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ABSTRACT

The Nerrative FEnd Ttem Report {NEIR) conteined herein is a marrative swmary
of the McDonnell Douglas Astronautics Company, Western Division (MDAC-WD),
Sacramento Test Center test records relstive to the Ssturn S-IVB-506N Flight

Stage (P/N 1A39300-511, S/N 1011).

Narrations are included on those conditions related to permanent nonconform-
snces which were generated during the manufacturing cycle and existed at
the time of the Sacramento Test Center (STC) acceptance testing. The report
sets forth data pertinent to total time or ecyele accumuletion on time or
cycle significant items, Data relative to variations in £light critical
components are also included, There is no provision to update or revise the

NEIR after the initial release,

Descriptors
NEIR 3tage Checkout
Documentation Prefire, Abbreviated
. Postfire, and Deferred
Configuraticn Postfire

Significant Items

ifii



PREFACE

This Narrative End Ttem Report is prepared by the Reliability Assurance
Directorate of the McDomnell Douglas Astronautics Company, Western Division,
for the National Aeronautiecs and Space Administration under Contraect NAST-101.
fhis report is presented in response to requirements of NPC 200-2, parsgraph
14,2,k, and is issued in accordance with MSFC-DRL-021, Contract Data
Reguirements, which details the contract date required from the MDAC-WD. The
report summarizes the period from the initial stage acceptance testing at the

MDAC-WD Sacramento Test Center, Rancho Cordova, California, through turnover

to the MDAC Florida Test Center, Cape Kennedy, Florida.

The previous period of shage acceptance testing at the MDAC-WD Space Systems
Center, Huntington Beach, California, and transfer to the MDAC-WD Sacramento
Test Center, was covered by Narrative End Item Report, Saturn S-IVB-506N,

Douglas Report DAC-56622, dated February 1968.
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1.0 INTRODUCTION

1.1 Scope

The NETR compiles guality evidence and assessments of a partlcular end item

for use in evaluating program objectives and end item usage., This report

rarrates upon the Saturn S-IVB Stage, and discusses the following:

a.

b.

Configuration at turnover for shipment to the Florida Test
Center, Cape Kennedy, Florida.

Replacements made during Sacramenbo Test Center (STC) test and
acceptance checkout, ineluding serial number of articles re-
moved or substituted.

Rature of problems and malfunctions encountered,

Corrective action taken or pending.

Extent of retests or tests not completed.

Totel opersting hours or cycles for esch time or cycle signifi-
cant item.

1.2 Format

This document is organized into sections, with each section fulfilling a speci.

fic purpose, The title of each section and a brief ocutline of its purpose

follow:

SECTION:

1. INTRODUCTICON, This section discusses the scope of the NEIR,
the Stege Design Concept, Documentation, and Turnover Data.

2., NARRATIVE SUMMARY, A brief discussion of the principle test
areas is presented to give menagement personnel a concise view
of successful test schievement, and remaining areas of concera.

3. STAGE CONFIGURATION, Conformance to engineering design and
data on time/cyecle significant items.,

L, RARRATIVE. A presentation of checkout operations presented in

The chronological order of testing., Failure and Rejection Re-
ports (FARR's) are referenced as applicable for each paragraph.



1.2 (Continued)
APPENDICES:

I Testing Sequence

Graphlc presentation of the order and activity dates of the
checkout procedures.,

1T Tonconformence Tables

a. Table T, A campilation of FARR's initiated during pre-
Tire checkout.

b. Table II. A compilation of FARR's initiated during
countdown and abbreviated postfire checkout.

C. Table ITI. A compilation of FARR's initiated during
deferred postfire checkout.

Iix Flight Critical Items

The flight eritical items (FCI's) installed on the stage at
the time of turnover tvo NASA/STC for shipment to FTC.

1.2 Stage Functional Description

-

A detailed system analysis is beyond the scope of this report. The "S-IVB
Stage End Item Test Plan,” 1B6668L, contains a description of each operstional
system and includes a listing of test procedures with the cbjective and pre-
requisite of each test., The stege is primerily a booster stage consistiag of
propellant tanks, Teed, lines, electrical and pneumatic power for operation of
stage systems, and such systems as are required for checkout purposes, Tuel
loading and unloading control, In-flight control and pressurization, and data

megsurenent during these operations,



1.4 Documentation

Manufacturing snd test records for this stage include Fabrication Orders (FO*s),
Assembly Outlines (A0's), Inspection Ttem Sheets (IIS's), Failure and Rejection
Reports (FARR's), Serial Engineering Orders (SEO's), Radiographic Inspection
Records, Vehicle Checkout Laboratory (VCL) test data, and vendor data, FO's
and AQ's record in sequence all manufacturing processes, procedures, and
GQuality Control inspection activities. Any problem or discrepancy noted by
Inspection and Test persomnel is recorded on an ITS for corrective action.

Any discrepancy from a drawing requirement is recorded on a FARR by Inspec-
tion and Test personnel. The FARR is also used to record the Materizl Review
Board {MRB) disposition appliceble to the discrepancy. SEO's may be written
to define the rework required by a FARR, to change the effectivivy of a draw-
ing, or to change other drawing requirements. Radlographic Ingpection Records
and X-ray photographs of all weld seams are mainbained on Tile by the con-
tractor, All original data’ is retained in the contractor's Reliability
Acsurance Directorate Centrsl Data Files. Vendor technical data is received
on Tunctional purchased parts apd also retained in Central Data Files., The
majority of the documentation referenced within this report is included in the

log book which accompanies the stage.

1.5 Turnover

Turnover of the stage was made on 16 January 1969, at the MDAC-WD Sacramento
Test Center. Final acceptance was made b& the Air Force Quality Assurance
Division Representetive, by DD250 (packing sheet No, SM-327-9). Two letters:
A3-131-5.4.3,18-1-121, dated 10 January 1969; and Ak5-870-L-002, dated 16

January 1969; from the MDAC-WD management to the NASA Resident Mansger at STC,



1.5 (Continued)

submitted the documentation necessary to effect turnover. Copies of these
letters\and the accompanying documentation is included in the stage log book.
Acceptance of the Auxiliary Propulsion Modules was effected. on separate DD250's,

and were noted as shortage i1tems on the stage DD2S0.
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2.0 NARRATIVE SUMMARY

The following paragraphs present a narrative summary of stage checkout of the
S.IVB-506N stage. Stage prefire tests, abbreviated postfire, and deferred
postfire tests conducted at the Sacramento Test Center (STC) ere swmarized
in paragraphs 2.1, 2,2, and 2.3 respectively. The Final Inspection, Weight
and Balance, and Preshipment Preparations are sumarized in peragraphs 2.k,
2,5, and 2.6 respectively. More detailed narrations on these tests and opera-

tions are presented in section 4,

Paragraph 2.7 summarizes any tests that were invalidated or not completed
prior to stage transfer, and any retesting thet will be required. Paragraph
2.8 summarizes the incomplete failure and rejection reports that were trans-

ferred open at the time of stage transfer from STC to MSFC/FTC.

2.1 Stege Prefire Acceptance Tests

The S-IVB stage acceptance test program, conducted at the Sacramento Test
Center (STC), verified the functional capabilities of the stage systems, at
sea level conditions, during static acceptance firing. The stage acceptance
firing plen, 1BTIT75 B, delineated the genersl philosophies of the STC test
programs, Test request 1316 authorized the acceptance firing and delineated
the test objectives and requirements, The stage prefire checkouts were
designed to ensure a condition of readiness for the stage, faeility, and GSE

to conduct a successful static acceptance firing program.

The stage was received at the STC on 25 January 1968. The prefire checkouts

began on 26 January 1968, and were concluded on 9 July 1968. Twenty-four



2.1 (Continued)
procedures were exercised to ensure the functional capabilities of the stage.

Detailed narrations on the prefire checkouts are presemted in paragraph 4.1,

Prefire checkouts began with the prefire structural inspection, which resulted

in the initiation of two FARR's. There were three revisions to the procedure.

The forward skirt thermoconditioning system checkout, the umbilical interface
compatibilily check, and the APS interface compatibility check vere success-
Lully conducted without generating any FARR's. However, a total of three
revisions were written against these procedures. Three revisions were written
during the umbilicsl interface compatibility checks, while none were writien
during the APS interface compatibility check or the forward skirt thermo-

conditioning system check.

Pover wes applied to the stage for the first time on 14 March 1968, with the
inliiation of the stage power setup procedure. Three issues were required.
The first two issues, on 1 March and 19 March 1968, were not acceptable due
to numerous melfunction printouts. These malfunction printouts were caused
by the removal of several talkback comnectors for stage modifications and
errors in the paper tape. The third attempt, on 9 Aérll 1966, was acceptable.
No FARR's were written; however, fourteen revisions were written to the pro-
cedure. The stage power turnoff procedure was successfully demonstrated on
20 March 1968, with the second issue. The first issue was unsuccessful due
to several malfunctions occurring during initial condition scan as the valves
associated w%th the parsmeters checked were not insitalled., One FARR was

initiated and twelve revisions were made to the procedure.



2.1 (Continued)

The povwer distribution system test was conducted twice during prefire opera-
tions on 19 Merch snd 15 May 1968. The first atbempt was unecceptable due to
the LOX chilidown inverter phase voltage being oub-of-tolerance. No FARR's
were written, but a total of eighteen revisions were recorded in bhoth issues

of the procedure,

The level sensor and conbtrol unit calibration checkout was initally accom-
plished on 22 March 1968; however, due to the replacement of the Liiy probe
and rework of the LOX probe, reverification by a second and third issue was
required on 1kt May 1968, and 20 June 1968, respectively., No major problems
were encountered during the tests, nor were any FARR's written. There were

eighteen revisions mede to the three issues.

The common bulkhead vacuumm system checkout and the stage and GSE manual con-
trols check were successfully demonsirated without generating any FARR's,
Eight revisions were written against the common bulkhead vacuum checkout while

the stage and GSE manual controls check regquired fourteen revisions,

The cryocgenic tempersture sensor verification was successfully accomplished
on 26 March 1968, and accepted on T May 1968, A second issue was performed on
13 Mey 1968, after the fuel mass probe had been reworked in accordance with
WRO 4183. Subsequent to the LOX tank feedthrough inspection per WRO 4373, a
third issue was accomplished on 21 June 1968, Three revisions were made to

the checkout,

The hydraulic system setup and operation checkout was initiated on 27 March

1968, and completed on 10 July 1968. One problem was encountered during the



2,1 (Continued)
procedure. FARR A261833 reported that hydreulic fluid was noted on the pitch
actuetor, and authorized 1ts removal and replacement. The procedure required

eighteen revisions.

Two issues of the digital deta ascquisition system calibration were reguired
to satisfactorily complete prefire calibration of the digitai data acguisi-
tion system, Issue one consisted of two test attempts with the first being
initiated on 28 March 1968, after investigation of test melfunctions, attempt
one was 1nterrupted to rework the remote digital submultiplexer Tor connector
and pin damage per FARR A261830. The malfunctions were attributed to incom-
plete electrical installation and improper adjusiment of the fluke voltmeter.

Problems documented by FARR's were limited to the remote digital submulti-

plexer rework on FARR A261830., Fourteen revislons were made to the procedure,

Preliminery propulsion leak and functionsl checks were successfully completed
after the incorporation of ninety-seven revisions. Three FARR's were generated

as a result of this checkout,

The FBW system checkout, the range safety system check, the telemevry and
range safely antemna system checkout, and the APS check were successfully
demonstrated without generating any FARR's. Fifteen revisions were writien
ageinst the EBW system procedure, five revisions were made to the range safety
system checkout, three revisions were written to the telemetry and range

safety system procedure, and five revisions were written to the APS procedure.

The propellant wtilization sytem calibration required two issues. The Tirst

issue was not acceptable as the propellant utilization electronics assembly



2.1 (Continued)
Tailed to pass the LH, linearity test and was removed and repaired on FARR
A270685, The second issue was accomplished on 24 May 1968, and required four-

teen revisions,

Three tests were required to satisfactorily complete the prefire auto?atic
checkout of the propellant utilization system., The initial test was satis-
factorily complebed on 27 May 1968. Temporary removal of the LOX mass probe
for feedthrough connector inspection necessitated a second test on 2L June
1968, An investigation of radio frequency interference during prefire opera-

tions resulted in a third and final test to reverify the system on 26 June

1968. One FARR was initiated and ten revisions were written in the procedure.

Three tests utilizing two issues of the automatic propulsion system test were
conducted to verify prefire operational capability of the propulsion systen.
The first issue was used for two tests on 5 June and 7 June 1968, The initial
test was terminsted due o the inability of the program to perform the pressure
set routine for the stage 6 helium regulator of the GSE console "A." Test
attempt twe was not emtirely successful, The LOX tank ground fill pressure
switch pickup pressure was ocut-of-tolerance due to an incorrect pressure
transducer calibratibn entered into the program, In addition, an indication
of failure to open for the 0oy burner LOX propellant valve wes attributed to
incomplete wiring of the LOX propellant valve ground backup solenoid. These
malfunctions, plus hardware changes after attempt two, necessitated repeating

the propulsion systems test per issue two. This final test was successfully



2.1 (Continued)
accomplished on 22 June 1968, To FARR's were written as a result of thas

checkout; however, thirty-eight revisions were recorded in the second issue.

Three tests were conducted to successfully demonstrate the proper operational
status of the digital data acquisition system. Test attempt one was conducted
on 10 Jure 1968, Three channel malfunctions reported and corrected on two
FARR's necessitated a second test attempt. The second test was successiul
with the exception of channel D231 mslfunctions which were corrected per the
disgposition on FARR 500-225-.530. The third test was conducted to check channel
D231 only. No further problems were encountered, Fifteen revisions were made

to the procedure.

The final prefire propulsion system leak check was successfully conducted
writhout encountering any major problems that resulied in the generation of
FARR's. It was necessary, however, to write sixty-eight revisions to the

procedure.

The integrated system test was initiated on 22 June 1968. A second issue was
regulred due to replacement of the Oplp burner ignitors and was initizted on
2 July 1968, No FARR's were written and & total of sixty-nine revisions were

made to the procedure,

The simulated cold flow test was accomplished on 28 and 29 June 1968, The
test was conducted per test request 1316 and was designated as countdown
614106. Countdown for the simulated static Tiring test was initiated on 3
July 1968. A 2h-hour hold was effectved on b July 1968, and the test was

resumed on 5 July 1968.

10



2.1 (Continued)
The cold flow test was accomplished on 11 July 1968. The two day test was
initiated on 10 July 1968, and was conducted per test request 1316 and desig-

nated as countdown 614108,

The acceptance firing test designated countdown 614109 was initiated on 16
July 1968, and was terminated after 45,2 seconds of successful mainstage
operation. A detailed narrative of the acceptance firing 1s delineated in

Douglas Report DAC 61229, dated August 1968,

2.2 "8tage Postfire Checkout

Contract Change Order 1879 delineated an abbreviated postfire checkout in
lieu of the checkout required by paragraph 5.5.2.% of SM k1412, General Test
Plan, The following is a brief recap of the abbreviated postfire checkouts

accomplished per test request 1316 on Test Stand Beta ITT.

The abbreéviated postfire checkout, following completion of acceptance firing,

was inltlated on 9 July 1968, with the performence of the postfire structural

Inepection., FARR 500-372-109 reported that paint was peeling from the forward
shirt exterior. No other problem areas were noted and six revisions were

written to the procedure.

The propulsion system leak check was conducted from 18 July through 31 July
1968, to determine leakage which could have resulted from the stage accept-
ance firing. The cold helium dump module was removed and replaced on FARR

500-3T2-079 for excessive internal leeskage. FARR 500-225-G30 removed and

11



2.2 {Continued)
replaced & defective vacuum probe in the lower IHs low pressure duct. No
unacceptable leaskages were detected. Twenty-three revisions were recorded

in the procedure.

The stage power setup and the sbtage power tornoff procedures were successiully
completed with no problems that resulted in the initiation of FARR's; however,
tventy-two revisions were recorded in the stage power sevup procedure, while

the stage power turnoff required two revisions.

The integrated systems test was initiated on 19 July 1968, and accepted on
26 July 1968. Two problems were encountered, FARR 500-372-176 removed and
replaced a defectlve LH, feedthrough contact and sleeve assembly, and FARR
500-372-133 reported that the D209 transducer was shorted and operating out-
of-tolerance, The transducer was removed and replaced., All other problem

areas were resolved dy the thirty-nine revisions recorded in the procedure.

The postfire operation and securing procedure for the hydraulics system iras
conducted on 2k July 1968, t0 secure the system and prepare it for shipment
to the VCL. There were no problem areaes resulting in FARR documenvation;

however, six revisions were made to the procedure.

The postlire propeliant utilization system test was performed as a part of
an evaluation to determine how radiated radio frequency (RF) energy was
affecting PU system telemetry measurements, The test was conducted on 26
July 1968, No problems were noted and no FARR's were initiated as a result

of this test; however, thirteen revisions were recorded in the procedure.

12



2.2 {Continued)

The final prestorage postfire procedure conducted was the forward skirt thermo-
corditioning system checkout. This prepared the thermoconditioning system for
shipment to the VCL for storage preperations. No FARR's were initiated, but

four revisions were recorded.

The stage was removed from the test stand on 1 August 1968, and transferred

to the VCL for storage preparations.

2.3 Deferred Postfire Acceptance Tests

The stage was removed from the VCI: and instelled in Test Stand Beta IIT on

23 November 1968, for continued modifications and preparatiopns for the de-
ferred postfire checkouts., The first checkout of the stage system on Beta TIT
started on 25 November 1968, and was completed on 3 January 1969. Twenty-
eight H&CO's involving the stage systems were performed during these check-
ouls; however, several of these H&CO's required more than one issue and are
combined within one nerration, Detailed narrations on the deferred postiire

checkouts are presented in paragraph 4.3.

The deferred postfire checkouts began with the checkout of the forward skirt
thermoconditioning system (TCS) on 25 November 1968. This procedure func-
tionally checked the TCS to prepare it for operation and to verify that the
system was capasble of supporting stage deferred postfire operations. There
were no discrepancies recorded ageinst the TCS., One revision was written to

updete the procedure.
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2.3 (Continued) K NOT FIiLMED

The diglbtal date acquisition system test required three atiempis. The first
snd second attempts were unsatisfactory due to numerous malfunction indica-
tions. The third sttempt was successfully accomplished on 19 December 1968,

Tineteen revisions were required to complete the checkoub,

The level sensor and conbtrol unit calibration wes accomplished with the in-
clusion of one revision. FARR 500-607-599 reported that the LHo point level
sensor number 4 amplifier would not adjust., The amplifier was removed and

replaced.

Resistance and continuity checks of the internal fuel tank temperature transw
ducers were conducted by two issues of the cryogenic temperature sensor veri-
Tication procedure. The first issue, conducted between 6 December and 12
December 1968, was accepted on 16 December 1968. A second issue, accomplished
and accepted on 10 January 1969, was required due to entry into the LH, tank

#or structural inspection. No FARR's were written durinz this checkout.

The digital data acquisition system calibration, the structural inspection,
the exploding bridgewire system checkout, the auxiliery propulsion system
(APS) checkout, and the APS automatic test were satisfactorily completed with
no FARR's being written. The digital data acquisition system calibration
required four revisions while the structural inspection required five, and the
exploding bridgewire system check required one revision., The APS checkout and

the APS automatic test reguired seven revisions, and six revisions, respectively.

The propellant utilization system calibration was accomplished twice during

the deferred postflre checkouts. The first issue was accomplished on

15



2.3 (Continued)}

12 December and 13 December 1968. The replacement of the propellant utili-

zatlon electronics assembly required a second issue, which was performed on

19 December 1968, There were no FARR's and no revisions written during this

checkout,

The propellant ubilization system aubtomatic test was issued twice., The initial
test was satisfactorily conducted on 11 December 1968, Due to replacement of
the propellant utilization electronics assembly, a second test was accomplisned
on 19 December 1968. There were no FARR's written as a result of this check-

out, Three revisions were made to the procedure.

The range safety receiver checks were initiated on 12 December 1968, and after
the second attempt, was accepted on 16 December 1968. The first attempt was
terminated after it was noted that the test code plugs were not installed on

the decoder assemblies. Seven revisions were documented against the checkout.

The range safety system auvtomatic test was successfully accomplished with no

FARR's, and two revisions.

Signal conditioning setup was accomplished between 13 December and 18 December
1966, by the calibration of three 5 volt excitation modules, seven 20 volt
excitation modules, and three temperature bridges., FARR 500-60T7-629 reported
that the 20 volt excitation module, P/N 1ATH036-1, S/N 0353, had an output
below the minimum tolerance. The module was removed and replaced., Three revi-

sions were written in the checkout.

The hydraulic system checkoul was satisfactorily accomplished by the third

attempt on 19 December 1968, The first atvempt initiated on 14 December 1968,
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2.3 (Continued)

was aborted due to a leak in the auxiliary hydraulic pump, which was removed
and replaced on FARR 500-60T7-637. The second atbempt was sborted when the
coast mode thermal switch on the auxiliary hydrauvlic pump failed to operate
vhen the dry ice pack was applied, Troubleshooting revealed that the dry ice
pack had been applied to the wrong location; however, during the trouble-
shooting it was noted that the hydraunlic pump was leaking fluid at the shaft
seal drain port., The pump was removed and replaced on FARR 500-607-653. Ten

revisions were recorded in the procedure,

The telemetry and range safety antenna syster check was accomplished on 16

December 1968, with no FARR's; however, two revisions were reguired.,

The propulsion system autamatic test was performed twice during the deferred
postiire checkouts, The first test was successfully accomplished on 16
December 1968, The second test performed only that portion of the procedure
needed to verify the passivation circuitry and the J-2 orbital safing valve
checks, which were not checked during the first issue due to incomplete stage
wiring. FARR 500-607-696 reported that the ILHp £ill and drain valve did not
transmit open talkback. The valve was acceptable for use at the STC, and
final dlsposition is to be given &t the FIC. PFourty-four revisions were

required to complete the procedure,

The ell systems test was performed two times, the first attempt was success-
fully accomplished on 18 December 1968. Due to replacement of the propellant

utilization electronics assembly and the suxiliary hydraulic pump a2 second
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2.3 (Continued)
issue was reguired on 20 December 1968, There were no FARR's written during

this checkout; however, nineteen revisions were made to the procedure,

The hydraulic system checkout was accomplished on 27 December 1968, to obtain
postfire closed loop hydraulic fluid samples and to secure the hydraulic sys-
tem prior to removal of the stage from the test stand for shipment. No FARR's

were written and the procedure required three revisions.

