH problem at 300
seconds of burn time. A review of the pump inlet requirements showed 
that the suction line b,.p is expected to be less than the predicted 1. 69 
psi, that the pressure switch lower limit is 27 psi instead of 26. 5 psi, 
and that the probability of the tank pressure being at the lower limit of 
the pressure switch setting is remote. 

B. Qualification Status of S-IVB Propulsion Components

Seventeen additional propulsion components have fulfilled the
require1nents of mandatory testing relative to the launch of S-IVB-204. 
There are now only four components that must pass mandatory qualifica­
tion for the 204 launch. 

C. Orbital Workshop Thermal Control

Studies to establish the adequacy of the passive control con­
cept have continued. 
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1. Number of Fans for the lb-compartment Liner - The
number of fans is contingent upon that necessary to establish an accepta­
ble film coefficient and to flow sufficient air for energy rejection 
requirements. Studies show eight Apollo Post Lunar Landing ventilation 
fans are sufficient to satisfy film coefficient needs. 

2. Moisture Condep.sation on Wall - With the no spin
orientation restraints necessary for clu·stered OWS, portions of the inter­
nal wall will be below the dew point at the minimum relative humidity of 
30 percent. Preliminary studies indicate that sufficient 1

1drying 11 of the 
atmosphere will occur to reduce the relative humidity of the atmosphere 
below the minimum _of 30 percent. This problem is being investigated. 

3. Meteoroid Shield Effect on Thermal Control - Preliminary
studies show that the addition of a meteoroid shield can have little effect 
on the thermal control concept. This conclusion applies to meteoroid 
shields consisting of an aluminum skin without or with very little insulat­
ing material. Thicker layers of insulation affect this conclusion and 
demonstrate the need for a coordinated structural/thermal design. 

I. S- IC Stage

A. F - 1 Engine

SATURN V 

1. R & D Engine Tests at EFL

seconds. 
more). 

Six tests were conducted for a total duration of 781. 4
Four of these tests were for full duration (150 seconds or 

All the tests were successful. 

2. Production Engine Tests at EFL

Three tests were successfully 
duration of 261. 1 seconds were accumulated. 
duration ( 150 seconds or more). 

conducted, and a total 
One test was for full 

3. Engine Performance Analysis of S-IC-3 Test

Analysis of test data indicates that the performance of all
the engines was satisfactory. Engine F-4024, which was found to be 
contaminated during the pre-test preparations, was replaced with engine 
F•-4027 before the test. 
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B. LOX Tank Center Engine Riser Line Extension ,

Vortex Study Results

The results of an investigation of the draining characteristics
of the proposed S-IC LOX tank riser line extension indicated there are 
no surface distortions. Model flow rates, determined from Froude 
number simulation, were increased by 50 percent for the flow tests. It 
was recommended that no change in the height of the cross-baffles be 
made if the riser line is extended as proposed. 

C. Redesign of Forward Skirt Compartment Hardware to New
Prelaunch Environment Proposed

The proposal provides for modification (orifice change and
manifold insulation) of the canister environmental control system; addi­
tion of heater blankets to measurements that exceed qualification tem­
peratures, requalification of various equipment, and modification of 

temperature sensor ranges as necessary. All the modifications were 
approved with the exception of the increased temperature range of the 
canister transducers since the current range is below allowable equip­
ment operating temperature. The addition of the heater blankets was 
approved contingent upon the 1neasurement need and effect upon 
accuracy of the low ten1perature. 

D. Revised S-IC-501 Flight Prediction

A revised final S-IC-501 flight prediction was 
to revised trajectory data and other revised input data. 
should be available within two weeks. 

necessary due 
The data tape 

E. Preliminary S-IC-502 flight prediction data tape was verified,
The 18 dispersion cases were completed but have not been verified. 

F. Evaluation of S-IC Filter Elements

Construction on the test set up for the dirt holding capacity
test was completed. Filtration efficiency tests of one element from 
each to the six vendors was completed. A media migration test was 
run on one element, but because of the wear observed in the filter mani­
fold after vibration, it was impossible to determine whether the metallic 
particles came from the filter or the filter manifold. The filter manifold 
is being investigated further. 
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G. Status of Propulsion Component Qualification

All components are now qualified. The 10-inch LOX vent and 
relief valve is the only remaining item of concern. Because of its past 
qualification failure history, the S-IC Stage Project Office (I-V-S-IC) 
was requested to consider using the backup valve as soon as the schedule 
permits. 

II. S-II Stage

A. J -2 Engine Tests at AEDC

Two test series were conducted, each with several objectives. 
The fir st test series consisted of a successful 5-second test firing 
employing a one-second fuel lead. The test was followed by a 30-second 
duration test employing a 4. 5- second fuel lead after 90 minutes simulated 
coast period. This was the fir st hot firing test at AEDC with an extended 
fuel lead. 

The second test series consisted of a 40-se·cond test firing 
employing a one- second fuel lead. This test was followed by a simulated 
Saturn V restart with the thrust chamber at ambient temperature and 
employing a fuel lead of 8 seconds after a 90-minute simulated coast. 
The test was terminated by the GG over-temperature device at 0. 93 
seconds after STDV open. Indications are that, an 8. 0-second fuel lead 
may be too long for a restart. The investigation is continuing. 

B. Battleship Test - LOX Recirculation System

Testing of the S-II LOX recirculation system indicated that 
the Engine Compartment Control System (ECCS) provides excessive 
turbulence in the engine compartment area, and that the LOX recircula­
tion system will not perform properly as designed. J-2 LOX system 
insulation and/or redesign of the ECCS are required. Tests indicate 
that a r e-orificed ECCS, LOX system insulation and in-flight helium 
injection in the LOX recirculation return lines will provide proper 
LOX conditions for engine engine start. These modifications are being 
proposed for S-II-1. Tests using an ECCS distribution manifold external. 
to the thrust cone indicate that the required engine insulation would be 
less than for the above configuration, but thrust cone insulation would 
be required. 

C. J-2 Start Tank

Slight leakage is still occurring from seals on the tank. A 
helium leak detector was used to pinpoint the actual leakage areas. 
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Polyurethane was applied to the seals, and further leakage checks are 
scheduled. 

D. Status o(Unqualified Propulsion Components

1. Calmec LOX Vent Valves - The LOX qual valves completed
acceptance, Phase A&B vibration, high temperature and salt spray test­
ing. Remaining tests to be made are low temperature, sand and dust, 
salt spray, shock, and cycling. The phase A&B vibration results were 
not conclusive enough for 100 percent qualification status (high leakage 
and crack problems were experience� irregularly). These problems 
may be due to test set up conditions. It was recommended that the 
phase C random vibration program,,which is scheduled for 72 minutes in 
each axis, be modified. 

2. Calmec LH2 Vent Valves - The LH2 qual valves completed
acceptance and Phase A&B vibration testing. Remaining tests to be made 
are cycling, high temperature, low temperature, internal and external 
GHz leakage,,humidity, and acceleration. 

E. Verification Testing of S-II Accumulator Reservoir
Manifold Assembly (ARMA)

The filter test, proof pressure test and a portion of the 
functional test have been completed satisfactorily. Work is continuing 
on the test program. 

F. RS-U-601 Ullage Motors

Of the 16 motors cast four motors were rejected due to voids 
within the propellant grain. The voids were caused by the leakage of 
air through the aft insulation strip into the motor during the vacuum 
casting operations. The tooling modifications have to date been ineffec­
tive. The qualification program completion date is now scheduled for 
February 12, 1967. The stage contractor has proposed that the ullage 
motors be x-rayed prior to installation on the S-II stage at KSC. 

G. RS-U-602 Ullage Motors

Five RS-U-602 ullage motors were cast. These motors have 
subsequently been x-rayed and found to be acceptable for the RS-U-602 
PFR T program. The PFR T program is scheduled for completion in 
early December. The stage contractor does not recommend the 
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conhnuat:i.on of the RS- U-602 program into qualification. The stage 
contractor has presented the results of a study to determine the minimum 
acceleration levels required for S-II stage engine ignition and propellant 
settling. The study indicates that no ullage motors are required for fir st 
and second stage separations above 17 5, 000 feet. A final decision on the 
proposed deletion of the S-II stage ullage motors is expected late this 
year. In the meantime, work will continue through RS-U-601 qualifica­
tion and delivery of motors to KSC for S-II-501 assembly. 

III. S-IVB Stage

A. C-1 Engine (APS) Tests at Reaction Motors

The C-1 engine was started 63, 325 times and accumulated a 
total firing time of 13, 224 seconds. The program overall totals are now 
264, 175 starts with an accumulated hot firing time of 98, 240 seconds. 
Reaction Motors is presently performing durability tests on the Block I 
engines in demonstration of the 2000 second life requirement. The results 
of these tests thus far are satisfactory. The burst test on the moog 
bipropellant valve was successfully completed using three specimens. 

B. Auxiliary Propulsion System (APS)

An analog model was developed to simulate the Saturn V / 
S-IVB APS oxidizer feed system and evaluate various pressure oscilla­
tion damping devices. A two-directional gas pressurized bellows type
accumulator was designed using various configuration parameters on the
analog computer to measure the effects on the overall oxidizer feed sys­
tem performance. The new design accumulator eliminates pressure
oscillations due to valve opening and closing as simulated by the analog
computer. Hardware verification tests are scheduled for the fir st
quarter 1967.