The final deferred postfire checkout was the forward skirt thermoconditioning
system test, initiated on 31 December 1968, and accepted on 3 January 1969.
No FARR's were initisted as a result of this test. One revision was made to

the procedure,

2.4t Final Inspection

Following the final manufacturing operations and modifications, the final
inspection of stage 506N was accomplished between 23 December 1968, and 16
January 1969, to locate and correct any remaining stage discrepancies., A
total of three-hundred and twenty mechanical and electrical area discrevancies
were recorded during the inspection, mostly of a minor nature. All except
Pourteen of these discrepancies were cleared t0 an acceptable condition withe
oul requiring failure and rejecvion report action. The remaining problems
were noted on FARR's 500-607-785, 500-608-T49, 500-608-935, 500-608-943,
500-608-960, and 500-609-001, and were acceptably corrected. FARR 500-703-113,
dealing with a torn curtain assembly was transferred open toc the FIC. A more

detailed narration on the final inspection is presented in paregraoh I b,
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2.5 Welght =and Balance

The stage was roteted to a horizontal position in preparation for the weight
end balance operation., On 14 January 1969, the stage was weighed by means of
& three point electronic weighing system, Three electronic load cells, cne
aft and two forward, measured the reaction forces of the otherwise unsupported
stage, The reaétion Torce measurements were then used to determine that the
stage shipping and handling weight was 26,804.9 pounds, the stage weight
corrected for Standard Gravity in a vacuum was 26,857.2 pounds, and the stage
longitudinal center of gravity was located at station 329.%, paragraph 4.5,

presents a more detailed nerretion on this operation.

2.6 Preshipment Purge

The final operation before the stage was shipped to FIC was the preshipment
purge, Gaseous nitrogen was used to purge the stage systems to dewpoints of
~30.0°F for the LH2 system, and -47,0°F for the 10X system. The proper desic-
cants vere installed to maintain the proper stege enviromment during the air
transport operations, Paragraph 4.6 presents a more detailed marration on

this operation,

2.7 Tncomplete Tests and Retesting Requirements

All required prefire, sbbreviated postfire, and deferred postfire svage check-

outs were accomplished during the stage testing period.

During the pericd following the stage testing, modifications were made to the

stage prior to shipment from STC, and additional modifications were scheduled
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2.7 {Continued)

at FIC, These modifications invelidated parts of the previously accomplished
stage testing, lncluding pover distribution system, hydraulic system, range
safety receiver checks, propeliant utilization system, propulsion system leak
and functional checks, propulsion system automatic, and the all systems test.
MDAC report DAC 61237, dated 17 Jenuary 1969, extensively covered these modi-
Tications and the retesting that would be required at FIC o reverify the
aflected stage systems, This report was prepared in accordance with consract

change order CO 2055,

2.8 Incomplete FARR's

3ix FARR's vere not closed at the time stage SO6N was shipped to FTC, and
these FARB’S were transferred open with the stage. FARR 500-489-732 reporzed
that a pressure of 475 psig was applied to the engine pneumatics and the LHo
repfessurization bottles. No pressure should have been asppiied. FARR 500~
607-696 noted that the Lﬁé Fill and drain valve did not transmit open talk-
back., FARR 500-608-986 noted several data discrepancies during AST data
review. One transducer, XO9MI650, P/N 1BEO242-595, was removed and replaced,
nll olher iltems were acceptable {or use. The FARR was transferred to the

FEC for NASA review. FARR 500-T03-113 reported several torn areass on the
curtain assembly, P/N 1B69815. The curtain was classified as interim nse
material (IUM), with final disposition to be given at the FTC. FARR 500-T7G3-
121 reported that the ground strap assembly, P/N‘lBSS32L—SOl, was damaged.
The ground strep was classified as I0M, with final disposition to be given
at the FIC. FARR 500-703-148 was concerned with discrepancies noted during

AST deta review.
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3.0 STAGE CONFIGURATION

The paragraphs of this section define the configuration of the stage, and note
the applicable variastions., Paragraph 3.1 discuosses the means used to verify
the stage configuration; paragraph 3.2 describes those flight critical items
which deviate from the stage design: and parsgraph 3.3 contains those varia-
tions in stage configuration which represent changes in the scope of the pro-

gram,

A listing, in tabular form, of all time/cycle significant items on the stage,
along with the accumulated time/cycles for each item, is included in paragraph

3.k,

Existing contractuel configuration control papers are referenced wherever

possible.

3.1 Design Intent Verification

This confipguration of the stage 1is defined in the Engineering Configuration
Iist (ECL), Space Vehicle, Model DSV-4B.i-l, Manufacturing Serial Number 1011,
revision C, dated 19 August 1968. This ECL document includes s listing of all
paris, non-hardware drawings, and manufacturing and process specificesions
required for the manufacture and test of the stage, as defined‘by engineering
production drawings and EO releases, The ECL has been transmitted to NASA

under a separate cover,

Verification of design intent was accomplished by comparing the ECL with the

Plenning Configuration List (PCL), and the Reliability Assurance Department
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3.1 (Contlnued)
As-Bullt Configuration List (ABCL). Any discrepancies found were resolved by
the contractor, and a listing of the resultant action is filed at the con~

tractor's facility.

3.2 Stage Variations - Flight Critical Ttems

Jdentification of components and assemblies which are variations to the stage
design 1s accomplished by including the serial engineering order {SEQ) dash
number asfter the part number, Those flight ecriticel items which are installed
in the stage with SEO variations are reviewed in this paragraph. A descrip-
tion of the variation, along with part number and serial number, is presented

for each part.

3.2.1 LOX and LHp Fill and Drain Valves

SEO 1a482L0-00T authorized the removal of the existing bonded insert and O-ring
from the electrical connectors, legk testing of the receptacles, and subseguent
installation of an unbonded insert and O-ring for the LOX and LH, fill and

drain valves, P/N 1a4B8240-505, S/N's Oll4 and 0121, respectively. The unbonded
inserts were installed to minimize cracking of the inserts and glass insulation

at cryogenic temperatures, in accordance with NASA Change Order 1602.

3.2,2 Oxidizer Msss Probe

SEO 1AL8430-0124 authorized reworking the oxidizer mass probe, P/N 1a48430-511,
S/N €2, to provide proper insulation resistance equivalent to the -513 con-

figuration.
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3.2.3 1LHp Chilldown Pump

SFO 1A4OA21-010 provided instructions to rework the LH, chilldown pump, P/N

1ahgh21-507, 8/N 158, eguivalent to the -505 configuration,

3.2.% 1Hp Chilldown Shutoff Valve

SEO 1Ah9965-012 authorized unbonded insert replacement for the bonded insert,
as previously described in paragraph 3.2.1, for the LHE> chilldovn shutoff valve

P/N 1a%9965-523, S/N 0517.

3.2.5 LOX Chilldown Shutoff Valve

SEO 1Ah9965-0134 suthorized the removal of the valve assembled with Drilube 82
which was no longer LOX compatible, and the installation of LOX chilldown shubt-

off valve, P/N 1a49965-529, S/N 0601, which was assembled with aa acceptable

lubriecant.

3.2.6 Pneumatic Power Conirol Module

SEQ 1A58345-007 provided instructions to rework the pneumatic power control

modute, P/N 1A58345-523, §/W 1024, equivalent to the -523 configuration.

3.2.7 Chilldown Inverter Electronic Assembly

SEO 1AThH039-014A provided for low snd high temperature testing of the chilldowr
inverters, P/N 1A7h039-517, S/N's 052 and 00036, to verify the compatibility of

the current limiting circuits,



3.2.8 Cold Helium Fill Module

SEO 1BSTT81-005 provided for special tests of the cold helrum fill rmodule,
P/N 1B5T7781-507, s/n 0029, to check for internal leakage after cold tempers.

ture operation,

3.2.9 OpHp Burner Assembly

SEO 1B62600~012B authorized reworking the OpHp burner assembly, P/N 1B62600

-529, s/m 013, to wpdate it to provide restart capabilivy.

3.2.10 Actuation Control Modules

SEO 1B66692-00% authorized correction of electrical designations stamped in
error on the actuation control modules, P/N 1B66692-501, S/N's Tk, 82, 83, 90,

92, 93, 94, 95, 96, and 17k,

3.3 Scope Change/Engineering Chenge Proposal Verification

s

Scope Change (SC) and Engineering Change Proposals (ECP), with the applicable
verification data, are listed in Form DDB29-1, which is included in the Stage
Log Book, The following SC/ECP'S were incorporated subseguent to stage trans-
fer from the S8C and were substantiated as being incorporeted by MPAC and AFQA
personnel "buy off" of the A0 paper. The SC/ECP's are listed as previously
complied with (PCW) on Form DD829-1,

a, ECP X021, authorized by CCO 363, provided for static test monitoring
of the engine turbopump RPM,

b, ECP X056, authorized by €CO's 413 and 572, provided that consecutive
reference designation mmbers be assigned to stage relays.
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.

d.

L.

ECP X082, authorized by CCO's 43k and 539, provided new engine trans-
ducer design reguirements,

ECP X085, authorized by CCO bhk, provided for the redesign of the
engine cutoff circuitry.

ECP X092, authorized by CCO's 451 and 539, provided for addrtonal
MSFC flight control wirlng.

ECP X099, authorized by CCO 461, provided for additional herdwire
measurements through the uwmbilieal,

ECP X113, authorized by CCO's 472 and 539, provided z method for
implementing the secure range safety command system,

ECP X114, authorized by CCO 482, provided for independent excitation
of IOX and LH tank pressure transducer 5-volt power supplies.

ECP X119, suthorized by CCO's 502 and 586, provided = revised venting
system for the LHo tank,

ECP X12k, authorized by CCO's 506, 539, 562, provided for changes
in the stage for Rocketdyne ECP compatibility.

ECP X126, authorized by CCO's 511, 551, 578, and 607, and letter

8-IVB-5-293, provided for modification of the ecryogeaic repressuri-
zation system,

ECP X132, authorized by CCO's 383, k22, 435, 508, and 516, and letter
S-IVB-5-581, provided for an operational telemetry system.

ECP X134, authorized by CCO 537, provided for redesign of the englne/
stage electrical interface.

ECP X136, authorized by CCO's 329, 538, and 631, provided for the
release of a coolant system common to both the S-~-IB and S-V stages.

ECP X137, authorized by MSFC letter I-V—S-TD-65-53, defined the
programmed mixture ratio.

ECP th?, authorized by letter D151, provided for the addition of
a relay to the aft 28 vdc power distribution assembly.

ECP XlSh, anthorized by SA T90, provided for design, procurement,
and instsllation of the control relay package.

ECP X171, authorized by CCO's T9 and 582, provided for MC Tittings
and flared tubing.
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S,

t-

",

W.

Z.

aa,

ab,

ac.

af,

ae.

af,

ag.

ECP X176, authorized by CCO 587, modified the thrust structure.

ECP X178, authorized by CCO 597, provided for the release of a stage
positive pressure system.

ECP X190, authorized by letter 762, provided for the forward skirt
envirommental control system.

ECP X198, authorized by CCO's 658 and 692, revised the engine thrust
0K circuits.

ECP X199, authorized by CCO 630, provided redesign criteria for the
APS modules,

ECP X204, authorized by CCO's 650, 661, 670, and TO8, and letter
S-IVB-65-246, provided for the deletion of the pad safety and mini-
mum 1iftoff pressure switches,

ECP X209, authorized by CCO 84T end NASA letter 196, revised forward
skirt paint requirements.

ECP X217, authorized by CCO 698, provided black teflon hoses for the
hydraulic system.

ECP X218, authorized by CCO's Th2, 772, and letter S-IVB-5-1425,
provided for modifications of the Lis tank forward dome and the
LOX tank aft dome.

RECP X221, authorized by CCO 693, provided Tfor the redesign of the
APS gemini engine nozzle supports.

ECP X222, authorized by letter SD-L-147TO and technical directive
TD-66-1, provided for the modification of the LOX tank propellant
ubliization probe.

ECP X224, authorized by CCO 739, provided for RPM measurementcs for
the recirculation chilldown pump.

ECP X239, authorized by CCO 729, provided for implementatvion of the
safing engine start circuits.

ECP X255, authorized by CCO 645 and letter S-IVB-6-3518, provided
for the thermal insuwlation of Model II switch selectors.

ECP X262, authorized by CCO's 813 and 853, and letter S-IVB-6-198,

provided for the modification of the emergency detection system
cutoff circuits.
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ah.,

ai.

aj.

ak,

al.

aitk,

an,

a0,

ap.

aag,

ar.

ag,

at,

au,

av,

ECP X26k, authorized by CCO 781, provided for deleting the rate
gyro and accelerometers.

ECP X267, authorized by letter L-131-66, provided for the identi-
fication of GFE test code plugs.

ECP 0271, authorized by CCO 798, provided for range safety system
measurement requirements.

ECP 0273, authorized by CCO 83?, provided ior deletion of the LHs
tank translunar vent termination pressure switch.

ECP 0277, authorized by CCO 801, provided for the deletion of the
interstage propellant dispersion system pyrotechnics.

ECP 0281, authorized by lebters L-192-66 and L-380-66, provided
for the reloeation of stage coolant system plumbing o ensure
proper mating with the NASA Instrumentation Unit (I.U.).

ECP 0302, authorized by CCO's 886 and 942, provided for the design
of an LH» slosh filter for the propellant utilization system, and
a guidance system computer M/F filter,

ECP 0304, authorized by CCO 977 and letters S-IVB-6-886 and
8-IVB-6-1050, provided for the deletion of S-IVB vent termination
pressure switches.

ECP 0314, anthorized by MSFC lstter I-60-8SD-L-329-66, provided for
rework and installation of the Model IT switch selector,

ECP 0318, authorized by CCO 956, provided for modification of the
range safety controller safing plug.

ECP 0341-1, a compatibility ECP, provided for replacement of The
low pressure cold gas check valve.

ECP 0354, a compatibility ECP, provided for a thermal barrier for
the embient helium £ill module.

ECP 0355, authorized by letter L30T, provided for the redesiga of
the LHp pressurization diffuser,

ECP 0364, authorized by letter L307, provided for the addizion of
a check valve to the APS helium supply line,

ECP Obd1, authorized by CCO 93k, provided for revorking the remote
analog submultiplexer.
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aw.

ay-

8%.

a8.

bb.

be.

bd.

ke,

bf.

b,

b,

bi.

bj.

bk.

bl

ECP OM43-1R1, authorized by CCO 1045, provided for a hazardous gas
detection systen.

ECP OhkR1, a compatibility ECP, provided for insvalling wiring in
branched wire harness 403Whk,

ECP 0449, a compatibility ECP, provided for modification of the
forward skirt thermoconditioning panels.

ECP 0#50, a compatibility ECP, provided for changes to the auxiliary
tunnel covers,

ECP Ok66, authorized by letter I-CO-S-IVB-6-805, provided for modi-
fication of the propellant wtilization static inverter-converter
capability.

ECP O4T79, a compatibility ECP, provided for wiring changes in the
PAM inputs to the DDAU.

ECcP 0481, a compatibility ECP, provided for changes in the hi-lock
bolts in the aft skirt.

BCP 0486, authorized by letver I-C0-S-IVB-6-1459, provided for the
replacement of dicdes in the inverter-converter,

ECP 0#88, a compatibllity ECP, provided for the installation of the
Torward dome ullage pressure transducer,

ECP 0490, a compatibility ECP, provided for the redesign of check-
out valve, P/N 1B53817.

ECP Oh93R2, a compatibility ECP, provided for redesign of the Lo
and LOX chilldown system shutoff wvalves.

ECP 0505, a compatibility ECP, provided for modification of the
breakpoint amplifier module.

ECP 0506, a compatibility ECP, provided for the addition of opera~
tional telemetry measurement D225.

ECP 0510, a compatibility ECP, provided for the installation of
coaxial cable assembly 411wW212.

ECP 0511, e compatibility ECP, provided for the redesign of the
LAp chilldown pump shutoff line.

ECP 0522, authorized by CCO 1079, provided for redesigning the
hydraulic actuator bolt rod end.
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bm.,

bn.

bo,

bp.

bq.

br,

bs,

bu.

v,

bw.

bx.

by.

bz.

ca,

chb.

ECP 0533, a compauvibility ECP, provided for the installation of
hydraulic accumulator/reservoir temperature and pressure transducers.

ECP 053&, a compatibility ECP, provided for replacement of the tank
rellefl valves.

ECP 0542, authorized by letter I-CO-S-IVB-6-8T4, provided for changes
in the Model IT PCM RF assenbly.

ECP 0547, authorized by CCO's 966 and 1122, provided for redesigning
the bi-level summing netbtwork module.

ECP 055TR1l, authorized by letter I-CO0-8-IVB-1037, provided For re-
designing the APS helium pressure regulator,

ECP 0565, a compatibility ECP, provided for redesigning the £111 and
drain valve,

ECP 0575, a compatibility ECP, provided for reworking the auxiliary
hydraulic pump assembly,

ECP 0581R1, esuthorized by CCO 1063, provided for OK bypass command
eireuits.

ECP 0590, a compatibility ECP, provided for replacing the multiplexer
and switch selector shrouds.

ECP 0592R3, a compatibility ECP, provided for deletion of the APS
helium 111 module.

ECP 0597-1, authorized by letter I-C0-S-IVB-6-1271, provided for
redesigning the propellant £ill and drain umbilical disconnects.

ECP 0600, a compatibility ECP, provided for reworking the check
valve Lor the engine driven pump.

ECP 0001, authorized by CCO 993, provided for lock wiring nuts on
the propellant system,

ECP 0605, a compatibility ECP, provided for vibretion isolation of
the EDS transducers,

ECP 0613R1l, authorized by letter I-C0-S-IVB-6-1176, provided for
replacement of the bolts in the hydraulic hose support bracketis.

LCP 0622R3, a compatibllity ECP, provided for replacement of the
10 amp relay modules.



3.3 (Continued)

ce, ECP 0630, a compatibility ECP, provided for the reconfiguration of
the LOX inlet duct.

cd. ECP 0633, a compatibility ECP, provided for rework of the IHp propel-
lant duct resilient mount.

ce. ECP O63h, a compatibility ECP, provided for revision to the emergency
detection system.

cf.  ECP 0638-1, authorized by letter I-CO-S-TIVB-6-1262, provided for re-
placement of the APS quick disconnect,

cg. ECP 0639, a compatibility ECP, provided for the relocation of a
pressure transducer,

ch. ECP 0648, authorized by letter I-C0-S-IVB-6-1327, provided for the
deletion of the relief valve funection from the ambient helium fill
module., .

ei. ECP 0651, a compatibility ECP, provided for adding a core reset
resistor to the chilldown inverter.

cJ. ECP 0653, a compatibility ECP, provided for revisions to the umbili-
cal panel markings,

ck., ECP 0663, a compatibility ECP, provided for vhe reconfiguration of
the LHy inlet duct.

cl. ECP 0672, a compatibility ECP, provided for redesigning the pneu-
matic power control module.,

o, ECP 0677, &8 compatibility ECP, provided for redundant relays for
the 70 pound thrust ullage engine start.

en.  ECP 0678, a compatibility ECP, provided for an RF bond for the for-
vard skirt junction box assembly.

co.  ECP 0680, authorized by letter I-CO-S-1VB-6-1380, provided for a
measurement of the inverter-converter 21 vdec outpus.

cp.  ECP 0681, authorized by letter I-CO~-S-IVB-T-680, provided for check-
out of the spare depletion sensor,

cq. ECP 0685, a compatibility ECP, provided for replacement of the aft
support for the hydraulic aceunulator/reservoir,

cr, ECP 0686, a compatibility ECP, provided for the deletion of the
LH, depletion sensor time delay module.



3.3 (Continued)

es, ECP 0688, authorized by CCO 1031, provided for modifications to the
aft umbilical.,

ct. ECP 0689, a compatibility ECP, provided for redesigning the vent
and relief valve,

cu.,  ECP 0699, a compatibility ECP, provided for purging the LOX ullage
‘sensor line.

cV. BCP 0801, & compatibility ECP, revised the transducer mounting for
measurement DOSS,

cw,  ECP 0808, a compatibility ECP, provided for a revised installation
Tor the measurement D55 transducer.

CX. ECP 0809, a compatibility ECP, provided for modification of the
wire harness for power input measurement K169.

cy. ECP 081k, a compatibility ECP, provided for rework of the plenum
envirommental segment,

cZ, ECP O9#3R3, a compatibility ECP, provided for modification of the
forward skirt signel conditioning panel.

da, ECP 094kR2, a compatibility RBCP, provided for modification of the
thermoconditioning system supply line supports.

déb.  BCP 0953R1l, a compatibility ECP, provided for eight additional
ullage rocket jettison two-fuse Velero clamps.

de. ECP 0958R1, a compatibility ECP, provided for capping the APS module
orlfices,

dd.  ECP 0962R1L, a compatibility ECP, provided for the addition of caver-
pillar grommets For the LOX tank confined detonating fuse.

de, ECP O963Rl, authorized by CCO 1613, provided for relocating the
cable clamps for the AST line,

aft, ECP 09T73R2, a compatibility ECP, provided for correcvions to con-
nector mating reference designations.

dg. ECPF 0983R1, a compatibility ECP, provided for having the chilldown
shutoff valve LOX compatible,

dh. ECP 098%R1, a compatibility ECP, provided for the replacement of a
battery ground strap.

A
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ECP O991RL, a compatibility ECP, provided for elimination of wire
and ground strap interference with the -L02 access kit.

ECP 1008R3, authorized by CCO 10Tk, provided for modificetions to
the redundant EDS J-2 engine cutoff.

ECP 1016R1, asuthorized by CCO 1207, provided for control of Navan
geals,

ECP 2019RL, a compatibility ECP, provided for redesigning the con-
tinuous vent system.

ECP 2027, & compatibility ECP, provided for the replaccment of the
feedthrough coaxial socket contacts.

ECP 2033, a compatibility ECP, provided for the power control and
engine pump pipe assemblies,

ECP 2037, a compatibility ECP, provided for the main hydraulic pump
compensator attachment,

ECP 2040, authorized by letter I-CO0-S~IVB-T-100, provided for addi-
tional measurements in the S-IVB stage operational measurement pro-
gram,

ECP 2046, a compatibility ECP, provided for the relocation of the
pressure transducers for measurements D16, D183, and Di8L,

ECP 2048R1, authorized by CCO 1198, provided for the modification
of the continucus vent module bypass valve hardwire talkback,

ECP 20h9R2 a compatibility ECP, provided for procurement and
installation of pneumatic actuation control module, P/N 1B66692-501.

ECP 2051, a management directive ECP, provided for the reconfigura-
tion of the cold helium dump module,

ECP 2053, a compatibility ECP, provided for substitution of the
diodes in the chilidown inverter.

ECP 2060R2, a compatibility ECP, provided for rework of the cold
helium check valve,

ECP 2061, authorized by "mske work," provided for the replacement
of the auxiliasry hydraulic pump seal,

ECP 2073, & compatibility ECP, provided for painting the hydraulic
actuators.



3.3 (Continued)

dy. ECP 2079, suthorized by CCO's 1231 and 1318, provided for rain
baffles for the envirommentsl control system vents,

dz. ECP 2090, authorized by letter I.-C0-S-DAC-L-L03-67, provided Tfor
redesigning the directional control valve,

ea, ECP 2091, a compatibility ECP, provided for reworking the auxiliary
hydraulic pump assembly.

eb. BCP 2092, a compatibility ECP, provided Ffor the recontiguration of
the bus connectors,

ec. ECP 2096, authorized by CCO 1198, provided for modification of the
continuous vent system hardwire talkback,

ed, ECP 2105, authorized by letter I-CO-S—IVB~T—158, provided for modi-
fication of the propellant uwtilization system to permit restart
with the PU valve in the hardover position.

ee. ECP 2112, a compatibility ECF, provided for the reconfiguration of
the pneumatic actuator.

ef, ECP 2117R1, a campatibility ECP, provided for the installation of
a check valve in the actuation control modules.

eg. ECP 212th, 2 compatibility ECP, provided for reconfigurating the
LOX chilldown pump.

eh., ECP 2128Rl, authorized by CCO 1399 and CCO 1566, provided for the
reconfiguration of the pneumatic power control module P/N 1A58345,

el. ECP 2130, authorized by letters I-CO-S-IVB-7-3k6 and I-CO-S-IVB-T
-1238, provided for eddy current testing of the ambient helium vanks.

ej. ECP 2132, a compatibility ECP, provided for reconfigurating the
Model II RF assembly.

ek. ECP 2133, authorized by letter I-CO-SmIVBnT-183, provided for re-
configurating the Model IT RF assembly.

el. ECP 213k, authorized by CCO's 1170 and 1401, provided for the re-
placement of printed cirecuit boards in the Model 270 multiplexers.

em, ECP 2160R1l, a compatibility ECP, provided for replacing the coaxial
contacts on the internal cryogenic plugs.

en, ECP 2169, a compatibility ECP, provided for relocating the common
bulkhead pressure transducer,
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ECP 217hR1l, a compatibllity ECP, provided for transducer installa-
tlons in the LOX and IHp chilldown return ducts,

ECP 2175, a compatibility ECP, provided for a 10X chilldown pump
bypass orifice,

ECP 21T76R1l, a compatibility ECP, provided for the rerouting of
coexial cables.

ECP 2180R2, a compatibility ECP, provided for redesigning the LOX
relief valve P/N 1Ak9590-515.

BECP 2183, a compatibility ECP, provided for reworking the burst
disc in the fuel chill duct.

ECp 218k, a compatibility ECP, provided for reworking the burst
dise in the fuel low pressure feed duck.

ECP 2188R2, authorized by CCO 1281, provided for revisions to the
duel repressurization systen,

ECP 2189, authorized by letter I-CO-S-IVB-T~528, provided for
revorking the IH, PU probe lower mount assembly.

ECP 2193, a compatibility ECP, prov1ded.for the replacement of
MAS 1351 passivated screws.

ECP 2204R2, authorized by letters I-CO~S-IVB-T-L56 and ~T2k, pro-
vided for removal of the repressurization module relief valve.

ECP 2206, suthorized by CCO's 1226, 1282, and 1297, provided for =
bearing change in the IHp chilldown pump.

ECP 2206R1, a compatibility ECP, provided for propellant utiliza-
tion system initial conditions.

ECP 2234R2, a compatibility ECP, provided for reconfigurating the
fuel reliefl valve,

ECP 2235RLl, authorized by CCO 1406, provided for a change in the
2 amp relays,

ECP 22h2, a compatibility ECP, provided for a propellant utiliza-
tion system component oven.

ECP 22hk, a compatibility ECP, provided for reconfigursting the
power control module.
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ECP 2247, a compatibility ECP, provided for a chaage in & heat
sink installsvion.

ECP 2248, a compatibility ECP, provided for reconfiguraiing the
contimious vent module,

ECP 22&9, a compatibility ECP, provided for reworking the APS
propellant control module.

ECP 2252, a compatibility ECP, provided for reconfigurating the
check walve in the cold helium dump module.

ECP 2253-1R3, a compatibility BECP, changed the sezl and retainer
on the flight half of the LHo vent line quick-disconnect.

ECP 2201R1, authorized by CCO 1384, provided for CpHs burner ILOX
manifold shutdowm valve position talkback.

ECP 2265, authorized by letvter I-CO-S-IVB-7-1030, provided for the
replacement of the flexible couplings in the forwerd skirt.

ECP 2269, a compatibility ECP, provided for reworking the chill
system shutoff valve.

ECP 2270R1l, a compatibility ECP, provided for testing of the chill-
dowm inverters.

ECP 2271, authorized by CCO 1280, permitted lengthening of the
S-IVB/IU ground cable,

ECP 2273Rl, a campetibility ECP, provided for doors in the aft
skirt and interstage for drag-in cables.

ECP 2275, a compatibility ECP, provided for pressure vessel changes.,

ECP 227TR2, a compatibility ECP, provided for a plenum chember in
the pheumatic control system.

ECP 2279, a compatibility ECP, provided for the sealant for the
range safety and telemetry antennas.

ECP 2202, a compatibality ECP, provided for the use of insulating
washers on diode modules.

ECP 2293, a management divected ECP, provided for the removal of
the exterior coordinate system markings from the stage.

ECP 2295, a compatiblity ECP, provided for the replacement of a
hand valve.
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ECP 2296R2, authorized by CCO 1647, provided for modification of
the relay control packages to incorporate an O-ring type seal in
lieu of & welded assembly.

ECP 2298R1, authorized by CCO 1680, provided for the J-2 engine
start tank emergency vent system control,

ECP 2301R1, euwthorized by CCO's 1429 and 1666, provided for an
increase in the propellant utilization system boil-off bias,

ECP 230%, authorized by CCO's 1352 and 1383, provided for modifi-
cations to the LOX tank repressurization control module,

ECP 2305, authorized by CCO 1352 and 1383, provided for modificaw
tion of the repressurization control module.

ECP 2308, a compatibility ECP, provided for a locking device on the
fuel duct vacmm valve.

ECP 2309, a compatibility ECP, provided for reconfigurating the Lio
chill system supply duct,

ECP 2311R2, authorized by CCO 1522, provided for modification of
the LHp pressurization system,

ECP 2312, a compatibility ECP, provided for the. replacement of the
servo-bridge transmission mobtor,

ECP 2319, authorized by letter I-CO-S-IVB-T-T9k, provided for the
installation of an orifice in the LOX repressurization system.

ECP 2325R1l, authorized by CCO 1426, provided for redesigning the
low pressure helivm module,

ECP 2326, a compatibility BCP, provided for strengthening wire
support panels.

ECP 2328R1, authorized by GCO 1791, provided for incorporation of
redundent instrumentation for critical pressure measurements.

ECP 2329, a compatibllity ECP, provided for a pipe assembly for
the power control module,

ECP 2330R2, authorized by CCO 1528, provided for a propellant
uwtilization system oven monitor.

ECP 2339, authorized by CCO 1491, provided for a redundant pressure
measurement,
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ECP 2360, authorized by letter I~-CO-S-IVB-7-1136, provided for
installing larger spacers under the actuatidtn control modules.

EBCP 2419R1, a compatibility ECP, provided for replacing the
solenoid in the continuous vent module,

ECP 2h3k, authorized by CCO 149k, provided for boliis for attaching
the J-2 engine to the stage.

ECP 245k, authorized by CCO 1430, provided for modification of the
range safety controller safing plug.

ECP 2469, asuthorized by GCO 1553, provided for replacing the power
supply card in the remote digital submultiplexer.

ECP 2h85R2, authorized by CCO 1562, provided For modifications to
the division module of the remote analog submultiplexer.

ECP 2h91R2, authorized by CCO 1600, provided for mecdification of
the 1H, vent and reliei system.

ECP 2500R1, authorized by CCO 1539, provided for the replacement
of pressure switch lines,

ECP 2545R1, authorized by CCO 1561, provided for the removal of
the LOX tank repressurization check valve,

ECP 2566, authorized by CCO 184k, provided for electrical design
changes,

ECP 2572, authorized by CCO 132k, provided Ffor revork of tne
tunnel disconnect connect.

ECP 257#Rl, authorized by CCO 16h9, provided for modifications o
the 10X heat exchanger bypass valve circuits.

ECP 2584, authorized by CCO 1491, provided for the rework and the
addition of ablative insulation.

BCP 26lth, a compatibility ECP, provided for pressure transducer
locations.

ECP 2630, a compatibility ECP, provided for removing the orifice
Trom the actuation control module inlet,

uCp 2640Rl, authorized by CCO 1717, provided for a moditied fuel
vent direcvional control valve to minimizne stress corrosion,

ECP 2641R1, authorized by CCO 1654, provided for the LOX tenk
pressure control module spring change.
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ECP 26L2R1, authorized by CCO 1654, provided for the eold helium
dunp module spring change.

ECP 2645R2, & compatibility ECP, provided for capping the calibra-
tion port of the calips pressure switches.

ECP 2649, authorized by CCO 1684, provided for incorporation of
a redesigned repressurization control module.

ECP 2652R1, authorized by CCO 1714, provided for the procurement
of PU oven components.

ECP 2656, authorized by CCO 1684 and letter I-CO-S-IVB-8-087,
provided for the redesign of the plemumm valve assembly.

ECP 2658RL, authorized by CCO 1602, provided for rework of
Deutsch electrical connectors,

LCP 2691, authorized by CCO 1911, provided for an orbital and
translunar safing system,

ECP 2698, muthorized by CCO 1718, provided for potenticmeter
brldge reconfiguration,

ECP 2763R1, authorized by letter I-CO-S-IVB-8-229, provided for
reducing electromagnetic interference levels for J-2 engine
rressure measurements through excitation ard ground wire reloca-
tion.

ECP 2787TRL, asuthorized by letter I-C0-S-IVB-8-287, provided for
the addition of suppression diodes across the safe and arm device
command, lines,

ECP 2790, a compatibility ECP, provided for changing the Korotherm
thickness,

ECP 2793, & compatibility ECP, provided for modifications to the
heliwn £111 module thermal protection.

ECP 2799, a compatibility ECP, provided for the repiacement of
the 1/h-inch pneumatic check velves, P/N 1B51361-1 with P/N
1B67598-501.

ECP 2802, authorized by CCO 1778, provided for the 1, probe re-
work,

ECP 2862, a compatibility ECP, provided for modification of the
LH, chilldown pump to eliminate bearing coolant flow,
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ECP 2886, authorized by TAN's 11599R1 and 11702, provided for the
replacement of the concseal gaskets in the LOX pressurization system

ECP 2900R1, authorized by CCO 1896, provided for replacement of
pipe assemblies containing MC-125 sleeves.

ECP 2001, authorized by CCO 1896, provided for the J-2 engine bolt
replacement.

ECP 2041, suthorized by CCO 192!, provided for the elimination of
the switehing function for measurement K0128.

ECP 2001, a compatibility ECP, provided thermal control for the
control relay modules,

EC? 2993, a compatibility ECP, provided for reconfiguration of the
repressurization control modules,

ECP 3007, a compatibility ECP, provided for installation of an
orifice, P/N 1B63023-l, at the inlet of the actuation control
medule,

ECP 3011, a compatibility ECP, provided for correction of reference
designation numbers on thermal switch and thermal switch fitting.

ECP 5015R2, authorized by CCO 1k06, provided for metal dust covers
for electrical plugs.

3¢ 1045B, authorized by CCO 118, provided design specificavions
for the forward skirt thermoconditioning system.

SC 1124, authorized by CCO 259, provided closed loop checkous
gbllity Tor the stage range safety command RF syscem,

5C 1187, authorized by CCO's 136, 172, and 330, installed the
MSFC furnished control accelerometers and rate gyro.

5C 1189, authorized by CCO's 111 and 126, provided for tvhe design,
release, and manufacture of the necessary parts and documencs for
the two~hour and four-and-one-half hour transliunar coasvus.

S5C 1193, authorized by CCO 156, provided for the redesign of the
LO0X tenk vent line and supportcing hardwire.

8C 1203, authorized by CCO 168, provided for RPM measuremeat of
the LOX and LH2 turbopumps.
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SC 1205, authorized by CCO 173, provided for the installation of
three additional interface commectors.

5C 1207, auwthorized by CCO's 197, 213, 330, 343, and 41k, provided
for the modification of the propellant utilization system.

SC 1218, authorized by CCO 202, provided for the chilldown system
recircenlation pump and motor.

SC 1219, authorized by CCO 201, provided for the APS control relay
package,

5C 1221A, authorazed by CCO 210, provided for the redesign of the
APS modules for the ullage engine system.

3C 1241, authorized by CCO 222, provided for additional sensing

elements in the englne cutoff system.

3C 127k, authorized by CCO's 264 and 330, provided for power supply
short circuit protection,

SC 1277, authorized by CCO 265, provided for the installation of an
emergency detection system.

SC 129TA, authorized by CCO's 284 and 330, provided for venting of
the forward skirt.

3¢ 130k, suthorized by CCO 288, provided for redesigning the hydrogen
fuel tank.

5C 1312, awthorized by I-V-S5-IVB-TD-6k-101, provided for reduced
tolerance on dome segments,

50 1326, authorized by CCO's 279, 496, and 595, provided for re-
clreulation chilldown pressure measurements,

3C 13764, authorized by CCO's 395 and k67, provided for the reduc-
kion of trapped propellants at stage burnout.

SC 1383A, asuthorized by letiters I-C0-SD-L-1037 and -1616, provided
for the incorporation of dusl diaphragm pressure switches with a
calibration capability.



3.0 ime/Cyele Signiftcant ltems

Twenly-nine items installed on ithe stage are time/cycle significant as defined

by deslgn requirements drawings 1B55423, Govermment Furnished Property Time/

Cycle Significent Items, and 1B55425, Relisbility Time/Cycle Significant Ttems

The following table lists these items, along with the time/cycles accrued on

each at the time of stage transfer to ¥FTC, and the maximmn allowable limits

prescribed by engineering,

Part Wumber and Serial Accunlated
Part Neme Number Measurement

Rclisbility Ttems (1B55425 R)

1AL3858-1 1169
Tleliw Storage Spherc 1171
1176

1163

118k

1188

1189

1192

1195

1A9h 21507 158
LHo Chilldown Pump

1404 23.509 1865
70X Chilldown Pump

1A59563-509 5033
PU Bridge Potentiometer 5038

1A66201-511 Xk58916
Auxiliary Hydraulic Pump

1B5T731-501 hih
Control Relay Package hig

*  Accumalated during static firing at STC only.
available.

41

cycles
cycles
cyeles
cycles
cycles
cycles
cycles
cycles
cycles.

R N ok

0.6 hours¥

O min¥

0 cycles¥

1.5 hours
kok cycles
370 cycles

iL.8 hours
L cycles

12k cycles
70 cycles

Engineering
Limit

50
50
50
50
50
50
50
50
50

100

cycles
cycles
cyecles
cyecles
cycles
cycles
cycles
cycles
cycles

hours

cryogeuic

ho

minute

ary

10

cycles

{dry stax

20
5,000
5,000

120
300

100,000
100,000

Previous records not

hours
cycles
cycles

hours
cycles

cyeles
cycles



3.4 (Continued)

Pari Number and Serial
Part Name Number

¢.7,P. Ttems (1B55h23 H)

LoM39515~113 252
FEW Fliring Unit 253
271
28k
40M39515-119 418
LEBW riring Unit hig
50M10697 187
Command Receiver 198
50ML0698 0165
Range Safety Decoder 0167
50M67864-5 107
Switen Selector
103826 J-2 Engine J-2101

a. Customer connect lines
and inlet ducts

b. Gimbal bearing
¢, TFiring time

d. Helium Regulstor 4088592
(P/N 558100-111)

Accunulated
Megsurement

35 Pirings
36 firings
38 firings
L2 firings

35 firings
34 firings

100. 8 hours
i01.0 hours

107.2 hours
102.2 hours

88,340 cycles

39. 8%
kg 60

T790.9 seconds

L9 cycles

Engineering
Limig

1,000
1,000
1,000
1,000

1,000
1,000

2,000
2,000

2,000
2,000

250,000

250-10,000

250~10,000

3,750

firings
firings
firings
firings

firings
firings

hours
hours

hours
hours

cycles

cycles
c&cles

seconds

None Given

¥ This data includes all engine gimbal cycles at STC, plus cycles brought
forward from Rocketdyne records., The cyecle data is expressed as a per cent
of design limits based on the gimbal angle, and can vary fram 250 to 10,000
+ cyecles as noted. -The indicated percentages were computed from the Engine
Tog Records wbilizing the graph per Rocketdyne Rocket Engine Data Manual

R-3825-1,
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4.0 NARRATIVE

The peragraphs of this sectlion narrate upon the stage checkous in the chrono-
Joglcal order of testing., The mejor paragraphs comprising the narrative are:
4.1, Stege Prefire Checkout; 4.2, Stage Abbreviated Postfire Checkout; 4.3,
Slage Deferred-Postfire Checkout; 4.4, Final Inspection; 4.5, Weight and
Balance; 4.6, Preshipment Preparations; 4.7, Incomplete Tests and Retest
Requirements; and 4.8, Incomplete FARR's. FEach major paragrsph is subdivided
to the degree required to present a complete historical record of stage c@eck—

out.

Fonconfeormance and functional Failures affecting the stage are rscorded on
FARR's and are referred to by serial numbers throughout the section (e.g.,
FARR 4261829 and 500-225-599)}. The referenced FARR's are also presented

nunerically by serial number in Appendix II.

4,1 Stage Prefire Checkout

Stage prefire checkouts bagan on 26 January 1968, with iniviatbion of the pre:
Tlre structural inspection, paragraph 4,1.1, The stage prefire checkouss were
~ompleted on 16 July 1968, with completion of the fimel prefire propulsion
wystem lcak check, paragraph &,1.23, All tests required per End Iten Test

Plan 1B66GSL, change J, dated b May 1968, were activated and completed.
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4,1,1 Structural Prefrire Inspcction (1BLO65hE B)

Perforzed between 26 Janu.nryr 1965 and 24 June 1668, this inspecstion verified
that transportation of the stege from the Space System Center to the Sacramento
Test Center hed no detrimental effect on the structure and also establiisked
the condition of the st.#g,c prior to static acceptance firing for ccmparison

with the stage condition subsequent to a full duration static firing progranm,

Prior to rotating or moving the stage frco the horizontel position in which
i+ was shipped, the area between the forward skirt anl the forward dome was

vipualily inspected and determined to be free of debris.

ter campletion of stage installation into the test stand, the forwvard access
kit and the protective cover kit were instelled. The thrust ctructure access
doors, P/N 1A68531-3 and P/R 1B68431-%, were removed to facilitate inspection
of the thrust structure area, The main wrd auxiliary tunnel fairing covers;
the L¥, feed line fairing asscmbly, P/% 1828109; the rill, drain, and chill
system fairing assembly, P/W 1828110; the LH» chilldown pump line fairing
assembly, P/N 1B26111; and the chill system rcturn fairing assembly, P/K

1828112, were removed to facilitate the inspection in the respective areas,

A visusl inspection wvas performed on all adhesive bonded parts for voids,
unbond or broxen conditions, -and all metal to metal bond continuity was veri-

fied by the coin tap method as prescribed in DPS 32330,

A visual inspection of the ambient helisn stcrage spheres was acccmplished to

deterzine if any out-of-tolerence ding, scratch, or finish discrepancy cxisted.



4,1,1  (Continued)

A radiographic inspection of the forward and aft V-section (the junction of

the forward skirt and the forwerd dome, and the junction of the thrust strue-

ture and the aft dome), did not reveal any foreign material,

There were two FARR's generated during the operation of this pfoaedure

following:

.

FARR A261895 noted that there were B-nuts requiring tordque-
ing; missing inspection seals; missing grounding studs;
loose wire harness clamps; missing safety wires; foreign
moterial on the J-2 engine throat ares; wet receptacles;
dings in the I0X helium heater bellows and the upper bellows
section of the lower IH; engine feed duct, P/N 1A49320-515,
S/N 32R; and welnut shell residue in the ﬂo3,'h11, and hoy
aress, It was also noted thet the RF assembly, P/N 1B65788-
1-002, S/N 15501, had to be resealed per 1B5THUTH.

FARR AZT0679 noted that the isolators, P/N 1B32258~1 and.
1B32067-1, respective locations L4OUAGL and LOLAGL, were
debonded in excess of 1/L inch. The isolators were removed
and replaced.

There were three revisions written to the procedure for the Tollowing:

B

b,

Ce

for the

One revision provided instructions for the isclator pull tessz,

One revision provided for Customer and Quality Engineering
authorization and documentation.

One revision noted that the Disposition Column in Tables I,

II, and ITI, of revision one were not required bescause the
disposition had been provided for in the second revision,
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k1,2 Forwerd Skirt Thermoconditioning System Checkout (1841955 C)

Prior to initiating the prefire autometic checkout of the stage at STC, the
forward skirt thermoconditioning system {TCS) was functionally checked to pre-
pare it for operation and to verify that the system was capable of supporting
stage checkout "operations. The procedure utilized the thermoconditionj.z?g
servicer, P/N 1A78829~1, which conditioned and supplied the water/methanol

heat transfer fiuid to the forward skirt TCS, P/N 1B38L26-513.

Checkout of the TCS was accamplished on 29 February and 1 Msrch 1968, and was
verified as acceptable on 29 March 1968. Preliminary operations included
setup and connection of the servicer to the TSC and inspection of the TCS
panels for open egquipment mounting bclt holes and propefly torgqued bolbs. The
TCS was pressurized to 32 +1 psig with fredn gas and leak checked with the
geseous leak detector, P/ N 1B37134-1, The areas checked for leakage iricluded
all TCS B-nuts and fittings, manifold weld area’s , panel inlet and outlet boss

welds, and menifold bellows. No leskage was detected.

The TCS was purged with gaseous nitrogen, then water/methanol fluid was cir-
culated through the system, Water/methanol samples were taken from the fluid
sample pressure valve (system inlet) and the fluid sample return valve (system
outlet) and checked for cleanliness, specific gravity, and temperature. Par-
ticle counts for each micron range were well within the acceptable cleanliness
limits specified, The specific gravity and temperature of the Fluid were
measured with a hydrcmeter and thermometer, respectively, determining that

the water/methanol concentration was within the acceptable mixture range

(delta P testing band).



4,1,2 {Continued)

A differentisl pressure test was conductéd to verify correct system geometry
and proper flow distribution., The test was accomplished by measuring the
differential pressure between the TCS inlet and outlet ports, as well as the
inlet and outlet temperstures, while maintaining a water/methanol flow rate
of T.8 :{-_0.2 gpm, ‘The differential pressure wes recorded as 16,5 psid vhile

inlet and outlet temperatures were recorded at 60°F, each,

The Tinal step consisted of the TCS operation with the servicer at the require
temperatures, pressures, and flow rate while visually checking for the lesksage
of all water lines, internal piping, snd supply and return lines to the TCS,
No leskage was detected, The TCS operation demonstrated that the system vwas

prepared to support prefire checkout activities on the test stand.