C. LH2 Tank Heat Leak

As a result of continued evaluation of the AS-203/S-IVB stage
flight data, it was determined that helium and/or GN2 predominantly
influences the S-IVB stage LH2 tank insulation thermal conductivity, and
the LH2 wetted area is increased due to the low-g acceleration. Pre­
liminary evaluation indicates the total heat inputs to the LH2 to be 
approximately 30 percent higher (� 1000 lb additional boiloff for 4 l /2 
hour orbit) than the maximum orbital heating values currently being used. 
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D. Vibration Testing of S-IVB Accumulator Reservoir
Assembly (ARA)

The S-IVB ARA was subjected to a vibration test to evaluate 
the design of the vent tube. A small accelerometer was mounted inside 
the end of the vent tube to measure g-levels developed by the tube. Dur­
ing the sinusoidal sweep, high vent tube g-levels (up to 370 g's) were 
measured at several frequencies, but the vent tube completed the vibrat­
ing test without failure. 

E. Battleship Test Reported

During the Battleship test firing, the number one fuel depletion 
sensor malfunctioned at the end of the replenish cycle and remained 
inoperative for the remainder of the firing. All other depletion sensors 
functioned properly throughout the loading and firing. The depletion 
sensor malfunctions appear to have been caused by over size sockets in 
the vehicle feed-thru connectors. All S-IVB stages will be reworked to 
insure that no over size sockets exist in the electrical feed-thru connectors. 
This solution to the depletion sensor problem is currently under study, and 
at least one successful static firing is mandatory to verify the fix. 

F. Thrust Chamber Chill and Hold Duration

Current launch ground rules £or the S-IVB/Saturn IB limit the 
J- 2 engine thrust charnber chill duration to a total of 20 minutes. The
basis for this limit is concern about excessive component and subsystem
cooling for longer chilldown periods. Present launch countdown sequences
provide for thrust chamber chilldown initiation at T-15 minutes. Consis­
tent with the 20-minute chill time limit, the present sequence only allows
a 5-minute hold capability during chilldown. To prevent this limit from
inpacting the launch, it is recommended that the thrust chamber chill­
down be started at T-10 minutes. This can be accomplished by increas­
ing supply flow rate for a more rapid chilldown and will provide a maxi­
mum of 10 minutes hold once this operation is started. This relaxation
on hold periods applies to both Saturn IB and Saturn V. The stage con­
tractor was directed to evaluate this recommendation and to submit a
feasibility report on the sequence change.

G. Oz/Hz Burner Stage Acceptance Firing Test Requirements

The S-IVB- 503 stage acceptance firing test plans, the propel­
lant loading and PMR profiles, and the detailed o

2
/H

2 
burner acceptance 
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firing test requirements (the present flight sequence of operations for the 
burner) were reviewed. Successful operation of the burner on each stage 
during acceptance firing is mandatory, and a detailed definition of the 
requirements for successful operation of the burner on each stage has 
been defined. 

H. Instrumentation Requirements for Synchronous Orbit Missions
During Hohmann Transfer

Propulsion instrumentation requirements for monitoring dur­
ing the synchronous orbit Hohmann transfer were determined. The 
requirements tabulated the S-IVB stage and Instrument Unit instrumenta­
tion, present operational telemetry system sampling rates, and the 
minimum allowable sampling rates. 

I. Component Qualification Te st Program

1. Design evaluation and qualification - Of two hundred and
thirty-three components scheduled for DE/Q testing, testing is complete 
on two hundred and two. Review of DE/Q test reports was completed 
on forty- six components. 

2. Formal Qualification - Thirty-one corn.ponents are
scheduled for formal qualification testing. Testing is complete on 13 
co1-r1ponents. Thirteen components are presently undergoing tests. 
Five components are being held for engineering modification or part 
purchase. 

IV. Instrument Unit

A. Instrument Unit - Cold Plate Heater Te st

Results of this test were published for two insulation schemes, 
a heater element with phenolic block insulation and a bare heater element 
shielded with an alum.inurn cover. The heat input to the heater element 
was 140 watts for both heater configurations. The heat gained by the cold 
plate Methanol/Water (M/W) for the insulated heater was approximately 
60 watts for a cold test and 120 watts for a hot test. For the bare heater, 
the heat gained by the M/W was approximately 10 watts higher for either 
test. It was concluded from the tests that either heater configuration 
could be used, but to obtain maximum gain, the entire cold plate on which 
heaters are mounted should be shielded with a highly reflective material. 
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B. Cold Plate/IU Skin Thern,al Resistance Tests

One test was conducted to determine the heat leakage and
thern1al resistance between the cold plate and IU skin. Results of the 
test indicate a possible malfunction with the skin heater. The test was 
temporarily discontinued to repair leaks in the vacuum chamber. 