There were no revisions recorded against the procedure, ror were any FARR's

generabed as o result of the checkout,



4,1.3 Umbilical Interface Campatibility Check (1BG6L316 E)

Prior to connecting the forward and aft umbilical cables for stage power setup,
thiz memual checkout provided the test seguences which were used to check the
design speciflcations and the conbinuity of the stage wibilicel wiring.
Accomplished by point-to-point resistance checks of all umbiliesl cirecuits,
this test ensured that the proper loads were present on all power buses, and
that the control cireuit resistances Por the propulsion valves snd safgety

items on the stage were within the prescribed tolerances,

The first issue of this procedure was accamplished on 12 Merch 1968, and was
accepted on 1% March 1968, after a revision was written to retest the test
points assoclated with the umbilical cables, Ref. Desig. HOMWAS5TL and LOLWI5T2,
which were incorrectly installed, Issue two was performed and certified as
acceptable on 14 March 1968. A series of resistance checks were made at
specified test points on the signal distribution unit, P/N 1A59949-1, using

test point terminal UY63A1A5-J43FP as the cammon test point for all measurements.

These messurements verified thet all wires and connectiors were intact and of
the proper meterial and wire gauge, and that all resistance values and loads
were within the design requirement limits, The test points, circuit functions,
measured resistances, and resistance limits shown in Test Data Table 4.1.3.1

are from the secondi issue,

Engineering comments indicated that the expected value for test point A2J30-W

should have been shown as _5%';_3,0_9__, , and should have been incorporated in the
nin

procedure when the fuel vent valve open command was changed to show this value.



4,1.3 (Continued)

No FARR's were genersted as a result of the issue one and issue two checkouts.

There were two revisions written to issue one, and one revision was writien to

issue two, as follows:

8, Two revisions chenged terminal callout CB-11-12 to CB-11-2
to correct a procedurel error for both issues,

b.

One revision deleted the test point messurements associated

with the umbilical cables, Ref. Desig. LOUWISJ1 and hohmsae,
which had been interchanged,

4,1.3.1 Test Data Table, Umbilical Interface Compatibility Check

Reference Designation 46342

Test Point

A2T29-C
CB-8-2

CB-9-2

€B-10-2
CB~1l-2
AST2ON
A2T29-P
A2T29-Y
CB-k-2

A2J29-c
A2J29-h

A2729-1

A2J20=-q
A2J30-E

A27330-¥
AZF30~X
A2J530-Y
A2J330-Z

Function

Cmd., Ambient Helium Sphere Dump
Cmd, , Engine Ignition Bus Pwr Off
Cmd, , Engine Ignition Bus Pwr On
Cmd,, Engine Control Bus Pwr Off
Cmd, , Engine Conbtrol Bus Pur On
tmd, , Engine He Emerg Vent Control On
Cnd, , Fuel Tnk Repress He Dump Viv Open
Cmd, , Start Tnk Vent Pilot Viv Open
Ced.,, IOX Tank Cold He Sphere Dump
CGnd., IOX Tnk Repress He Sphere Dump
Cmd, , Fuel Tnk Vent Pilot Vlv Open
{Same, reverse polarity)
Cmd, , Fael Tnk Vent Vlv Boost Close
(Seme, reverse polarity)
Cud, , Amb He Supply Shutoff Viv Close
Cnd., Cold He Supply Shutoff Viv Close
{Same, reverse polarity)
Cmd, , IOX Vent Valve Open
(Same, reverse polarity)
Cmd, , 10X Vent Valve Close
(Seme, reverse polarity)
Cmnd, , IOX & Fuel Prevliv Emerg Close
(Seme, reverse polarity)
Cud,, IOX & Fuel Chilldown Viv Close
(Seme, reverse polarity)
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Meas,

Limit
Obms

10-60

5-100
Inf
5-100
10-60
10-60
10-60
10-60
10-60
10~300
500k min
10-80
SO0k min
10-60
1.5k maz

10-80
500k min

10-.80
500k min

10-80

10-80
500k min



k,1.3.1 {(Continued)

Meas. Limit
Test Point Fuanction Ohms Ohms
A2330-b Cmd,, LOX F&D Velve Boost Close 30 10-40
A2330-c Cmd, , LOX F&D Valve Open 30 10-40
A2J30-d Cmd,, Fuel F&D Valve Boost Close 30 10-40
A2T30~e Cmd,, Fuel F&D Valve Open 30 10-40
A2Tho-F Meas. Bus +4D111 Regulation 120 100 min
A2T35-y Mees, Bus +4D141 Regulation 1050 50 min
A236-AR Sup. 28v Bus +4D119 Talkback Power 80 60~120
Reference Designstion L6341
ASTh1-A Meas. Bus +4D131 Regulation koo 20 min
A5JL41-E Meas, Bus +4D121l Regulation 2,2k 1,6k min
A5JT53-hA Sup, 28v +iD119 Fwd Talkback Pwr 62 60-100

4.1.k APS Interface Compatibility Checkout (1BL9558 B)

Initiated, accomplished, and accepted on 12 March 1968, this manuel checkout
specified and provided instructions for compatibility and continuity test )
requirements that were performed subsequent to insitallation of the auwxiliary
propulsion system (APS) simulators, P/N 1B56715-1, and prior to the operationmal

checkout of stage systems pertinent to APS circuitry.

The check was started with a visual inspection of all plugs and connectors
involved in this test for bent or broken pins and/or other physical defects.
Proper connection between the control relay package, the aft skirt components B
and the APS simulators was verified by point-to-point resistance measurements

as shown in Test Date Teble 4.1.4,1.

There were no shortages or interim use mabterial items installed at the startc
of this test, nor were any revisions made to the procedure. No FARR's were

generated as a result of this test.



h,1.4,1 Test Date Table, APS Interface Campatibility

Common Test Point: Stage Ground

Test Point

hohasiah Jh A
hobasiak Jh B
Loa51AL J4 C
hokasial Jh D
hohasial J4 B
hohpsiak Jh ¥
holasiah Jh ¢
Lokasiph Jh H
Lholkasiak Jh T
Lokasial Jh K
holasial J4 1,
yohasink Jh M
Lolasiak Jh N

Lhohasial Jh P
bohASIAL Jh R
hohasial Jh S
Lokasisk gh T
Lkoha5IAL Jh U
hobasiak Jh v
holkasial Jk w
hobasiak Jh X
Lohasiak Jh ¥
4yohas1Al Jh 7
Loba5IAl Jh a

hohaTiALg Tk
LOLATIALY Jh
LoLATIALG T4
LoUATIAID T4

hoYATIALG T4
hohaTia19 Jh
LokaTiaro Ik

Component Homenclature

414a811 Eng. 1 Valve
h1hABIS5 Fng. 1 Valve
4kABL2 Eng, 1 Valve
L1kABi6 Eng, 1 Valve
L414A813 Bng, 1 Valve
L14ABLT Eng, 1 Velve
Lakp8Th Eng, 1 Valve D

BI4ABLS Eng, 1 Valve 4

1hAT011 Eng. 3 Valve 4
L1hAT0L5 Eng, 3 Valve 1
L1kAT0L2 Eng. 3 Valve C
LIkA1016 Eng. 3 Valve 3
41kA1013 Eng. 3 Valve B
YIUAIOLT Eng, 3 Valve 2
L14A10Th Eng. 3 Valve D
41421018 Eng. 3 Valve L
41hAgLl Eng. 2 Valve A

4ihAQIS Eng. 2 Valve
L1kAQT2 Eng. 2 Valve

oW

kihaogr6 Eng. 2 Valve
L14AQL3 Eng, 2 Valve
h1hAQLT Fng, 2 Valve
L14A0TA Eng. 2 Valve
h1kagr8 Eng. 2 Valve 4

phwWwwar

4154811 Eng, 1 Valve A
1154815 Eng., 1 Valve 1
415A81.2 Eng., 1 Valve C
E15A816 Eng. 1 Valve 3
1154813 Eng., 1 Valve B
4154817 Eng. 1L Velve 2
415581k Eng, 1 Valve D
L15A818 Eng. 1 Velve b
L15A10L1 Eng. 3 Velve A
415A1015 Eng. 3 Valve 1
431541012 Eng. 3 Valve
L15A1016 Eng. 3 Valve
4315A101,3 Eng., 3 Valve
BK15A1017 Eng. 3 Valve
L15A10Tk Bng. 3 Valve
1315A10T8 Bng., 3 Valve &
4154911 Bng. 2 Valve A
L15A915 Eng. 2 Valve 1

o W
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Meas., COhms Limit Ohms
26 25 + 5
26 25 + 5
26 25 %5
26 25 + 5
26 25 + 5
26 S *E5
26 25 +5
26 25 + 5
26 25 F 5
26 25 % 5
26 25 F 5
26 25 F 5
26 2515
26 25 + 5
26 25 + 5
26 25 + 5
26 a5 + 5
26 25 %5
26 285+ 5
26 25 + 5
26 25+ 5
26 25 + 5
26 25+ 5
26 25+ 5
28 25 + 5
28 25 * 5
28 25 + 5
28 25+ 5
28 25 +5
28 25 + 5
28 25+ 5
28 25t 5
28 25 +5
28 25 *+ 5
28 25+ 5
28 25+ 5
28 25 + 5
28 25 5
28 25 + 5
28 25+ 5
o8 25 + 5
28 2 + 5



4,1.h.1 (Continued)

Test Point

LokaTIA1G Jh V
4OhATIALS Jh W
4OUATIAIG Jh X
LOUATIALG Tk Y
Loka71ALS Jh Z
LOhATIALY Jh

LolLal
holiak
holiak
Lolak
Lobak
Lobalk
Lolbal
Lolal
holeah
holkak

Lohak
holak
Lolkal
Lobkalk
Lobal
hobak
Lokak
Lohal
hohaoalé
Loba2A16
Lobpoaté
hohaoa1é

| fo

MO R RIAIRLIY Y99 95999Y
U auiklniFiciolgIgio olslaiBI< I XDl

Component Nomenclature

43150912 Eng. 2 Valve C
43154916 Eng. 2 Valve 3
43154913 Eng. 3 Valve B
43154917 Eng. 2 Valve 2
4354914 Eng. 2 Valve D
1154918 Eng. 2 Valve &

kakasTy

hilkasta

Lakasta

hahalra

h1halin

kikaora

NP NS Pl

Likaaore

Spare

k3154511

L15AS1

Bi5A61

k1548311

hisai1a

hisazra

4350612

LI5A212

Spare

LILATIA Eng. 4 Valve A
LIUATL2 Eng. & Valve 1
415ATL Eng. 4 Valve A
L15ATL2 Eng. 4 Valve 1
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Meas. Ohms®
28

28
28
28
28
28

552
350
555
250
555
550
520
550
Inf
550
550
250
550
220
250
550
550
Inf
935
500
570
570

Limit Ohms
25 + 5
25 + 5
25 + 5
25 + 5
25 + 5
25 + 5

550 - 650
550 «~ 650
550 - 650
550 - 650
550 - 650
550 - 650
550 - 650
550 - 650
10 meg min
550 - 650
550 - 650
550 - 650
550 -~ 650
550 - 650
550 - 650
550 - 650
550 ~ 650
10 ‘meg min
550 - 650
550 - 650
550 - 650
550 - 650



4L.1.5 Stage Power Setup (1B55813 F)

Prior to initiating automatic test procedures, the stage power setup procedure
verified the capability of the GSE autcmatic checkout system (ACS) to conirol
power switching to and within the stage and ensured that the stage forward
end aft power distribution system was not subjected to excessive static loads
during initial setup sequences. After the procedurs was successfully demon~
strated, it was used to establish initial conditions during subsequent auto-

matic procedures throughout STC prefire testing.

The initial attempt, on 14 March 1968, to perform this checkout was success-
Tully completed; however, the removal of severél talkback conhectors for stage
modifications resulted in numerous malfunction printouts. Because of these
malfunction printouts, this sttempt was unacceptable. The second atvempt, on
19 Merch 1968, was also successfully completed; but it was unaccepvable becaus
of numerous malfunction printouts. These malfuncoion printouts were czused by
an error in the paper tape and an uneonnected talkback connector. The third
attempt, on 9 April 1968, to clear the malfunction printouts from the second
attempt was successfully completed; and the procedure was signed Off as
acceptable on 19 April 1968. The following narration and the measursment valu

shown in Test Data Table 4,1.5.1 are from this last run.

The test started by resetting 11 of the matrix magnetic latching relays, then
verifying that the corresponding command relays were in the proper state.

Verification was made that the umbilical connectors were mated end that the IO
and IHs inverters were disconnected, The bu§ 4P119 valkback power was turned

on, and the vrelaunch checkout group power was turned off. The forwerd power
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L4.1.5 (Continued)
The prelaunch checkout group power was turned on, and the current was measured;
then, the DDAS ground station source selector switch was manuslly set to

position 1, and it was verified that the ground station was in synchronization,

The cold helium supply shutoff valve was closed, The aft bus 1, 28 vde power
supply was turned on, and the aft 1 power supply current and voltage were
measured, The aft 1 local sensor and the EBW pulse sensor were verified to be
off., Sequencer power was then fturned on, and its current was measured. The

FTorward and eft battery load tests were turned off and verified to be off.

A series of checks then verified that stage functions were in the proper state.
Forty functions were verified to be off, and twenty-three functions were veri-
fied to be on., The 10X and 1LHp prevalves and chilldown shutoff valves were
verified to be open, and the LOX and IHp vent valves and ill and drein valves
were verified to be closed; then, the forward and aft 5 volt excitation mecdule
voltages, the range safety EBW firing uniit charging voltages, the aft bus 2
voltage, the forward and aft battery simulator voltages, and the component

test power volbage were nmeasured.

The initial condition scan portion of the procedure was then functioned. The
stage talkback power was turned on; and the forward bus 1, the forward bus 2,
and the aft bus 1 voltages were measured. A series of tests then verified that
twenty-six functions were on and that fifty-three functions were off. The 10X
and ILH, prevalves and chilldown shutoff valves were verified to be open. The

LOX and LH2 vent valves and fill and drain valves were verified to be closed.
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4.1.5 (Continued)}

and the af't power buses were transferred to external power. The sequencer
power, engine control bus power, engine ignition bus power, APS bus 1 and bus
2 power, and propellant level sensor power were all verified to be off. The
power to the range safety system 1 and 2 receivers and the EBW firing units
was traunsferred to external and verified to be off. The switch selector
checkout indication enable and the flight measurement indication enable were

turned on.

The forwerd bus 1, 28 vde power supply was turned on, and the forward bus 1
initial current and woltage were measured, The range safety safe and am

device was verified to be in the safe condition,

The TO pound wllage engine relay, the LH, continuous vent valve relay, the Lilp
and LOX repressurizatlon mode relay, the LOX repressurization control valve
relay, and the OpHs burner propellant valve relay were reset. The IHp continu

ous vent and relief overboard valve was verified to be closed.

The propellisnt wtilization boiloff bias was turned off. The O02H2 burner spark
system 1 and 2 voltages were measured and recorded. It was verified that the
OoHp burner LOX valve, IO0X shutdown valve, LHp valve, and the IHp continuocas

vent orificed bypass valve were closed.

The forward bus 1 quiescent current was measured. The PCM system group was
turned on, and the smperage of the PCM system group was measured, The forward
bus 2, 28 vdc power supply was turned on, and the forward bus 2 current and

voltage vere measured. The Forward 2 local sensor was verified to be off.,
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k1.5 (Continued)

The aft and forward 5 volt excitation module voltages, the range safety 1 and
2 EBW firing unit charging voltages, the aft bus, and the forward and aft
battery simulator voltages were measured. Six cammands were verified to be

on, and the PU IH, boiloff bias on indication was verified to be off. The
OgHp burner spark system 1 and 2 monitor voltages were measured; then, the
0oHp burner ILOX propellant and shutdown valve, the OsHo burner IHp propellant
valve and the continuous vent orificed bypass valve were verified to be closed.

This campleted the initial conditions scan portion of the test.

No FARR's were written as a result of this checkout. There were fourteen
revisions written against the procedure for the following:

B, One revislon added ATLCO statements to set switeh selector
chanmel 108, LH, control vent relay orificed open, per ECP
2ok and WRO Lo43,

b, One revision changed FILADD statements to increase the
tolerance for the external stage bus power supply line from
28 +0.5 vde to 28 +2.0 vdc, because it is not possible ‘to
stay within the 28 +0.5 vde. ECP 7848 corrected this
condition,

¢. One revision noted that the malfunction printouts, "The
OpHp burner LOX sled valve not closed," occurred because
the valve was not installed. This malfunction did not
occur on the third attempt because the velve was instaliled
et that time,

d.’ One revision noted that the malfunction printout, "IHp
continuous vent orifice bypass valve not closed,” resulted
because the valve could not close until pneumstic pressure
was applied to the stage. .

e, One revision deleted the envirommental control group power
talkback steps fran the procedure because the parameters
had been deleted per ECP 2057.



L.1.5 {Continved)

fl

&

One revision authorized the second attempt of the stage

power setup and initial conditions scan to verify the proper
talkback through the connectors thet had been removed for stage
modifications.

One revision authorized the rerun of the initial condition
scan portion of the stage power setup, because instead of
deleting steps 2153 and 2154 (see revision "e"), steps 2351
and 2352 were erronecously deleted, This did not efféct the
second. attempt.

Four revisions corrected programuing errors by making COAL
statements.

One revision explained that the SIM interrupts on channels
83 and 84 resulted from troubleshooting on the test stand
before the executive tape was loaded,

One revision explained that the SIM interrupt on channel T2
resulted because the LOX prevalve was not installed,

One revision authorized the rumning of a third attempt fto
clear all malfunctions encountered on previous runs.

Lh,1.5.1 Test Data Teble, Stage Power Setup

Measured—

Function Value Limits
Forward Bus 1 Power Supply Current {amps) L 10 20 max
Bus 4D31 Porward 1 Voltage (vde) 28.08 28 + 2
0oH, Burner Spark System 1 Voltage (vdc) ~-0.0L 0+ 0.5
OoHp Burner Spark System 2 Voltage (vde) 0.00 0t 0.5
Forward Bus 1 Quiescent Current (amps) 1.10 5 max
PCM System Group Current (amps) 2,90 5+ 3
Aft 1 Power Supply Current {amps) 0.20 2 max
Bus 4D11 Aft 1 Voltage (vdc) 27.84 28 + 2
Prelaunch Checkout Group Current (emps) 1.80 1+ 3
Aft 1 Power Supply Curent (amps) 0.10 2 max
Aft 1 Power Supply Voltage (vde) 28,08 28 + 0.5
Sequencer Power (amps) _ -0.20 3 max
ATt Sv Excitation Module Voltage (vdc) 4,98 5 + 0.030
Fwd 1 5v Excitation Module Voltage (vde) 5.01 5 + 0.030
Twd 2 5v Excitation Module Volktage (vde) 5.00 5 + 0,030
Range Safety 1 EBW Firing Unit Chg Voltage {vdc) 0.00 0F1
Range Safety 2 EBW Firing Unit Chg Voltage (vdc) 0.00 0 E 1
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4.1,5.1 (Continued)

Function

Bus DUl Aft Bus 2 Voltage (vdc)

Bus UD30 Fwd Battery 1 Voltage (vdc)
Bus kD20 Fwd Battery 2 Voltage (vde)
Bus 4D10 ATt Battery 1 Voltage (wvdc)
Bus 4DU0 AFt Battery 2 Voltage (vdce)
Component Test Power Voltage {vde)

Initial Conditions Scan

Function

Forward Bus 1 Voltage (vde)

Forward Bus 2 Voltage (vde)

APt Bus 1 Voltage (vde)

ATt 5v Excitation Module Voltage {wvdce)
Forward 1, S5v Excitation Module Voltage (vde)
Forward 2, 5v Excitation Module Voltage (vdc)
Range Safety 1 EBW Firing Unit Chg Voltage Evd_c)
Range Safety 2 EBW PFiring Unit Chg Voltage (vdc)
Bus 4D41 ATt Bus 2 Voltage (vdc)

Bus 4D30 Fwd Battery 1 Voltage (vde)

Bus 4D20 Fwd Battery 2 Voltage (vdc)

Bus 4D10 Aft Battery 1 Voltage (vde)

Bus LDMO Aft Battery 2 Voltage (vdc)

Camponent Test Power Voltage (vdce)

0oBp Burner Spark System 1 Voltage (vdc)

OoHp Burner Spark System 2 Voltage (vdc)

Measured
Vealue

Measured
Value

28,00
27.88
28.00
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},1.6 Stage Power Turnoff (185581k E)

The stage power turncff procedure was used for automatic shubdown of the stage
power distribution system, returning the stage to the de-energized condition,
after campletion of the various system checkout procedures during prefire test-
ing of the stege. Tke procedurs deactivated stage relays so that ro current
flowed from the battery simulators through the stage wiring., All internal/

external transfer relays were set to the external condition.

The first demomstration of this procedure was accomplished on 14 March 1968;
however, it was unacceptable because several malfunctions occurred during the
initial conditions scan as the valves associated with the parameters checked
were not installed. The second demonstration of this procedure was asccom-
plisked satisfactorily on 20 March 1968, Stage power turnoff measurement
values for the second demonstration are tabulated in Test Data Table h.31.6.1.
Following this, the stage power turnoff procedure was used to shutdown the
stage at the conclusion of the various automstic checkouts conducved during

prefire operations,

The autcmatic stage power turnof? was sbtarted with verificatioa that the
umbilical connectors were mated and that the flight messurement indication
ensble was turned on, The bus 4D119 talkback power; the forward pus 1 and
aft bus 1, 28 vdc power supplies; and the sequencer power were all verified to

be on., 'The forward bus and aft bus 1 voliages were then nessured.

Switch selector functions were then turned off, and a series of checks verified
that the stage electrical Tunctions were in the proper state of off or reset.

The Torward and aft bus power supplies were verified as off, and the forward
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k.1.6 (Continued)

and aft bus battery simulator voltages were measured. Stage buses were then
transferred to external power, and the forward and aft stage bus voltages were
measured. The EBW pulse sensor power was turned off, and the range safety
receivers and EBW firing units were transferred to external power., The range
safety system safe and arm device was verified to be on safe, and the bus
4119 talkback power was turned off. The matrix magnetic latching relays

were ‘then reset, completing this demonstrastion run for stage power turnoff,

There was one disecrepancy recorded by FARR 500-026-341 against this test for
demaged connector P53 on wire harmess LOLA3WL., The connector was replaced and

the system verified (refer to revision item "i"),

Twelve revisions were recorded to the procedure for the following:

a, One revision to attempt 1 and 2 added ALCO statements to
set switch selector channel 108, ILHo control vent relay
orificed open, per ECP 2424 and WRO LOL3.

b, One revision suthorized the running of a second attempt
to verify that the malfunctions cbtained on run 1 had
been corrected.

¢. One revision to sttempt 1 and 2 noted that the printout,
"the OpHz burner LOX shutdown valve not closed,” occurred
because the valve was not installed, This malfunction was
corrected and subseguently verified on 9 April 1968, during
stage power setup procedure 1B55813F.

d. One revision to sttempt 2 deleted the TM envirommental
control group power talkback steps from the procedure
because the parameters had been deleted per ECP 2057 and
WRO 378,

e. One revision to attempt 1 and 2 noted that the printout,
"LH2 continuous vent orificed bypass valve not closed,"
oceurred because the valve could not close until pnewmatic
pressure was applied to the stage. This malfunction was
also corrected when pressure was applied to the stage, and was
verified on 9 April 1968, during stege power setup proce-
dure 1B55813F.



k,1.6 (Continued)
f, Two revisions to ettempt 2 corrected programming errors by
making COAL statements,
e One revision to attempt 2 authorized deletion of the period
counter echo checks due to inability to comply with the
execubive progrem without additional wiring in the response
conditioner, N
h, One revision to attewplt 2 authorized changing the 2-second
flip-flop sense code in the compubter inbterface unit to
incorporate the manual conirol detection and ground instru-
mentation system inberface conbrol modifications,
i. One revision to attempt 1 noted that the printout, "IHo and
LOX repress mode relay reset not om," occurred because
connector P53 of wire harness MOWA3IWL was damaged. The
connector was repsired per FARR 500-026-341 and reverified
during attempt 2.
J. One revision to attempt 1 noted that the printout, "Oplp
burner LH2 prop valve not closed,” oeccurred because the
valve was not installed., This malfunction did not ccour
on attempt 2 because the valve was installed at that time.
K. One revision to abttempt 2 noted that the malfunciions
during initisl condiitions were corrected as noved in
items "e" and "e" during stage power setup 1BS5813F
on 9 April 1968,
k,1,6,13 Test Data Teble, Stage Power Turnoff

Function Measurement Limits
Forward Bus 1 Voltage, Power On gvd.c) 27.96 28 + 2
Aft Bus 1 Voltage, Power On (vde 28,00 28 F 2
OoHgy Burner Spark System 1 Voltage (vde 0.03 O+ 0
OgHp Burner Spark System 2 Voltage {vdcg 0.01 6F0
Forward Bus 1 Battery Simulator Voltage (vdc; ~0,0k 0% 2
Forward Bus 2 Battery Simulator Voltage {vdc 0.00 0+ 2
Aft Bus 1 Batbery Simulator Volitage gvd.c) 0.0k 0+ 2
Aft Bus 2 Battery Simulator Voltage (vde) 0.00 0T 2
Forward Bus 1 Voltage, Power Off gvdc) 0.08 0OF 1
Forward Bus 2 Voltage, Power OFf {vde) 0.00 0F1
Aft Bus 1 Voltage, Power Off (vdcg 0,0k 0¥ 1
ATt Bus 2 Voltage, Power Off (vde 0,00 0x1
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4,1.7 Power Distribution System (1855815 F)

The automatic checkout of the stage power distribution system, during prefire
operation, verified the capability of the GSE to control power switching to
and within the stage and determined that initial static loads within the stage
were not excessive, The procedure verified that particular stage relays were
energized or de-energized, as required, and that bi-level talkback indications
were recelved et the GSE. Stabtic loading of the various stage systems was
determined by measuring the GSE supply current before and after power on of

each system,

The power distribution system test was conducted twice during prefire operstions
on 19 March 1968 and 15 May 1968. The first attempt was unacceptable due to the
LOX chilldowm inverter phase voltages being out-of-tolerance, The discussion

that follows and the measurements listed in Test Data Teble 4,1.7.1 are limited

to the final test on 15 May 1668,

The initial conditions scan was conducted per the stage power setup, HXCO
1855813 , &nd initial conditions were established for the test. Sterting with
engine control bus power on, the current differential for the aft 1 power
supply was measured., The engine control bus voltage M6 was measured and deter-
mined to be within tolerance, The APS bus power was turned on, and again the
coryent differentlal for the aft 1 power sdpply vas measured. This operstion
was repeated for the engine ignition bus by measuring aft 1 power supply
current differential and engine control bus voltage M7. The engine ignition

bus power and APS bus power were then turned off and verified.
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4,1.7 (Continued)

The engine safety cutoff system (ESCS) power wes turned on, and the af't 1 power
supply current measured. The component test power was turmed on, and the aft 1
power supply current differential and component test power voltage were measurer
The ccmponent test power was turned off and verified to be off by measurement

of the voltage., ESCS power was then turned off,

To check the emergency detection system (EDS), verification was made that the
EDS 2 engine cuboff signal turned off the engine control bus power, prevented
it fram being turned back on, and also turned on the instrument unit (IU) range
safety 1 EBW firing unit arm and engine cuboff signal, The engine control bus
voltage was measured during this check and again after the check with the bus
turned back on, Verification was made that the EDS 1 engine cutoff signsl
turned on the nomprogrammed engine cubtoff signal and the AC multiplexer engine
cutoff signal indication (XK13), With the EDS 1 engine cutoff signal turned off,

the engine ready bypass on signal turned off the nonprogrammed engine cutoff

. sigpal and the A0 multiplexer engine cuboff signel indications.

The propellant point level sensor test was started by turning on the propellant
level sensor power snd measuring the resulbting current differentisl for the
Porward 1 power supply. UWext, each of the four LH, tank and fouz: LOX tank poinm
level sensors was verified to respond to simulated wet condition on coammands
within the allowable 300 milliseconds tolerance. A series of checks verified
that a dry condition indieation from any two point level sensors in either taunk
obtained by simulsted wet condition off commands, resulted in the required

engine cutoff signal., For the dry condition of LOX tank point level sensors
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k1.7 (Continued)

1 and 2, the 10X depletion engine cutoff timer value was measured to determine
engine cutoff signal delay time, Each of the point level sensors was verified
to respond to simmlated wet condition off commends within the allowable 300

milliseconds tolerance. This completed the point level sensor testing.

verification was made that the engine cutoff command turned on the AQC multi-

plexer engine cutoff signal indication (K13), the engine cutoff indication

(K140}, end the engine cutoff; and that the nomprogrammed engine cutoff
indicetion was not turned on as a result of the engine cuboff on command,

With the engine cutoff commend turned off, K10 was.verified as off while K13,

engine cuboff, Temained on until $urned off by the enginé resdy bypass.

The propellant utilization (PU) inverter and electronics power supply current
differentials were measured while power was momentarily turped on. The PCM RF
assembly power wes turned on, the RF group was verified to be on, the power
supply differential cun"en'b was measured, and the PCM RF transmitter output
wattage was measured through the AO and BO miltiplexers., With the telemetry
RF silence commend turned on, the RF group was verified to be off; the PCM RF
transmitter output wattage was messured through the A0 multiplexer; the switch
selector output monitor voltage (K128) was measured with the PCM RF assembly
power; and the switch selechbor read commands 1 and 2 turned on, With the
telemetry RF silence command bturned off, the RF group was verified to be

on; and the PCM RF transmitter oubput wattage was again measured through the

AD multiplexer.
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k1,7 {Continued)

The rate gyro voltages were manually verified to be 28,0 +2.0 vde with gyro
power turned on and 0.0 +2.0 vde with gyro power turned off, The aft 2 power
supply was verified to be within the 56.0 +1.0 vdc tolerance, Bus 4DI41, 56
volt supply was turned on; the voltage was measured; and the eft 2 power supply
current was measured, The aft 2 power supply local sense indication was veri-
fied to be off, The chilldown pump simulator was connected to the IOX and LHs
chilldown inverters; and for each inverter, meesurements were made of the
current dravw, the phasze voltages, and the operating frequency. The inverter
voltages and frequencies were monitored and measured through hardwire and

telemetry.

A series of automstic checks verified the operation of the external/internal
.transfer systemn for forward buses 1 and 2 and &ft buses 1 and 2, The battery
similstor voltages and the electrical support equipment load bank volvages
were measured initially; then, the power bus voltages were wmeasured with the
buses transferred to internal, and the bus locel sense indicabtions were veri-
fied to be off, The bus voliages were measured again with the buses transferre
back to extermal, and the battery simulator volbtages were measwred with the
simulators tuwrned off, The aft bus 2 voltage was then measured with the bus

power supply ‘turned off,

A series of checks verified that the switch selector register was operating
properly and that the instrument unit 28 vdc power supplies were on, Power
was turned on to the range sefety receiv-e:cs after they were transferred to
external power, and the resulting GSE power supply current differentials were

measured. The range safety EBW firing units were verified to be on when they
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4,1,7 (Continued)
were transferred to external power and momentarily turned on., This completed

the power distiribution test.

There were no part shortages affecting the test and no problems resulting in
+he initistion of FARR's. A total of eighteen revisions were recorded in both
issues of the procedure as follows:

a. Five revisions corrected program errors.

b, Two revisions deleted portions of the procedure that were no
longer regquired,

c, Two revisions explsined that the out-of-tolerance condition of
the LOX chilldown inverter phase voltages, during The first
gttempt, was due to an error in the inverter simulator signal
volbage ratios. Adjustment of the simulator resulted in a
successful recheck during the second attempt.

d. T™wo revisions esteblished a delay between the turnon of the
LOY chilldown inverter and measurement of the inverter output
frequency to allow sufficient time for the relay set to pull in
prior to frequency measurement,

e, One revision adjusted the bus voltage safety item monitor level
to 30,5 vde to allow for power transients that occur when the
PU electronics and inverter power was turned on., After the
turnon was accomplished, the level was returned to the nominal
28 vde setting,

f. One revision added the statement, "This procedure is to be
accomplished per the Vehicle Safety Brochure, Beta-STC," to
the safety procedure paragraph.

Do One revision changed the performance of the stage power setup
from before to after loading of the execubive and DDT programs.,

h. One procedure explained two malfunctions that occurred during
the initial condition scan as follows:

1, 'The OoHo burner I0X shutdown valve {alkback was not
present, due to the velve not being connected electrically.

2, The Lis conbinuous vent valve closed talkback was missing
because the pnewnstic lines were not comnect to the valve,
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.1.7 (Continued)

i.

Ja

k.

These functlons are checked only during the initial condition
scan and are not regquired for successful accomplishment of
this procedure,

One revision reran 8 section of the test to verify proper LOX
chilldowm inverter output freguency.

One revision explained that a SIM interrupt on channel 22 was
due to an operstor error.

Because of extensive stage modification, one revision authorized
the second attempt of this procedure to veritfy the LOX chill-
down inverter phase voltages afber rework and recslibration

of the inverter simuiators,

4,1.7.1 Test Data Table, Power Distribution System

Fanction Messurement Linits

Engine Combtrol Bus Current (amps) 0,300 2+ 2
Engine Comtrol Bus Voliage (vdc) 27.845 *  Bus 4D1L + 1
APS Bus Current {amps) 0,700 1.2 %3
Engine Ignition Bus Current {(amps) 0.699 OF 2
Engine Ignition Bus Voltage, On (vdc) 27.845 *  Bus 4DIL ¥ 1
Engine Ignition Bus Voltage, Off {vdc) 0.000 0% QA5
Component Test Power Currernt (amps) 0.1400 0x2
Component Test Power Voltage, On {vdc) 27.958 28+ 2
Component Test Power Voltage, OFf (vdce) 0.560 0F*1
Engine Comtrol Bus Voltage, EDS 2 On (vdc) 0.000 0 T 0.450
Engine Conbrol Bus Voltage, EDS 2 Off gvdc) 27,876 ¥  Bus LDil + 1
Propellant Ievel Sensor Power Current (amps) 0.000 1=2
10X Depletion Engine Cutoff Timer (sec) 0.550 0.560 + 0.025
PU Inverter & Electronics Power Current (amps) 3.700 3+2
PCM RP Assembly Power Current (amps) 3.500 4.5 ¥ 3.0
PCM RF Transmitter Output Power, A0 (watts) 22,366 10 min
PCM RF Transmitter Output Power, BO (watis) 22,366 10 min
PCM RF Trensmitter Output Power, A0 T/M RF

Silence On (watts) -0,118 02
Switch Selector Oubpub Monmitor, X128 (vdc) 2.133 2 ¥ 0.k25
PCM RF Trensmitter Oubput Power, A0 T/M RF

Silence Off (watts) 22,099 10 min ~
Aft Bus 2 Current Eamps) ~0.199 5 mex
ATt Bus 2 Voltage (vde) 56,078 56 + 1

¥ In Tolerance, Actual Voltage Limits Not Specified
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k,1.7.1 {(Continued)

Chilldown Inverter Tests

Function

Inverter Current (amps)

Phase AB Voltage, Hardwire (vac)
Phase AC Voltage, Hardwire (vac)
Phase A1Bl Voltage, Hardwire (vac)
Phase AlCl Voltage, Hardwire {vac)
Frequency, Hardwire (Hz)

Phase AB Voltage, Telemetry (vac)
Phase AC Voltage, Telemetry (vac)
Frequency, Telemetry (Hz)

Function

Forward Battery 1 Simulator Voltage (vde)

Forward Battery 2 Simulator Voltage (wvde)

Aft Battery 1 Simulator Voltage (vdc)

Aft Battery 2 Simulator Voltage (vdc)

Bus 4D20 ESE Loed Bank (vde)

Bus 4D40O ESE Load Bank (vde)

Bus 4D30 ESE Load Bank (vdc)

Bus LD10O ESE Load Bank (vde)

Forward Bus 1 Voltage-Internal (vdc)

Forward Bus 2 Voltage-Internsl (vdc)

Aft Bus 1 Voltage-Internal §vdc)

Aft Bus 1 Voltage-External (vde)

ATt Battery 1 Voltage (vdce)

ATt Bus 2 Voltage-Internal (vde)

ATt Bus 2 Voltage-External (vdc)

ATt Battery 2 Voltage (vde)

Forward Bus 1 Voltege-Extermal (vde)

Porward Battery L1 Voltage (vde)

Forward Bus 2 Voltage-External (vde)

Forward Battery 2 Voltage (vde)

Aft Bus 2 Voltage, Off (vdc)

Range Safety Receiver 1 External Power
Current (amps)

Range Safety Recelver 2 External Power
Current (amps)

LOX Inv, LH2 Inv,
19.399 22,399
55.211 # 54,951 *
55.691 * 55.082 *
55.082 * 54,821 *
s5h,601 ¥ 54,951 *

401.0 L400.00
55.132 * 54,932 *
55.266 ¥ 54,865 %

00.2 400.00

Measurement
28.2h
28,04
28.00
55.92

* 1In Tolerance, Actual Voltage Limits Not Specified
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4.1.8 Level Sensor and Comtrol Unit Celibration (1BMHULT3 D)

This manual procedure determined that the control units associated with the
LOX and LHo liquid level, point level, fast fill, and overfill sensors were
adjusted for operating points within the design calibration 1imits, The
particular items involved in this test are noted in Test Data Taeble 4.1,8,1.
The procedure was initially accomplished on 22 March 1968; and due to the
replacement of the LHo probe and rework of the 10X probe, reverification by a
second and third issue was required on 1% May 1968 and 20 June 1968, respec-

tively.

A point level sensor manual checkout assembly, P/I\I 1B50928-1, and a variable
precision capacitor, General Radio Type 1h22¢D, were connected in parallel with
the sensor 10 provide capacitance changes to each control unit simwlating sensoz
wet conditions for calibrations and to establish the control uailt operaving
point., These calibration capacitances were 0.7 +0.0l picofarads for all LHp
sensors, except the LHs overfill sensor, which regquired 1.1502 picofareds;
and 1.5 i0.02 picofarads for all LOX sensors, except the LOX overfill sensor,
vwhich required 2.1 +0.02 picofarads. With the control unit power turned om,
the comtrol unit comtrol point adjustement Rl was adjusted wmtil the coatrol
unit output signal changed Trom O +1 vde to 28 +2 vde, indicating activation of
the control unit output relay. The capacitance of the precision capacitor was
then decreased until the control unit output signal changed to O +1 vde, indi-
cating deactivation of the output relsy; then increased until the output signal
changed back to 28 +2 vde, indicating reactivation of the output relay, The

deactivation and reactivation capacitance values of issue two for the Lio
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4,1.8 (Continued)
sensors and of issue three for the 10X sensors were recorded in Test Data Table

4,1.8,1 with the appropriste minimum and maximum capacitance limits,

A series of checks then verified the operation of the output relay test func-
tion. With the associated sensor disconnected, the control unit output relay
was verified to be deactivated under both normasl and test conditions, With the
sensor connected, the relay was verified to be deactivated under normal condi-

tions and activated under test conditions.

There were no parts shortages that affected this test. No problems were
encountered during the test, nor were any FARR's written, There were eighteen

revisions made to the three issues for the following:

a. Eight revisions sdded the requirement to disconnect the
calibration unit and reconnect the liguid level control
unit, to ensure that the power conmector was returned to
flight configuration after sensor calibration,

b. Three revisions specified turning off stesge power when dis-
connecting and reconnecting specific power connectors, as
it was not necessary to have power off for the calibration
of all sensors,

c. 'Three revisions required that the P(M RF assembly power be
turned off during sensor calibration, as the sensor circuits
in the Torward interstage are susceptible to RF interference.

d. Two revisions deleted sections of the test that were not
reguired for the second issue.

e, Two revisions deleted sections of the test that were not
required for the third issue.
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%,1,8,1 Test Data Table, Level Sensor and Control Unit Calibration

Function

Lo Tank

Lig Lev L1T
Lig Lev L18
Liq Lev 119

Pt Iev 1
Pt Lev 2
Pt Lev 3
Pt Lev 4
Fastfill
Overfill

¥ Part

Fuanction

LOX Tank

Lig Lev L1k
Lig Lev L15
Lig Lev 116

Pt Lev 1
Pt Lev 2
Pt Lev 3
Pt Tev bk
Fastfill
Overfill

Sensor Control Unit Deactivate Reactivavce
P/N 1A68T710 P/N 1A68710 Cap (pf) Cap (pf)
Ref. Dash Ref, Dash

Ioc. P/N S/N Loc. P/N S/¥ Meas  Min Meas  Mex
k08 b

MT732 507 D6 ARIA21T ~509 €21  0.5995 0.5 0.6042 0.9
MF733 -507 D50 A6lA219 -509 €23 0.6059 0.5 0.6083 0.9
MT73F -507 D79 AGlAS2T .3509 Ch 0.5028 0.5 0.5032 0.9
A1l -507 D28  A92A25 -509 €36 0.5662 0.5 0.56T4 0.9
A2C2  -507 D34 A92826  -509 ChT  0.6243 0.5 0.626Lk 0.9
A2C3 =507 D37 A92A27 509 (7 0.6740 0.5 0,70k0 0.9
A2ck  -507 DLO  ABIAZ01 -509 €18 0.5990 0.5 0,6003 0.9
A205 -1 D112 A92Ak3 -509 k3 0.6708 0.5 0,6785 0.9
* * *  Agaspli o509 okl 1,080 0.9 1.088 1.3
of LHp Mass Probe, P/N 1Ak8431-509, S/N DhC2, Location 408AL
Sensor Control Unit Deactivate Reactivate
P/N _1A68710 P/N 1A68710 Cap (pf) Cap (pf)
Ref, Dash Ref, Dash

Ioc. P/N S/ Iloc. P/ S/N Meas Min Meas  Max
408 kol —

MT657 -1 DLIL A63AP23 511 C3 L.hk2 1.2 Lohes 1,7
MI658 w1 D115 AR3AZ06 511 ¢1 1.383 1.3  1.3875 1.7
MI659 -1 Difl 4634221 511 C2  1.436 1.3 1L.khko 1.7
A201 -1 E79 AT72AL -511 CT 1.328 1.3 1.3 1.7
AP0 -1 131l AT72AD ~511 €11  1.%28 1.3  L.Lb32 1.7
A203 -1 kT  AT2A3 =511 (6 L.hBE3 1,3 W5 1.7
A2Ch -1 E163 A63A227 -511 ¢k LWL 3,3 1,850 1.7
A2CS -1 E10L AT2A5 -511 C8 i.332 1.3 1..33% 1.7
*¥% -1 #%  ATeak o511 €9 1,93 1.9 1.93:k 2.3

#% Part of LOX Mass Probe, P/N 1Ak8430-511, S/N c2, Location 40GAL
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4.1.9 Common Bulkhead Vacuum System {1B49286 J)

The purpose of this manual checkout, initiated on 22 March 1968, was to ensure
thet the common bulkhead, P/N 1A39309-501, was free of leakage conditions and

acceptable for propellant loading and static acceptance firing of the J-2 engine,

The test stand vacuum system was isolated from the stage system, and the test
stend system set up for checkout. The vacuum pump was operated for 10 minutes,
then shut off, After a 15 minute delay, the vacuum system pressure was recorded.
At intervals of 1 hour, the pressure was monitored for a pressure rise. No in-

crease in pressure was nobted over an 8-hour span.

The test stand system was reconnected to the stage, and preparations for a 96~
hour pumpdown of the common bulkhead were made. The evacuation supply was set
to evacuate the bulkhead, the vacuumn supply and vacuum pump were turned off,

and the purge supply and sample supply were verified to be closed., Verification
was made thet measurement D545, the bulkhead transducer, P/N 1BhO242-501, was
installed and electrically connected to the monitoring strip charts in the Test

Control Center.

It wes verified that the common bulkhead quick-discomnect assembly, P/N 1B41065,
was properly instalied and engaged. Two sample bottles, P/N 1R71532-1, were in.
stalled at positions 1 and 2 on the sample bottle rack and sealed into place.
The vecuum supply switch was turned on, After 10 minutes, the evacuation sup-
ply switch was set to evacuste the bottles; and sampie supply switch number 1
was opened. After 5 minutes, sample supply switch number 1 was closed; the
evacuation supply switch was set to sample the bulkhead; and sample supply

switch number 1 was re-opened, After 1 minute, sample supply switch number 1
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k,1.9 {(Continued)

was closed; and the evacuation supply switch was set to evacuate the bulkhead.,
Bulkhead pressure was monitored every hour Tor 6 hours with no pressure rise
noted, Upon completion of the 6-hour check, the evacuation supply switch was
set to evacuate the botiles; and sample supply switch number 2 was opened.
After & lapse of 5 minutes, sample supply switch mumber 2 was closed; the
evacuation supply switch was set to sample the bulkhead; and semple supply
switch number 2 was opened for 1 minute, then closed, The number 1 and 2
sample bottles were removed from the sample botile rack and shipped to Material

and Methods - Research and Engineering (MM-RE) for analysis.

After 96 hours of vacuum pumpdown, the vacuum supply switch was turned off;
the evacuation supply switch was sei to evacuate the bottles; then, the
h8-hour bulkhead decay check was started. The indicated bulkhead pressure at
the start was recorded as 1.0 psia, and no decay in bulkhead pressure was
noted. During the decay check, a setup wvas made for the argon purge vest., A
bottle of 99.95 per cent pure argon was comnected to the bulkhead GNo supply
line, The bulkhead GNo purge hand valve was opened, the evacuation supply
swltch was set to evacuate the bulkhead, and the purge supply regulator was
set to 2,5 psig., The argon purge was run for 24 hours, After 2 hours, the
argon purge was completed; the argon bottle was removed; and the bulkhead

vacuum system was secured.