C. Beryllium Cold Plates

Testing was completed. Since one of the cold plates was 
damaged near the mounting holes on the structural side prior to testing, 
the vibr.ation test was omitted. Test data indicates that the pressure 
drop was extremely excessive; for a flow rate of 100 lb/hr, the pres­
sure drop was 19 psi as compared to 6 psi at 200 lb/hr for the AVCO 
plate. 

SPECIAL STUDIES 

I. Project Thermo

Condensing Heat Transfer Experiment (MSFC No. 20) 

The program is on schedule; the analytical and preliminary 
design and evaluation studies were completed. Present effort is 
directed toward the detail system design. The condensing test section 
will consist of three straight quartz tubes, which are capable of single 
and multiple tube operation, one tapered glass tube, and one straight 
steel tube that will be instrumented along its length so that local pres­
sure drop and heat transfer data can be obtained. The contractor is 
presently determining astronaut participation requirements for the 
experiment. 

II. Apollo Tele scope Mount (A TM)

Studies of active and passive thermal conditioning systems were
delayed by the decision to incorporate the A TM into the Cluster, requir­
ing modification of existing thermal models. 

III. Nuclear Ground Test Module (NGTM)

A preliminary study of the nuclear stage weight penalty resulting
from using a non-zero NPSH pump was completed. The advantage of 
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utilizing a non-zero design requirement are maximum use of Saturn 
components, and development of the 36.,,.inch PSOV and the low speed 
inducer are not required. A decision to forego development of the 
large PSOV and low speed inducer would decrease the engine develop­
rn.ent time and decrease the cost. 

IV. High-Perforn�ance Insulation

A. ADL Calorimeter Testing - The ADL 30-inch diameter
calorimeter was insulated with 48 layers of NRC insulation, installed 
in the vacuum chamber and instrumented for cryogenic testing. A 
base line heat leak will be established and subsequent testing of penetra­
tion heat leaks pursued. 

B. Vacuum Chamber Modification - Rapid ascent equipment is
being obtained for the l 5-foot diameter vacuum facility that will be used 
to simulate a Saturn pressure decay rate for the first 100 seconds. The 
installation of the main connecting line and one accumulator tank will 
complete this facility. 

V. Study of Electronic Packages1 Environmental Control Systems�and
Vehicle Thermal Systems Integration

The study objective ·is to establish the optimum environmental 
control concepts for thermally conditioning individual electronic pack­
ag�s for missions of durations varying from 4 1 /2 hours to 180 days. 
Heat load profiles and astrionic equipment thermal design and expendable 
cooling methods were studied. Other parametric studies included the 
application of thermoelectric cooling, utilization of H2 boiloff, and space
radiator design and analysis. Based on the analyses, it appears that use 
of H2 boiloff is feasible, and that appreciable weight savings are possible
by use of a hydrogen-gas-fluid cooler and a space radiator. 

VI. 110 Second Failure Analysis

An approximate 1/4 scale model of the F-1 engine feed system at 
Edwards AFB was built to determine the cause of the turbo-pump failures 
at 110 seconds. Six tests were conducted using procedures similar to 
those at Edwards AFB. Results of these tests are being evaluated. 

VIL Spin Cooler 

A new experimental apparatus was built to more accurately test 
the spin cooler for cryogens, which uses a variable area cavitating 
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venturi for flow control. A complete set of data were gathered. 
Additionally, an air ejector was built and calibrated to give a lower 
receiver pressure for the spin cooler. 

VIII. Solid Propellant Motor Malfunction Detection and Combustion
Termination System

The sixth quench verification test (QV-6) was performed using the
Mod-4 version of the water injector. The injector was modified by 

· drilling additional holes in the row 6 plenum and make the slide valve
cylinder shorter to permit row 1 to reopen at the end of the injector
sweep cycle. These changes were made to direct additional water at
the entire grain surface to keep it cool after the initial sweep had
extinguished the motor. For test QV-6, the quench system was actuated
at ignition plus O. 493 seconds, at which time the chamber pressure was
reduced to zero immediately. However, shortly after 3. 0 seconds the
pressure began to rise gradually and the motor came up to full thrust.
Detailed analysis of the data indicate that mechanical problems with
the quench system occurred, and the injector ball did not travel the full
distance, thus water never reached the plenum of row 6 and a sweep of
the total grain surface was never accomplished. In addition, secondary
water coverage of the quenched grain was not accomplished because row
1 did not reopen. The data obtained from the six quench verification
tests and the design of the quench system, which has had mechanical
problems throughout the test series, will be reviewed.

ADVANCED PROPULSION AND TECHNOLOGY 

Systems and Dynamics Investigation 

Fabrication of the first tube wall thrust chamber is continuing. 
All stainless steel tubes are on hand with 50 percent completed through 
the final forming. The injector is being assembled for the furnace braze 
operation. Nickel tubes for the second tube wall chamber are on order. 

�H. G. PAUL 
Chief, Propulsion Division 
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