The bulkhead leak check was accomplished next. Bulkhead pressure was deter-
mined to be 13.8 psia. The IOX tank was pressurized to 30 +1 psia, and the

LH, tank was pressurized to 25 *+1 psia. This pressure was mainctained for 12
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4,1.,9 {Continued)

hours, while the bulkhead pressure was monitored. No increase in bulkhead
pressure was noted, indicating that the bulkhead was free from leakage. The
propellant tanks were vented to amblent, and this checkout was certified as

acceptable on 12 July 1968.

Engineering comments revealed that there were no part shortages and no interim
use material items installed at the start of this test. No FARR's were written

as a result of this checkout.

There were 8 revisions written to the procedure for the following:

8. One revision deleted the requirement to turn on the Model
T91A eircuit breakers at the power panel on the sixth deck,
because the circuit breakers were not located there. This
revision also deleted the reférence to circuit breakers 21
and 22, which had been entered in error in the procedure,
and added cireuit breaker 19.

b, One revision closed purge supply hand vaelve 182, instead of
opening it, in order to comply with vacuum pumping require-
ments, -

¢, One revision added the step to commect the hand system to
the stage, This step was inadvertently omitted.

d. One revision corrected the procedure paragraph numbering
for paragrephs %.3.15, 4.3.17, %.3.19, and L4.3.20.

e, One revision provided instructions for the removal of the
argon regulator because it was needed on the Beta I Test
Stand for coldflow evaluation tests.

f. One revision provided instructions for securing the argon
purge because coverage was not available on the third
shift,

g. One revision provided instructions to record the bulkhead
pressures during the static firing 96-hour pumpdown to
checkout the transducer For measurement D545,

h., One revision authorized securing the bulkhead pumpdown
over a weekend to eliminate the need for a monitor,
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4,1,10 Stage and GSE Manual Controls Check (1BT0L77 F)

This procedure defined the checkout required to certify manusl mode control of
the components in the propulsion GISE and stage systems. Prneumabtic regulstors
and valves in consoles A and B, the IHpo and IOX control skids, and the pneu-
matic regulators on the stage were manually functioned, Manual control verifi.
cabtion consisted of supplying electrical and pneumetic signals to system

camponents and checking for the proper response,

The checkout was initiated on 25 March 1968 s and verified as complete on
28 June 1968, The first section of the test certified that sll GSE valves

were functioning properly. Verification of proper operation was made by telk-

back indication and audible means,

A check of the stage mounited ccmponents was accomplished next. All stage purge
hend valves were closed, and it was verified thatv the LH, and LOX pressure
spheres were isolated in accordance with H%CO 1BT0k22, From the siage supply
panel, the control helium shutolf valve was closed and the convrol helium bottle
Till valve was opened until the control helium sphere pressure reached 125

psig, within the tolerance of 100 _:%-_25 psig; then, the helium sphere velve

was closed. The control heliwm bobtle dump valve was opened unclil the sphere
pressure decayed to ambient; then, “the control helium bottle dump valve was
closed. The control helium shutoff valve and the control helium bottle £ill
valve were opened, then it was verified thal the control helium regulator dis-

charge pressure was stabilized at 500 +50 psig.
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4,1.10 {Continued)

On the mainstage panel, the LOX and LH, chilldown valves and the LOX and LHp
prevalves were cycled, At the LHs control panel, the tank £ill and drain valve
and the tank vent velve were cycled. The LHp tank vent boost and the fill and
drain boost were cycled, and the directionasl vent was placed in the flight

position, then, returned to the ground position.

At the LOX control panel, the tank vent valve, the cold helium shutoff valve,
and the LOX £ill and drain valve were cycled. The tank vent boost and fi1ll and

drain valve boost were cycled.

The engine control bottle dump, the cold helium dump, the start tank dump,
the LOX repressurization dump, the LH, repressurization dump, and the control

helivm bottle £ill on the stage supply panel were cycled.

An LH, and LOX umbilical purge interlock check was accomplished next. At the
LHo control panel, the LHp, £ill and drain valve and the LHp wmbilical drain
valve were verified to be closed., The IH, umbilical purge valve was then
opened, and talkback indication was verified, The LH, £ill and drain valve
was cycled, and it was verified that the LH, wmbilical purge valve opened and
closed. Verirication was made that operating the LH, umbilical drain valve

also operated the LI, mnbilical purge valve.

On the LOX control panel, the LOX emergency drain valve was opened, and the LOX
£ill and drain and the LOX wmbilical drain valves were closed. The LOX
umbilical purge valve was positioned to open, and talkback indication was

verified. The LOX fill and drain and the LOX umbilical drein valves were
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4,1.10 (Continued)
cycled to verify that the LOX umbilical purge valve opened and closed as the

drain valves were functioned.

To begin the test shutdown, the helium supply hand valve in console "A" was
closed, the stage 1 bleed valve was opened, and the stage 1 line pressure

was verified to be ambilenit; then, all systems were bleed down to ambient.

The checkout of the engine valves hegan by eunsuring that the start tank pressure
the LOX and ILH» tank pressures, and the engine control bottle pressure were
ambient and that the chilldown shutoff valves and the prevalves were closed.

It was then verified that the flight measurement ensble indication was on.

The engine control package power, the component test power, and the component
test sub-bus power were turned on. The helimm contrsl solencoid was energized
for 1 second after the J-2 engine sequence oscillograph was turned on; then,

the sclencid was de-energized, the osclllograph was tourned off, and the solenoid

was re-energized. The LOX and LHp bleed valves were opened, the engine control
helium bottle was pressurized to 750 +50 psig, the line regulator discharge
pressure was verified to be 350 i25 psia; then, the LH, and LOX bleed valves

were closed.

Next, the J-2 engine sequence oscillogreph was turned on; the igaition phase

solenoid, the mainstage solenoid, and the start bank discharge valve solenoid
were cycled; then, the oscillograph vas turned off. The engine control botile
pressure was bled to ambient, and the helium control solenoid was closed, The
engine control package power, the ccmponent test power, and the component test
sub-bus power were turned off. The chilldown shutoff valves and the prevalves

were then opened.,
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( Continued)

During the operation of this procedure, two FARR's were genersted to repair

two GSE valves in console A, Since these were not stage valves, no further

discussion of the FARR's 1s given in this report. There were fourteen revi-

sions written against the procedure for the following; however, one revision

was voided:

a.

b,

C.

i.

One revision added instructions to verify proper operation of
the engine sled valves.

One revision changed the procedure callouts for the LHo and
I0X repressurization velves enable switch position from
closed to enable, to agree with the panel nomenclature.

One revision changed the procedural pressure units (psig and
psia) to agree with the pressure units indicated by the test

gauges,

One revision closed the GHo bleed valve to ensure that there
would be enough supply pressure for the test. With the GHo
bleed valve open, approximately 200 psig supply pressure was
lost.

One revision deleted the requirement to check the helium
shutoff valve backup switch and added a step to open and close
the control helium bottle f£ill valve, as required, to maintain
500 to 550 psig in the control helium bottle,

One revision added steps to permit the prevalves and chill-
dowvn shutoff valves to cycle, pending reinstallation of the
GSE backup solencid,

One revision provided steps to adjust the LH, sled replenish
valve,

One revision added instructions to obtain LH, and IOX prevalve
and chilldown shutoff valve timing information per WRO L4155.

One revision deleted the step to close the Onlly burner LOX
propellant valve, because the valve had been deleted and the
O02H2 LOX shutdown valve had been reidentified as the OgHo
burner LOX propellant valve.

One revision deleted the requirement to check the GHp lead

ignitor hand valves because it had been accomplished per
another procedure.
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4,1.10 (Continued)

k. One revision deleted the requirement to vent the system to
ambient in order to rerun the test as the normal pressures
would be acceptable.

1, One revision deleted the requirement to check the ILOX shutdown
valve with the OsHp LiHp propellant valve, as it was no longer
plumbed to the LH, propellant valve actuation module.

m., One revision deleted the requirement to check the GNp ejector,
as the checkout had been accomplished per another procedure.

4,1.,11 Cryogenic Temperature Sepsor Verification (1BMAT1 E)

The calibration and functional capabilities of the cryogenic temperatbure
sensors, for which the normal operating range did not inelude embient tempera-
ture, were verified by this manual procedure, The sensors, basically platimm
resistance elements, indicated changes in temperature as their resistance varied
with changes in temperabure, in accordance with the Callender-Van Dusen

equation,

There were three issues of this test procedure, The first issue was success-
fully sccomplished on 26 March 1968, and accepted on 7 May 1968. A second
issue was performed and accepted on 13 May 1968. This issue was necessary
because the fuel mass probe had been reworked in accordance with WRO %183, and
three OpHp burner votinmg circuit temperature sensor measurements were added in
accordence with WRO's 2887 and 3431, After the LOX tank feedthrough inspection
work was performed in accordsnce with WRO 4373, the third issue was satisfac-

torily accamplished on 21 June 1968, to reverify the LOX zank sensors.
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4.1.11 (Continued)

Fach sensor was tested at ambient temperature., Using the values for resistance
at 32°F and sengitivity, which were given for each individual sensor, the
expected resistance at room temperature was calculated, The actual resistance
was required to be within 5 per cent of calculated resistance, except for
eleven specified sensors wvhich were allowed a T per cent tolerance, The sensor
wiring was verified to be correct by shorting out the sensor element, measuring
the continuity resistance, and by verifying that this was 5.0 olms or less.
Test Data Teble 4.1.11.1 shows the measured and calculated values for each

gsensor involved in this test.

Engineering comments indicated that there were no parts shortages affecting
this test. No problems were encountered during the test, no FARR's were

written, and the checkout was accepted by Engineering.

Revisgions were made to the three issues as follows:

Issue 1: 'Pwo revisions were written against issme 1, The second
revision cancelled the first revision beceause it was
accanplished in the second issue (reference issue 2,b.).

Issue 2: a. One revision added three measurements for the OoHo
burner voting circuit to verify sensor integrity.

b, One revision deleted all sensor measurements, except
those for the OpHp burner voting circuit sensor and
the temperature sensors for the fuel tank, as shown
in the Test Data Table.

Issue 3: One revision deleted all sensor measurements, except
those for the LOX tank, as shown in the Test Data Table.
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Test Dats Table, Cryogenic Temperature Sensor Verification

Meas, Sensor Temp Resistance {ohms)
Number P/N S/ Ref, Desig. (°OF) Mess, TAmits
€O 003  1B344T73-1 1kt ho3wmé8e 61 kot Lok7.0 %o 5691,0
0 00k 1B3UHT3-50L 339  h03MTE8T €0 1460 111.7 vo 1560.3
€O 005  1AAT863-503 915  LosSMThl2 61 520 505.3 to 558.5
0 009  1AARTB63-535 705  LO3MTE53 63 o1k 202.9 to 224.3
0 015 1A67863-509 1087  L10MT603 62 1513 1418,0 to 1577.0
0 oo  1aAT7862.505 580 LO6MTA13I¥* T2 1542 1426,6 to 1576.6
0 052  1A67862-513 309  LoBMméiz 55 5230 4885,0 to 5621.0
CO 057 1A6T862-501 51207 LOOMT606 *¢ 72 555.5  517.0 to 5T71.0
O 059  1A67862-517 582  LOEMTE1L %% T2 557.5 517.0 to STL.0
00 133 NA5-27215T5 13533  hOL(3MTTL7) 60 1280 1266.8 to 1400,0
00 134 MAS5-2721575  1361%  hOL(3MTTiE) 60 1290 1266.8 to 1400.0
€0 159  1A67863-519 88Lk  LohMT610 63 215.6 202.9 to 224.3
CO0 161  1A6T863.537 1096  holamr3s 63 koot 4968,0 to 5714.0
00 208 1A57863-503 863  LOSMIEOS 61 520 505.3 to 558.5
0 230 1A6T7863-509 1127 ho3Mrroé 61 1436 1133.3 to 1564.7
0 231  1A67863.529 1067  403MTT0T 59 523 503.3 to 556.1
0O 256  1B37878-501 1426  hoomrehé 61 s ik, 5 to 1564,5
00 257 1B37878-501 1500  hooMwelT 61 73 11k, 5 to 156h.5
€O 368  1A6T862.505 k33  LOGMIGRO ** T2 1517 1ho6.6 to 1576.6
CO 369  1A67862-505 L8  OGMTEE1 *% T2 1540 1426.6 to 1576.6
0 370  1A67862-533 612  ho8wrr3s * 55 5230 41885,0 tc 5621.0
0 371 1A67862-533 617 LoBwrT36 * 55 5000 41885.0 to 5621.0
C 2030  1B37878-511 179 LoLMTTE0 59 517.5  503.3 to 556.1
C 2031 1®37878-511 1481 Lolmrrél 59 525.5 503.3 to 556.1
+ 1B37878-507 1694  Lho3a20 % 63 500.0  4957.0 to 5715.0
+ 1B37878.507 1700 Lo3am1 % 63 5053 ho67.0 to 5715.0
t 1B37878-507 1711 ho3zase % 63 5055 4967.0 To 5715.0

*  Issue 2
*¥* Issue 3
+ NASA Measurement No. Not Applicable to OgH, Burner Voting Circult

81



4.1,12 Hydreulic System Setup and Operation (1B41005 B)

The purpose of this manual procedure, initiated on 27 March 1968, and completed
on 10 July 1968, was to ensure that the hydraulic system was correctly filled,
flushed, bled, and maintained free of contaminants during the hydraulic system
operation, The hydraulic system pressures and temperatures were checked for
proper operational levels, the hydraulic system transducer circuits were tested
for correct operation and response characteristics, and the J-2 engine opera-

tional clearasnce In the aft skirt was established.

Proper operation of the auxiliary hydreulic pump, P/N 1A66241-511, S/N Xh5k59k;
the hydraulic actustor assemblies, P/N's 1466248-507-011, S/N's 84t and T1l; the
main hédraulic pump, P/N 1866240-503, S/N X457811; and the accumulator/reservoir
assembly, P/N 1B29319-519, S/K 00029, were verified during checkout activity.

There were no part shortages affecting this test.

Prior to operstion of the stage hydraulic system, the hydraulic pumping unit
(wprU), P/N 1A6ThL3-1, was checked to ensure that the hydraulic fluid met the
cleanliness requirements. The HPU was connected to the stage, utilizing the
pressure and return hoses; and the hydranlic fluid was cirecunlated through the
stage hydraulic system to ensure that the system was properly filled. Hydraulic

fivid samples were teken and certified to be free of contaminants.

The accumulator/reservoir was charged with geseous nitrogen, and the stage air
bottles were charged to a pressure of 475 +50 psig. The HPU wes turned on;
and the pressure campensator turned in the INCR direction until the system
hydraulic pressure gauge indicated no further increase in pressure, but was

less than 4h0OO psig., The stage hydraulic system was then checked for leaks.
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h,1.12 (Continued)

On completion of the leak check, the pressure compensator on the HPU was turned
in the DECR direction until the stage hydraulic system pressure reached 1500 +5
psig. The HPU bypass valve was opened, and the stage system pressure was
further reduced to 1000 +50 psig. The auxillary hydraulic pump was turned on

and verified to be operating properly.

With the midstroke locks installed on the hydraulle actuators, the vernier
scales were edjusted to read zero, them the midstroke locks were removed.

The HPU was turned on, and the hydravnlic system pressure was brought up to

3650 +50 psig. The pitch and yaw vernier scales were read, and the values were
recorded in the Test Data Table. The HPU was turmed off, and the midstroke

locks were reinstalled.

The engine deflection clearance check was accomplished next., The gimbal
control unit (GCU), P/N 1850915, was installed and set wp per HX(CO 1B53382.
The J-2 engine bellows probective covers were removed; and the platform
extension, P/N J.BTO620, was removed from the engine srea, The 5-2 engine
restrainer and the hydraulic actuator midstroke locks were removed., After

an inspection of the engine area for possible interference poinits, the HPU
was turned on; and the stage system pressure was brought up to 1000 psig. The
pitch and yaw contrcls on the GCU were turmed in the revract and exvend direc-
tions., As the controls were moved, it was verified that the pitch and yaw
actuators moved in relation to the direction and smplitude of the controls.

By returning the pitch and yaw controls to center, the actuators were positicnel
to center; and the EPU was turneé off., The midstroke locks and the J-2 engine

bellows protective covers were reinstalled.
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h,1.12 (Continued)

Verification and setup of the stage and test control center bhydraulic system
instrumentation was started by turnming on the HFU and adjusting the pressure
campensator until the system hydraulic pressure gauge indicated the desired
pressure readings, These readings were used to support verification of the
system pressure for parameter D549, The reservoir oil level was checked at

zero and one hundred per cent by parameter ISOE.

Preparations for the engine gimbsl test were started by setting the pitch and
yaw manual controls on the GCU to the center position and turning the GCU off.
The HPU was turned off, the GCU was disconnected from the actuators, and the
stage electrical cables were comnected to the actuators. The midstroke locks
were remo*J:ed, and it was verified that the engine area was clear for engine
gimbaling tests. The HPU was turned on, and the system pressure increased to
3650 +50 psig. Various signals were applied to the pitch and yaw actuators R
and the resultant voltages were noted and recorded. Upon completion of this
series of tests, the HPU was turned off; and the midstroke locks and J-2 engine

bellows protective covers were reinstalled,

A check to determine the pressure decay of the stage air supply was next., The
stage air bottles were charged to 450 psig. After a 2k hour period, the pres-

sure was remeasured and found to be 450 psig.

An instrumentation setup was made to provide telemetry parameters for computer
interrogation during the hydraulic system automatic checkout. Telemebtry con-
nections were made to the reservoir oil pressure transducer, the reservoir oil

level transducer, and the pump inlet temperature transducer. After completion
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h,1.12 (Continued)
of the hydraulic system aubtomatic checkout, these parameters were disconnected

and the hardvire csbles were recomnected.

The final engine deflection clearance check was accomplished next., This test
provided for gimbaling the engine to its travel extremities and checking the
clearance between engine, séage, and test stand structure, with particular
emphasis on the clearance of the electrical csbles. This section was not
performed until the final cable installations and the wrapping had been come-
pleted. The GCU wes reinstalled, and the engine bellows protective covers
were removed. The test stend platform extension was removed from the engine
area. The restrainer links and midstroke locks were removed, The suxiliary
hydraulic pump was turned on and verified to be operating normalily., The
pitch manual control and the yaw manual conbrol on the GCU were varied, and
the engine deflection test was repeated. After completion of the fest, the
awriliary hydraulic pump was turned off; and the midstroke locks and vellows
protective covers were reinstalied. The GCU was disconnecied and removed, and

the stage electrical. commectors were reconnected te the actuators.

The simulated static f‘iring support test was acccomplished next. This check-
out was required to simulste the engine driven hydraulic pump flow capabilivies
during simnlated static firing. The HPU was turned on at T+500 seconds of
terminal chilldown and firing, and the hydraulic system pressure was set at

3650 psig. After simulated engine cutoff, the HPU was turned off.

FARR A261833 reported that subsequent to system shutdown, hydraulic oil was
noted on the pitch actuator, P/N 1A66248-507, S/N Th. The discrepant actuator

was removed and replaced with S/N 8,
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(Continued)

Eighteen revisions were made to the procedure for the following:

&,

b,

Ce

€.

Je

k.,

Four revisions authorized the taking of hydraulic fluid
samples after the BPU had been comnected to the hydraulic
system for more than 48 hours.

Two revisions concerned trouble shooting to investigate =z
possible leak on the pitch actuator.

Two revislons specified the retest required to verify proper
operation of the hydranlic system after replacement of the
pitch actustor per FARR A261833.

Two revisions performed a special test to check for a
suspected GNo lesk in the hydraulic accumulator,

One revision edded the requirement to remove the platform
extension, P/N 1B70620, fram the vicinity of the engine
prior to removal of the midstroke locks,

One revision changed the temperature versus fluid volume
chart to increase the volume of hydraulic fluid frasm the
bydranlic reservoir during final air content checks, to
allow for thermsl expansion.

One revision set up the HPU to suvpport the debugging run
of the static firing program.

One revision changed the system high pressure from 3700 psig
to 3650 psig, to keep the pressure well under the SIM interw
rupt value of 3900 psig.

One revislon eclarified procedure wording.

One revision corrected an error in the procedure,

Two revisions were required to update the procedure to the
lstest configuration,
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k,1,12,1 Test Data Table, Hydraulic System Setup and Operation

Test Description

Actuator

Instmmentation
Support

Stage Air Bottle
Decay Check

Instrumentetion Actual Required
Name Location (in) (in)
Pitch Pitch 0 0
Vernier Actuator
Yaw Yaw o} 0
Vernier Actuator
Position Voltage
Pitch Acbustor TCC 0 2,506 vde
Position (deg.) +1 2,1616 vdc
+2 1,8146 vde
+1. 2.1722 vde
O 2.5120 vde
Pitch Actustor TCC 0 2.5120 vde
Position (deg.) -1 2.8511 vde
-2 3.19%0 vde
-1 2,8k vac
O 2.5057 vde
Yaw Actuator TCC 0 2.5057 vde
Position (deg.) +1 2.8682 vde
+2 3.2130 vde
+1 2.8690 vac
0 2,5185 vde
Yaw Actuator TCC 0 —— 2,5185 vdc
Position (deg.) -1 2.1756 vde
-2 1.8340 vde
-1 2,1837 vde
0 2.5167 vde
Air Bottle Stage Start 50 psig *
Pressure 1300
k.2.68
Stop 450 psig *
1300
4-3-68

* TLimits Not Specified
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4,1,13 Digital Date Acquisition System Calibration (1B55816 F¥)

This procedure provided the manual and awbamatic operations for the checkout
and calibration of the digital data acquisition system (DDAS) end prepared the
system for use, The integrity of the DDAS was verified from data inputs
through the various multiplexers and the PCM/DDAS assembly to the DDAS ground
station, The items imvolved in this test were the PCM/DDAS assembly, P/N
1B65792-1, S/N 680005k, which replaced P/N 1B65792-1, S/N 6700092; the (P1.BO
time division multiplexer, B/N 1B65897-1, S/N OT; the DP1-BO time division
multiplexer, P/N 1B65897-1, S/N 05; the remote digital submultiplexer (RDSM),
P/N 1B66051-501, S/N 05; and the low level remote analog submultiplexer (RASM),

P/N 1B66050-501.1, S/ 06.

Two issues of this procedure were required to satisfactorily complete prefire
calibration of the DDAS, Issue one consisted of two test attempts with the
first being initiated on 28 Merch 1968, and continued on 29 Merch 1968,
Attempt one was interrupted to rework the RDSM-for comnector and pin damage
per FARR A261830 after investigation of RDSM test malfunction indications,
After the RDSM rework, attempt one was then resumed and ccmpleted on 1 April
1968; however, chanmel malfunctions during the RASM test made a repeat test
for the submultiplexer necessary, The malfunctions were attributed to
incomplete electrical installation and improper adjustment of the Fluke
voltmeter. Attempt two was a successful RASM test on 3 April 1968, completing

successful DDAS calibration testing,

A second issue of the procedure was necessary due to the replacement of the

PCM/DDAS assembly, S/N 6700092, It was removed to test Stage 505N snd was
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replaced by S/N 6800054, The new PQM/DDAS assembly was successfully tested
on 10 Mey 1968, All measurements guoted in this narrabive are taken from the
final prefire test, with the exception of the RASM portion which was not
required to verify correct operabion of the new PCM/DDAS. The Tollowing is e
description of the individual 1;:ests conducted with reference to finasl measure-

menbs,

The stage power was turned on per H&CO 1B55813, and initial conditions were
established for the stage and DDAS. The 72 kHz bit rate check was made on the
PCM data train to ensure thet the frequency was within tolerance. The T2 kHz
bit rate was measured as 71,980 bits per second, within the limits of 11,975
to 72,025 hits per second. The 600 kHz VCO test was accomplished by measuring
the bend edge frequencies and voltages of the P@»{/DDAS VCO output., The upper
band edge frequency was measured at 629,8 kHz at 3,6 vims, within the accep-
teble limits of 623,2 kiHz to 642,2 kHz, et greater than 2,2 vrms. The lower
band edge frequency was meassured at 564,5 kHz at 3.6 vrms, within the accep-
table limits of 556.8 kHz to 576.8 kHz, at greater than 2.2 vims, The frequen~
cy differential was calculated as 65.3 kHz, within the acceptable limits of
60 to 80 kHz,

The next tests performed were the automatic flight celibration checks and the
individual multiplexer checks of the (P1~.BO and DPl-BO multiplexers., The out-
puts of the multiplexer data channels were recorded for each of the calibra-
tion and input levels of 0,000, 1.250, 2,500, 3,750, and 5.000 vdc. All

channels measured during the final tests were within the required tolerances,
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The RDEM was verified by inserting signal levels equivelent to ones (20 vde)
and zeros (0 vdc) into the RDSM imput circuits and by checking the outputs at
the camputer for a digital word of corresponding ones and zeros. The RASM was
verified by inserting signal voltages, O to 30 miliivolts, which were ampli.
fied to an output range of 0 to 5 volts, corresponding to the O to 30 millivolt
range input, A1l measured outputs for the finsl BRDSM and RASM tests were

within the required tolerances.

A Tinel test measured the PCM/FM transmitter current as 3,4 amperes, within

the 4.5 +3.0 emperes limits,

Problemns documented by FARR's in the procedure were limited to the RDSM rework

per FARR A261830, as previously deseribed.

Fourteen revisions were recorded in the procedure for issue one, and six

revisions in issue two as follows:

Issue 1:

a, One revision substitubed & battery and varisble resistors for
the specified power supply in a test setup to eliminate varia-
tions encountered during previous testing with the power supply.

b. One revisilon corrected an error in test ceble commections
specified by a test sebup schematic,

¢, One revision deleted the Model DSV-4B-232 telemetry consocle
from the end item reguirements list, as it no longer exists
in the Beta test ares.

d, One revision concerned stege power setup changes and malfunc.
tion indications which had no bearing on DDAS calibration
testing and are identical to those described in paragraph
4,1.5, stage power setup,



4,1,13

(Continued)

e, Six revisions were changes to shutdown the autamatic progran
and then restart at & later time due to the RDYM rework and
test scheduling,

f. Two revisions explained SIM interrupts that were received
dne to concurrent testing,

g. One revision discussed an error message received due to a
procedural error, :

I, One revision authorized test abttempt two to rerun the RASM
test after correction of the causes for test malfunctions,

Issue 2:

a. One revision indicated that issue two was required ormly to
test the new PCGM/DDAS assembly; and therefore, deleted RASM
setup and testing, which was not appliceble.

b, One revision repeated revision "e¢" of issue one,

c. One revision corrected a procedure error,

d. One revision updsted the procedure to incorporate the latest
stage configuration requirements.

e, One revision explained an error message that was received
because of concurrent repair work on the model DSV-LB-208
gystem status displsy.

f. One revision indicated that a DPL-BO multiplexer chanunel

malfunctlion cccurred due to an improper ground connection,
After correction, the DPLl-BO multiplexer test was repeated
sgtisfactorily without malfunction,
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1,1k (Continued)

Stage integrity checks performed pickup and dropout pressure tests on the con-
trol helium regulator discharge pressure switch and the cold heliwm regulator
backup pressure switch. Audible lesk checks were conducted on the cold and
ambient helium systems, the engine spheres, and the stage tanks by pressurizing
the engine control bottle to 350 _-_!—_50 psig, the start tank to 250 _-_l-_SO psig, the
LOX tapk to 5 pslg, and the IH, tank to 3 psig. At the campletion of the above
audible leak checks, stage integrity checks were continwved by pressurizing the
control helium bottle to 3100 +100 psig, the start tank to 800 +25 psig, the
cold helium spheres to 1500 iSO psig, and the engine control bottle wo

3015 +100 psig. These pressures were maintained for 5 minutes; then, the LOX
and LH, tanks were pressurized to reliefl bressu.re vhile the veat valves were

allowed to perform three relief eycles.

One condition of leakage was noted at the cold helimm fill line Beaut, The
leak was repaired by retightening the B-aut to the proper vorgue value, IIS
363180 reported that the LHp start tank would not hold pressure., Investigation
revealed that the LH, contimous vent valve had been left open during a previous
checkout., The valve was closed, no further problems were encountered, and this

section was setisfactorily completed.

The ambient helium system leak and flow check was accamplished next. This
section began with an orifice flow verification of the purge system, a reverse
leask check of the valves, and a lesk check of the purge system. An internal
lesk check of the ambient helium £ill module and the pnewmstic power control

module was performed next, Then, the ambient LOX and IH, repressurization
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41,14  (Continued)

system was functioned and checked for internal leskage., The ambient LHp
repressurization module backup check valve was checked for reverse leakage,
then the ambilent repressurization system was lesk checked. The control
helium system was funectioned and checked for leskage. The pneumatic control
system was locked up and checked for pressure decay over a 30 minute perilocd.
Twelve conditions of leaksge were noted during this checkout., Seven were
corrected by retightening the unions and B-nuts; three required new seals; one
was acceptable as the leskage rate was below the maximm allowable; and one
leak required replacement of the I0X £ill and drain valve, P/N 1ah8240-505 s

S/N 0009, per FARR A261835,

The engine start system leak and functional checks included & drying seduence
for the start tank vent valve actumtor, a seat leak check of the start tank
control solenoid valve, and a reverse leak check of the start tank fill

check valve. Leazk checks were performed on the GHp start system, the start
tank dump-control solenoid seal, and the vent and relief valves and valve
bellows, Start bottle retention tesis were conducted to measure the start
bottle decay by calculating the pound—mass/hour-—loss. One leak was noted, and

repair was accomplished by retightening a B-nut.

The IH, pressurization and repressurization system leak and functional check-

outs included & functional check of the OpHp burner IHp repressurization control
valves, a reverse leak test of the OpHp burner LHp check valve, and leak checks
of the repressurization system and the OsH2 burner LHo repressurization control

valve seat and pilot bleed valve, This section also perfomed a& reverse leak
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k1,14 {Continued)
test of the fuel pressure module check valve and the LHy prepressurization

check valve, All tests were satisfactorily completed,

Thrust chember leazk checks included a lesk check of the thrust chamber system,
reverse leskage of the engine LOX dome purge check valve, and flow checks of
the main fuel and oxidizer valve drive and idler sheft seals, This section
also covered reverse leakage of the thrust chamber jacket purge check valves.
Two conditions of leaksge were noted during this section. One was repaired by
replacement of a seal and rebightening of the union. FARR 500-026-472 reported
a small fuzz leak at weld 003A on the LOX dome purge inlet., This leak was

repalired by rewelding the seam,

The LOX pressurization and repressurization system leak and functicnal checks
performed a reverse leak check of the cold helium sphere fill check valve, an
internal leak and funciionasl check of the IOX pressurization module, a LOX
pressurization system lesk check, a leak and Tunchbional check of the 0sHp
burner LOX repressurization system, a LOX repressurization system leak check,
and a cold helium system leak check, One condition of leakage noted during

these checks was corrected by replacing a seal.

Leak checks were then verformed on the LOX tank, the OgHo burner, and the
engine 10X feed system. Tnternal leak checks of the engine feed system checked
for seat leaksge of the LOX prevalve and chilldown shutoff velve, the engine
LOX bleed valve; the eugine main oxidizer valve, and checked for reverse leak-
gge of the LOX chilldown rebturn check valve, Then the L0 tank and the engine

feed system were lesk checked. The IOX tnurbopump was checked for breskawsy
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41,1k (Continued)

torque and running torque and for primery seal. leskage, The LOX chilldown pump
purge flow checks included checks of the LOX chilldown pump purge flow and
chilldovm pump purge bypass flow, set leakage check of the chilldown pump purge
module shuboff valve and the chilldown pump purge dump valve, seal leakage
checks of the chilldown pump shaft (in the pump direction and in the tank

direction), and a general leak check of the chilldown pump purge system.

Then the IOX prevalve shaft seal was lesk checked with the prevalve opened

and closed., The TO0X £ill and drain valve wes checked for seat leakage., Next,
leak checks of the LOX wmbilical end the main £ill and replenish valve seat
were performed, Seat leskage checks of the OgHo burner LOX propellant valve
and_the O/l burner IOX propulsion valve, and a leak check from the LOX tank to
the OgHp burner LOX propellant valve were performed, Four conditions of leak-
age noted during these tests were correct by replacement of seals and retight-

ening.

Lesk checks were then performed on the LH, tank, the Ogis burner, and the
engine 1H, feed system. Internal leak checks of the engine feed system checked
for seat leakage of the LH, prevalve and chilldown shutoff valve, the engine
LH, bleed valve, the engine main fuel valve, and checked for reverse leakage

of the IH, chilldown return valve, The LH, engine pump drain check valve, the
LHo tuz:bine seal cavity purge check valve, and the LOX turbine seal cavity
check velve were checked for reverse leakage. The LHo engine punp intermediate
seal was checked for leekage. The LHz engine pump drain check valve was also

checked for forwerd flow. Then the LHo tarnk and the engine feed system were
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4,1,k (Continued)
lesk checked, Next, the LHp turbopump was checked for breskeway and running

torque and was checked for primary seal leakage,

The LHp prevalve shaft seal was lesk checked with the valve opened and closed.
The IHp Till and drain valve was checked for seal leakage, Ieak.checks of the
IH, umbilical and the main Till and replenish valve seat were performed., Then
leak checks of the Ogliy burner 1IH; propellant valve seat and the LOX shutdown
valve seat were mede, as well as a gemeral leak check of the OpHy propellant
system, Six conditions of leskage were noted., Three required retightening and

three required the installation of new seals.

Leak a:ud flow checks of the engine gas generstor (GG) and exhaust systea were
conducted next, and included reverse leak checks of the GG IHp purge check
valve, the GG LOX purge check valve, and the GG 10X poppet. Leak checks of the
sbart tank discharge valve gate seal. and the hydraulic pump seal were conducted.
A bleed flow check of the ILHp and LOX turbine seal cavity was conducted, Gen-
eral leak checks of the GG and exhaust system and the pressure actuated purge
system were also conducted, Two conditions of leskage were noted, One vas
corrected by the replacement of a seal, and the other was acceptable as the

lesk rate was below the mexcimum,

Engine pump purge leak and flow checks performed a regulation check of the
engine pump purge module discharge pressure, measured the seat leakage of the
engine pump purge valve, checked the purge flows of the LOX and LHp cturbine
seal cavity bleed exits and the IHo pump drain test port, and verified the GG
fuel purge flow of the Lip turbopump access. All engine pump purge lesk

checks were sabisfactorily caupleted,
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4,1.1t  (Continued)

Leak and flow checks of the engine pnewmatics included the heliuwm control
solenoid energlzed leaek checks, the LOX intermediate seal purge flow checks,
the ignition phase solenoid energized leak checks, the start tank discharged
valve solenold energized leak checks, the mainstage control solenoid energized
leak checks, the pressure actuated purge system leak checks, and the engihe
control bottle £ill system lesk checks. Also the engine control bottle reten-
tion tests were conducted to determine the control bottle decay by calculating
the pourd-mass/hour-loss. Three conditions of leaksge were noted during this
sectlon. One was corrected by retightening a B-nut, one required a new seal,

and the third necessitated a rewelding ocperation by Rockeldyne personnel.

LOX and IH, vent system leek and flow checks included leak checks of the non-
propulsive vent ducting; the nonpropulsive vent and ground system vent; the LOX
end LHp vent systems; the LOX vent and relief, and the relief valve internal
leakage; the ILH, vent and relief, relief, and the directlonal vent valve
internal leskage; and an actuator piston lesk check of thé LHp directional vent.
-Seven conditions of leskege were noted during this section., One was repaired

by retightening a B-nut, and six were repaired per FARR AZT0691.

As a result of this checkout, three FARR's were generated for the following:

a, FARR A261835 noted that the 10X £ill and drain valve, P/N
1AL8240-505, S/N 0009, leaked at the closing solenoid vent
port. The leskage rate was Loo scims , 88 compared to the
meccimum allowable leakage of 2 sclms., The valve was removed
end replaced,

b. FARR A2T0691 reported six lesks on the LOX nonpropulsive vent

ducts, P/N's 1B69220-1 and 1B59223-1l. The ducts were removed,
and the flange surfaces were reworked,
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4h,1.1k  {Continued)
c. FARR 500-026-472 noted & small fuzz leak &t weld CO30A on

the 10X dome purge indet of the J-2 engine. The leak was
repaired by rewelding the tube assembly,

There were ninety~seven revisions written against this test procedure for the
following:

2. Forty revisions corrected and/ or sdded requirements that
were in error or missing,

b, Thirteen revisions added steps to acaulre Engineering data
or install temporary lesk check installations.

Ce Ten revisions were incorporated to leak check hardware
vwhich was replaced subsequent to its systems leak checks,

d., Ten revisions deleted or changed sections that were not
required or were affected by stage configuration or were
postfire requirements,

e, Eight revisions repeated lesk checks and/or test require-
ments previously accomplished,

f. Five revisions added the steps required to support stage
modifications or parallel procedures.

& Three revisions were needed to relurn eguipment and/ or
stage herdware, being utilized in support of parallel pro-
cedures, to lesk check configuration.

h. Three revisions provided a helium purge during R/NAA welding
on the J-2 engine,

i. Two revisions were requlred to clarify procedure wording.
Je One revision provided instructions for a boli torque check.
K. One revisioﬁ was written and subsequently voided.,

1, One revision authorized transferring steps not accomplished

and leaks not corrected to the final postfire leask check
procedurs.
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4.1.14,1 Test Data Table, Propulsion Lesk and Functional Check

Cold Helium Fill Module Rellef and Internsl Leaksge Checks

Function Measurement Limits
Relief Valve Cycle 1 Cycle 2 (Cycle 3
Cracking Pressure {psig) 3025 3255 3225 *
Reseat Pressure (psig) 3175 3175 3175 *
Internal Leak Check at 3100 + psig
Relief Valve Seat Leakage (scim) 0 5 max
Dump Solenold Seat Leskage (scim) 0 5 max
(Pilot Bleed & Seat - Cambined)
Internal Teak Check at 500 +50 psig
Relief Valve Seat Leakage (scim) 0 12.5 max
Dump Solenoid Seat Leakage (scim) 0 12,5 max
(Pilot Bleed & Seat - Cambiped)
Calip Pressure Switch Ieak Checks
Function Measurement Limits
Mnstg Press Sw G/O Cireuit Decay (psi) 0 5.0 max/5 minutes
LOX Press Sw C/0 Circuit Decay (psi) 0 0.5 max/5 minutes
LHp Press Sw C/0O Circuit Decay (psi) 0 0.5 max/5 minutes
Low Press Sw G/0 Circuit Decay (psi) 0 5.0 max/5 minutes
Eng Mnstg Press Sw Diaph Decay:
Initial (psig) ko1.0
Final (psig) 398.0
Decay (psi) 3.0 10.0 max/15 minutes
Stage Integrity Checks
Function Measurement Limits
Control He Reg Disch P/S: Runl Rum?2 Run 3
Pickup Press (psia) 603.0 605.0 605.0 600 + 21
Dropout Press (psia) 479.0 478.0 h79.0 koo ¥ 31
Cold He Reg Backup P/8: -
Pickup Press (psia) kb2, 7 héo.7  L6o.T ki to k91
Dropout Press (psia) 3%k, 7 34k, 7 34,7 329 to 376
LOX ‘Pank Relief Cycle {psia) 43,1 k3.3 k3.3 41 to kb
1Ho Tank Relief Cycle (psia) 36.9 36.9 37.0 3L to 37

¥  ILimits Not Specified
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h.1.14.1 (Continued)

Amblent Helium System Flow Checks

Function

LOX Tnk Ullage Sense Line Purge (scim)
LOX F&D Vlv Microsw Housing Purge (scim)
LH, F&D Vlv Microsw Housing Purge {scim)
Nofipropulsive Vent Duct Purge (scim)
Contin Vent Med Purge (scim)

Orifice Bypass Vlv Microsw Purge (scim)
Contin Vent Duct Purge {scim)

Purge System Check Valve Reverse Leak Checks (P/N 1B51361-1)

Measurement

330.0
lo 5
1.7

250.0

45,0
1.6
200.0

Check Valve Function §[£I
LOX Vent Purge (scim) 323
LOX Fill & Drain Purge (scim) 325
LHp Fill & Drain Purge (scim) 345
Lo Vent Purge (scim) 31k

Measurement

0
0
0
0

E
ot
[l

o+ -
) L)
MR

8
I+ w1+ v+

PP
(T IRV B SN SR

=
(W3]
0o

Limits

10 maex
10 max
10 max
10 mex

Ambient He Fill Module Internal Leak Checks (P/N 1A57350-507, S/N 0233)

Function

Cneck Valve Reverse Leakage (scim)
Dump Valve Seal Leakage (scim)

Amblent He Spheres Fill System Check Valves Reverse Leask Checks

Measurement

0
0

(5/X 1851361-1)
Function §[_I_I

LOX Repress Mod Check Viv (scim) -
LHo Repress Mod Backup Check

Valve (scim) 338
1Hp Repress Mod Check Viv (seim) -
He ¥ill Mod Backup Check Valve

(scim) 3h2

Measurement

0

0
0

0

Ambient Repress Module Control Valve Functional Checks

LOX Repress System

Funetion

Cont Viv (L3) Seat Leakage (scim
Cont Vlv (L2} Seat Leskage (scim

¥ Limits Not Specified
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Measurement

Limits

0
.0

Limits

10 max

10 max
10 max

10 max

Limits

¥ %



L,1.1k.1  (Continued)

Function Measuremeni Limits
Module Dump V1v Seat Leskage (scim) 0 *
Mod Dump Vlv Pilot Bleed (scim) 0 %
Mod Dump Viv Seat & Pilot Bleed Leakage {scim) 0 9 max
Cont Viv (L2) Pilot Bleed Leakage (scim) 0 *
Cont Vlv (L2) Seat & Pilot Bleed Leaskage (scim) 0 9 max
Cont Vlv (13) Pilot Bleed Leakage (scim) 0 *
Cont Viv (L3) Seat & Pilot Bleed Leakage (scim) 0 9 max
IHo Repress System

Fanction Measurement Limits
Cont Vlv {L3) Seal Leakage (scim) 0 *
Cont Vlv (L2) Seat Leskage {scim) 0 *
Module Dump Viv Seat Leakage (scim) 0 *
Module Dump Vlv Pilot Bleed Leskage (scim) 0 *
Mod Dump Vlv & Pilot Bleed Seat Lkg (scim) 0 9 max
Mod Cont Viv (L12) Pilot Bleed Lkg (scim) 0 *
Cont Viv (L2) Seat & Pilot Bleed Lkg (scim) 0 9 max
Cont Vlv {L3) Pilot Bleed Leakage (scim) 0 *
Cont Viv (L3) Seat & Pilot Bleed Leakage (scim) 0 g max

Pneumatic Power Control Module Internsl Leak Check (P/N 1B55200-505, S/N 1054)

Function Measurement Limits
Control He Shubtoff Seat Leakage (scim) 0.0 10 nax
Control Module Reg Lockup Press {scim) 535.0 550 max
Actuation Control Module Checks (P/N 1B66692-501)
Module Function S/N Normal Open Closed Limits
OoHp Burner LOX Viv Control (scim) 83 o. 0 6 max

2 0
O2Hp Burner LHz Viv Control (scim) 95 0 0 0 6 max
Orificed Bypass Vlv Control (scim) gk 0 0 0 £ max

Normel Open  Boost

LOX Vent Valve Control (scim) 82 0 0 0 6 max
LH2 ¥ill & Drain Vlv Control (secim) g0 0 0 0 6 max
10X Pill & Drain Vlv Control (secim) 92 0 0 0 6 mex
1Hp Vent Valve Control (scim) g6 0 0 0 6 max

*  Limits Not Specified
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4,1,14.,1  (Continued)

Module Function

LHo F&D Act Seal Lkg %Scim)

LOX F&D Act Seal Lkg (scim)

LH» Cont Vent Act Piston & Shaft
Seal Lkg (scim)

Cont Vent Bypass Shubtoff Viv Act
Lkg (scim)

LOX Shutdown Act Piston & Shaft
Seal Ikg {scim)

Bi-Directional Vent Valve Control

Prevalve/Chilldown Valve
Control (scim)

Prevalve Control (scim)

Chilldown Valve Control (scim)

Pneumstic Control System Decay Checks

83
92

ol
95

93

Function

Reg Disch Press ~ Valve Pos,
Normal (psig)

Reg Disch Press - Valve Pos,
Activeted (psig)

Engine Start Tank Leak Checks

Function

Vent Control Solenoid Seat Leakage (scim)
Initial Fill, Check Valve Reverse Lkg (scim)

Vent & Relief Valve Seat Leakage (scim)

Dump Valve Bellows Leakage (scim)

Bottle Decay (Delta M) (1lb-mass/hr)

LHz Repressurization System Leak Checks

Function

OsHy Burner Control VIv Seat Leakage (scim)
OoH, Burner Control Viv Pilot Bleed Lkg (scim)

*  Limits Not Specified
+ Reference FARR-A261835
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Open C_lgs_@ Limits
0 0 2 max
koot 5.2 2 max
0 0 20 mex
o} 0 5 max
0 0.48 20 max

Wormal Flight Ground

o) 0 0 6 max
Normal Closed
0 - 6 max
- 0 6 max
0 6 max
Measurement Limits

Initial Final

551.0 548,0 *
534,0 491.0 *
Measurement Limits
0 10 max
9] 2 max
9] 2 max
Q 0O
0 0.0066 max
Measuremens Limits
(9] *
O *



4,1.14,1 (Continued)

Fu.nci: ion

OgHp Burner Module Cont Vlv Int Leakage {scim)
OoHp Burner Cont V1v & Check Vv Rev lkg (scim)
OoH, Burner Check Vlv Reverse Leakage (scim)

OoH, Burner Coil Leskage (scim)

1Ho Pressurization System Lesk Check

Punetion

LHp Press Module Check Viv Rev Lkg (scim)

LHp Prepress Check Vlv Rev Lkg (scim)

Thrust Chamber Checks

Function

10X Dame

Purge Check Vslve Reverse Lkg (scim)
Main Oxidizer Valve

Idler Shaft Seal Leakage (scim)

Drive Shaft Seal Leakage (scim)
Malin Puel Valve

Idler Shaft Seal Leakage (scim)

Drive Shaft Seal Leakage (scim)
Thrust Chamber

Pressure (psig)

Jacket Purge Check Vlv Rev Ikg (scim)

LOX Pressurizabtion & Repressurization System Leak Checks

Measurement

leNoRoNe

Measurement

0
0

Measurement

oo

0
0

26
5

Function

Cold Helium Sphere
Fill Check Vilv Rev Lkg (scim)

Shutoff Viv Seat & Pilot Bleed Ikg (scim)

LOX Press Module Internal

Hot Gas Bypass V1lv Seat & Pilot Bleed Lkg (scim)

OgHp Burnper LOX Repress System

Burner Control veive Seal Leaksge (scim)
Burner Control Valve Pilot Bleed Lkg (scim)
Burner Module Conmtrol Viv Internal Lkg (scim)
Combined Burner Check Viv & Cont Vlv Seat

Leakage (scim)

*  Limits Not Specified
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Measurement

OO

OO0

Limits

12 max

5 max

Limits

10 max

Limits

10 max
10 max

10 mex
10 max

20 min
25 max

Limits

12.5 max

1000 max

12 max



4,131,141 (Continued)
Funection
Burner Check Vlv Rev Leskags (sc:.m)

Burner Coil Leakage (scim)
Cold Helium System

LOX Tank Prepress Check V1v Rev Leakage (scim)

LHo Tank Repress Press Sw Diaphragm Leskages
(scim)

Measurement

0
0
0

0

LOYX Texk, OsHp Burner & Engine Feed System Leak Checks

Function

LOX Tank Helium Content
Top (%)
Bottem (%)
Engine Feed Sys Internal Leak Checks
10X Previv & Chilldown Shutoff Viv Seat &
Chilldown Return Check Viv Ikg (scim)
LOX Chilldown Ret Check Vlv Rev lkg (scim)
LOX Prevliv & Chilldown Shutoff Viv Combined
Seat Leaksge (scim)
LOX Bleed Viv & Chilldown Return Check Viv
Rev Leakage (scim)
LOX Bleed Viv Seat Leakage (scim)
Main Oxidizer Vlv Seat Leakage (scim)
LOX Tank & Engine Feed System Lezk Checks

LOX Low Pressure Duct Pressure (psig)
Oxidizer Pump Speed Pickup Seat Bleed (scim)
TOX Turbopmp Torque Checks
Pump Primary Seel Leakage:
Max (scim)
Min (scim)
Turbine Torque:
Breskaway (in/lbs)
Running (in/1lbs)
LOY Boiloff Valve Flow Check
Valve Seat Leskage (scim)
LOX Turbopump Torgue Checks
Prevalve Shaf$ Seal Leakage:
Open Position (scim)
Closed Position (scim)
Internal Closed Pos (scim)
Fill and Drain Valve Seat Leeskage (scim)

Fill and Drain Vlv Primary Shaft Seal Lkg {scim)

¥ Limits Not Specified
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Measurement

0o
0
2.0
o
0

Limits

Limits

99 min

9% min

350 max

150 max

300 "max
10 max

350 max
350 max

1000 max
200 max

10 max

10 mex
10 max
T5 max
18 max
6.1 max



,1.1%.2  (Continued)
Function

I0X Umbilical & Main Fill & Replenish Viv
Seat ILeak Checks

LOX Main Fill, Replenish, & Fill & Drain Vivs
Seat Leaekage (scim)

LOX Main Fill & Replenish Vlivs Seat Lkg (scim)
OgoHz Burner LOX System Leak Check

Burner 10X Prop Valve beat Leakage (scim)

Measurement

2600,0
2600.0

0

LHpo Tank, OpHp Burner & Engine Feed System Leak Checks

Funetion

LHp Tank Helium Content (%)
Engine Feed System Internal Iesk Checks
LHp Prevliv & Chilldown Shutoff VIv & Chilldown
Return Check Viv Rev Leakege (scim)
IHpy Chilldown Ret Check Viv Rev Lkg (scim)
LH2 Prevly & Chilldown Shuboff Viv Combined
Seal Lesakage (scim)
LHo Bleed Vlv & Chilldown Return Check Viv
Rev Leekage (scim)
LHp Bleed Vlv Seat Ieskage (scim)
MOV & MFV Combined Seat Leakage (scim)
Main Fuel Vlv Seat Leakage (scim)
Engine Purge System Leak Checks
LHo Pump Drain Check V1v Rev Leaksge (scim)
LHp Pump Drain Check V1v Fwd Flow 30 psi (scim)
LHp Pump Drain Check Viv Fwd Flow 60 psi
(scim)
LHo Pump Purge Check Viv Rev Leakage (scim)
LHo Pump Intermediate Seal Leakage (scim)
LHo Turbine Seal Cavity Prg Check Vliv Rev
Leakage (scim)
LOX Turbine Seal Cavity Prg Check Viv Rev
Leskage (scim)
LHp Tank & Engine Feed System Leak Checks
LHp Low Pressure Duct Pressure (psig)
LHp Pump Speed Monltor Seal Bleed (scim)
LHo Turbopump Torque Checks
LHp Pump Primery Seal Leskage:
Max (scim)
Min (scim)

*  TLimits Not Specified
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Measurement

99.9

Limits

50 max

99 min
#

350 max

150 mex
*

300 mex
+

10 mex

25 max
30 mex

2h20 min
25 max
500 max
25 mex
25 max
30 max

0

350 max
350 mex



k.,1.14.1 (Continued)
Function Measurement Limits

Turbine Torque:
Breekaway (in/lbs) 25.0 1000 max
Running (in/1bs) 25.0 300 max
LH, Valves Leaek Checks
Prevalve Shaft Seal Leakage:

Open Position (scim) 0 10 max
Closed Position (scim) 0 10 max
Fill & Drain Valve Seat Leakage (scim) 0 18 max

LHp Fill & Drain Vlv Primary Shaft Seal
Leekage (scim) 0.8 6.1 max
LHp Umbilical & Main Fill & Replenish
Valve Seat Leak Checks

LHo Main Fill, Replenish, & Fill & Drain

Valves Seat Leakage (scim 0 *
ILHz Main Fill & Replenish Valves Seat
Leakage (scim) 0 *

OpHo Burner ILiHp System Leak Check
Combined Burner IH» Prop Viv & LOX Shutdown

Valve Seat Leakage (scim) 0 *
Burner IHo Prop Valve Seat Leakage (scim8 0 0.7 max
1LOX Prop Line Relief Valve Seat Leskage (scim) 0 0
Engine GG & Exhaust System Leak Checks

Function Measurement Limits

Engine Seal Lesk Checks
GG Fuel Purge Check V1lv Rev Ikg (sca_m) 1.1 25 max
LH» Turbine Seal Leakage (scim) 900.0 3750 max
2nd E&M Value fram J-2 Eng Log Book {scim) 750.0 *
10X Turbine Seal Leakege (scim) 0 350 max
Start Tnk Disch Vlv Gate Seal Leakage (scim) 3.0 15 max

GG & Ixhaust System Leak Checks
Oxid Turb Bypass Viv Shaft oeal kg (scim) 0.2 10 max
Oxid Manifold Carr Flng Bleed (scim) 0.2 20 max
GG LOX Poppet Rev Leakage (scim) 39.0 600 max
GG LOX Purge Check Vlv Rev Lkg (scim) 0 15 mex
Hydraulic Pump Shaft Seal Ikg (scim) bk 208 mex

GG LOX & LHo Propellant Valve Seat Ieak

Checks
GG T.OX Prop Vlv Seat & Oxid Pump Shaft Seal

Leakage (scim) 0 20 max
Cambined GG LOX & LH, Prop Viv Seat Lkg (scim) 0 *

GG LHp Prop Vv Seat & Fuel Pump Shaft Seal
Leskage (scim) 0 15 max

¥  Limits Not Specified
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4,1.14.1  (Continued)

Engine Pump Purge lLeask Checks

Fonction Measurement

Pump Purge Module Internal Lesk Checks

Purge Valve Seat Leakage (scim) 0

Purge Discharge Pressure (psig) 83.0
Pump Purge Flow Checks

GG Fuel Purge Flow (sScim) ko75.0

LOX Turbine Seal Purge Flow Escim) 3050,0

LHp Turbine Seal Purge Flow (scim) 3000,0

Fuel Pump Seal Cavity Purge Flow (scim) 850.0

Engine Pneumatics Ieak Checks

Function Measurement

Helium Control Solenoid Energized
Leak Checks
Low pPress Relief Viv Seal Leakage (scim)
Low Press Relief V1v Pilot Bleed Lkg (scim)
Fast Shutdown Vent Port Diaph Ieskage (scim)
Press Act Purge Viv Diaph Leakage (scim)
Int Pneu Sys Leakage (He Cont Sol On) (scim) 15,0
LOX Pump Intermediate Seal Purge Lesak Checks
Seal lLeakage Pump Direction (scim) .25
Seal Leakage Turbine Direction (scim) 6.4
Sesl Leskage Total (scinm) 14,65
Seal Purge Check Vlv Overboard Flow (scim) 2625
Seal Purge Flow (scim) 2639.65
Ignition Phase Solenold Fnergized Leak
Checks
Start Tnk Disch Viv L-Way Sol Seat ILkg (scim) 2,2
Start Tnk Disch Vlv Piston Seal Ikg (Closed
pos) (scim) 0
Internal Pneu Sys Lkg (Ign Phase Sol On) (scim) 10.0
Start Pank Discharge Valve Solenoid
Energized Leak Checks
STDV 4-Way Sol Jeat Lkg (Energlzed) (scim) 1.9
STDV Piston Seal Ikg (Open Pos ) (scim) 0
Mainstage Conbtrol Solenoid Energized leak
Check
Press Act Fast Shutdown Viv Seat Lkg (scim)
Int Pnen Sys ILkg (Mnstg Sol On) (scim)

o oo oo

oRe

*  Limits Wot Specified
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Limits

12 max

67 to 110

2hC0 min
T 200 min
2400 min
200 min

Limits

5 max
10 max
3 max
3 max
20 max

*
*

850 max
*

1300 to 3500

15 max
Lo max
20

15 max
40 mex

10 max
20 max



4,1.14,1  (Continued)

Function Measurement Limits

Pressure Actuated Purge System Lesk Check

Press Act Purge VLv vent Seat Lkg (scim) 0 10 max

Press Act Purge Vliv Inlet Seat Ikg (scim) 0 10 max
Engine Control Bottle Fill System Leak Check

Eng Cont Bot Fill Check Viv Rev Lkg (scim) 0 3 max

Eng Cont Bot Decay Check (Delta M) (1ib-mass/hr) 0.003 0.036 max

LOX & ILHp Vent System Leek Checks

Punction Measurement Limits

LOX Vent System Leak Checks
Cambined T.0X Vent & Relief Vlv & Relief

Viv Seat & Pilot Bleed Ikg (scim) ho.0 100 max
Combined LOX VER Vlv & Npv Vlv Seat,

Pilot Bleed ILkg (scim) 135.0 *
LOX Vent Boost Piston Seal Lkg (scim) 95,0 oh20 max
LOX Vent Valve Open Act Seal Lkg (scim) 0 75 max

Propulsive Vent System Leak Checks
Continuous Vent & Orifice Bypass Viv Seat
Ikg (scim) 0 16 max
Nonpropulsive Venit System Leak Checks
Bidirect Vent Viv Act Seal & Blade Shaft
Seal Lkg - Flight Pos (scim)
Bidirect Vent Viv Seat Lkg (Flt Pos) (scim)
Bidirect Vent Vlv Act Seel & Blade Shaft
Seal Leakage - Ground Pos (scim) **% 3.5 msx
Ground Vent System Leak Checks
Combined 1Hp V&R V1v, Relief Vlv Seat, &

3.5 mex
50 max

o0

Pilot Bleed Lkg (scim) 0 150 max
Cambined IHs V&R Vlv & Relief Vlv Seat,

Pilot Bleed, & Boost Piston Seal Lkg (scim) 120.0 *
LH2 V&R Vlv Boost Piston Seal Ikg (seim) 120.0 1725 max
LHp Vent Valve Open Act Seal Ikg (scim) 0 75 max
Bidirect Vent Vlv Seat Ikg (Gnd Pos) (scim) 0 50 max
Bidirect Vent V1v Act Piston Leskage (scim) 0 3 max

¥  Limits Not Specified
¥* Not Measursble - Too Smnall
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k,1.15 Exploding Bridgewire System (1B55822 E)

This automatic procedure verified the design integrity of the exploding
bridgewire (EBW) system and demonstrated the operational capability of the
EBW system to initiate ullage rocket ignition and jettison when commanded by
the instrument unit during flight. The particular items involved in this
test were:

Part Name Ref. Location P/N S/N

liasge Rocket Ignition System

EBW Firing Unit holahTal hoM39515-113 252
EBW Firing Unit Lholaktao LOM39515-113 253
Pulse Sensor * hohalhrakas  LoMOZ2852 -
Pulse Sensor ¥ holshyahao  LoMO2852 -
* On Pulse Sensor Bracket Assy  LOhALTAL 1B52640-1 8

Ullage Rocket Jettison System

EBW Firing Unit kokaTsAl LoM39515-113 284
EBW Firing Unit hohaTSAD hoM39515-113 271
Pulse Sensor *¥* LOLATSAI0AL  hOMO2852 -
Pulse Sensor ** hokAaT5A10A2  LOMOZ2852 -
*¥  On Pulse Sensor Bracket Assy  LOMATSALO 1A97791-501 L

This procedure was conducted on 4 April 1968, and was accepted on 9 April 1968.

A second issue was accomplished on 13 May'1968, to reverify the system afier
modifications. Throughout this procedure, the charged condition of each EBW
Tiring unit was determined by verifying that the firing unitv voltage indication
measured 4.2 +0.3 vdci while the uncharged or discharged condition was determined
by verifying that the voltage indication measured 0.0 +0.3 véc, or during the

firing unit dissble test, 0.2 0.3 vde.

The stage power setup, HXCO 1B55813, was sccomplished, and initial conditions

were established. An EBW pulse sensor self test was conducted first by verifying
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4,1.15 {Continued)
that the self test command properly turned on the four EBW pulse sensors and

that the reset command properly turned off the pulse sensors.

The ullage ignition EBW firing units were tested next. The charge ullage
ignition cammand was verified to have properly charged both ullage ignition EEW
firing units, while both ullage jettison EBW firing units remeined uncharged.
To verify that the fire ullage ignition command properly fired the ullage
ignition EBW firing units, it was determined that both ignition pulse sensors
were turned on while both jettison pulse sensors remained off and that hoth

ullage ignition EBVW firing units were discharged.

The uliage jettison EBW firing uniits were tested in the same way by verifying
that the charge ullage jettison command charged the ullage jettison EBW firing
units and that the fire ullage jettison command fired the jettison firing

units and turned on the jettison pulse sensors.

A series of checks then verified that the EBW ullage rocket firing unit disable
command prevented the firing units from charging when the charge ullage
ignition and charge ullage jettison command were turned on, and discharged

the firing units while preventing them from firing when the fire ullage

ignition and fire ullsge jettison commands were turned on.

A Tinal series of checks verified the operabtion of the EBW pilot relay by
determining that the pilot relay reset indication was off after each of che
charge and fire ullage ignition and Jettlson commends were turned on and that

the pilot relay T'ese‘t: indication was on after each command was reset,
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4,1.15 {Continued)
Engineering cocmments noted that all parts were installed st the start of this
checkout. WNo problems were encountered that resulted in FARR's being written

during this test,

A total of fifteen revisions were made to the two issues of this procedure for
the following:

a, Five revisions were required to correct program errors.

b. Four revisions deleted steps no longer required.

c. One revision changed the performance of stage power setup and/or
initial condition scan from before to after progrem loading, as
stage power setup cannot be performed until afier the executive
and DDT programs are loaded.

d. ‘One revision added the statement, "This procedure is to be accom-
plished per the Vehicle Safety Brochure, Beta-STC," to the
safely section of the procedure,

e, One revision deleted a step to allow a check to assure that
the "fire ullage ignition" and "fire ullage jettison” commands
are not shorted together by having both ignition and jettison
units charged when sending the "fire ullage jettison" command.

f. One revision changed the time delay for the firing umit to
discharge before checking the voltage from 2 seconds to0 5
seconds,

g. One revision authorized rerunning the procedure to verify
proper operabion after the time delay change from 2 seconds
to 5 seconds.

h., One revision explained that the EBW uliage rocket ignition
voltage out-of-tolerance condition was caused by the program
change made by revision "e", which decreased the time allowed
for the ignition Tiring unit to discharge before checking for
o] ip.3 vde. The program time delay was then changed from
2 seconds to 5 seconds per revision "f", and the procedure
was reran, The out-of-tolerance condition reoccurred. The
time delay was established at 8 seconds per this revision.
The procedure was campleted with no further malfunctions,
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4.1.16 Range Safety System (1B55821 G)

The auntomatic checkout of the range safety system verified the systen exiernal/
internal power transfer capability; and the capability of the system to respond
to the propellant dispersion inhibit and trigger commands, the engine cutoff
command, and the system off command. The items involved in this test ineluded

the following:

Part Name _Reference Location E[E §l§
Range Safety Receiver 1 L11A9T7ALL 50M10697 187
Range Safety Receiver 2 431897418 50M10697 198
Secure Command Decoder 1 411A99A1 50M10698 0165
Secure Command Decoder 2 L1134904A2 SOM10698 0167
Secure Command Controller 1 411497A13 1B33084-503 016
Secure Command Controller 2 4112974819 1B33084-503 015
RS System 1 EBW Firing Unit h1iaggaie LhoM39515-119 418
RS System 2 EBW ¥iring Unit L11A99A20 LhoM39515-119 419
RS System 1 EBW Pulse Sensor 411A99A31% 4oMO2852B 501
RS System 2 EBW Pulse Sensor h11499A32% LopMO28528 500
Safe and Arm Device h11aggasow 1A02k46-503 00050
Directional Power Divider 411297456 1838999-1 03k
Hybrid Power Divider L131a97ARY 1AThTT78-501 050

* Installed In Pulse Sensor Assembly %11A99A31/A32  1B29054-501 0016

This procedure was satisfactorily accoanplished by the firstv attempt on 11 April
1968, Values measured during the test are shown in Test Data Table %4.1.16.1.
Initial conditions were established for the test, and the GSE destruct system
test set, P/N 1A59952;1, was set up for closed loop operation at 450 MHz with
a -50 dbm output level and a 60 kHz deviation., The forward bus 1 and bus 2
battery simulators were turned on, both receivers were verified to be off,

and the batiery simulator voltages were measured.

The external/internal power transfer test was then started., Both EBW firing

units were verified to be off, and externsl power was turned on for both
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4,1.16 (Continued)

receivers and both firing units., The firing unit charging voltage indications
and the firing unit indications were measured for both range safety systems.
The propellant dispersion cutoff command inhibit was then turned on for both .
receivers., RBoth firing units were transferred to internal power, and the
external power for the units was turned off. Both units were verified to be
on, and the charging voltage indications were measured. Both firing units were
transferred back to external power and verified to be off, and the firing unit
charging voltage indications were again measured. The externasl power for both
receivers was turped off, and the receivers were verified to be off., The
receivers were transferred to internal power and verified to be on, then
transferred back to external power and veriried to be off. Finally, both

recelvers were transferred back to internal power and again verified to be on.

The EBW firing unit arm and engine cubtoff test was conducted next. The engine
control bus power was turned on, the bus voltage was measured, and the low
level signal strength indications were measured for both receivers, The EBW
firing unit arm and engine culcff command was turned on and verified to be
received by range safety system 1. The system 1 firing unit charging volvage
indication was measured. Verification was made that the engine cutoff indi-
cations were off at the umbilical and through the A0 and BO telemetry mulvi-
plexers, that the nonprogrammed engine cutoff indication was off, and that
the instrument unit receiver 1 arm and engine cutoff indication was off. The
receiver 1 propellant dispersion cutoff command inhibit was then turned off,
and the instrument unit receiver 2 arm and engine cutoff indicacion was veri-

fied to be off, Verification wes maede that the engine control bus pover was
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4,1,16 (Continued)

then off, that the engine cuboff indications were still off at the umbilical
and through both multiplexers, that the nonprogrammed engine cutoff indications
was stiil off, and that the instrument unit receiver 1 arm and engine cutoff
indication was then on. The receiver 1 propellant dispersion cutoff command
inhibit was turned back on, and the instrument unit receiver 1 arm and engine
eaboff indication was verified to again be off., The EBW firing unit arm and
engine cutoff command was turned off. The engine control bus power was turned
back on, and the bus voltage was measured. Both firing units were transferred
to external power and verified to be off, and the charging voltage indications

were measured.

The EBW firing undt amm arnd engine cubtoff command was turned back on and veri-
fied to be received by range safety system 2. The system 2 firing unit charg-
ing voltage indication was measured., Verification was made that the engine
cutofT indications were off at the umbilical and through the AO and BO tele-
metry multiplexers, that the nonprogrammed engine cutoff indication was off,
and that the instrument upit receiver 2 arm and engine cutoff indication was
off. The receiver 2 propellant dispersion cutoff command inhibit was turned
off, and the instrument unit receiver 1 arm and engine cutoff indication was
verified to be off., Verification was made That the engine control bus power
was still on, that the engine cutoff indication was then on at the umbilical
and through both muwltiplexers, that the nonprogrammed engine cutoff indication
was then on, and that the instrument unit receiver 2 arm and engine cutoff
indication was on., The recelver 2 propellant dispersion cutoff commend inhibit

was turned back on, and the instriument unit receiver 2 arm and engine cutoff
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4,1.16 (Continued)
indication was verified to again be off. The EBW firing unit arm and engine
cuboff command was turned off. The engine ready bypass was turned on, and

the engine cubtoff indicstion was verified to be off at the umbilical.

The EBW pulse sensor power and pulse sensor self-test were turned on, and
both range safety pulse sensors were verified to be set, The pulse sensor
reset was turned on, and both pulse sensors were verified to be reset. Each
of the range safety systems was individually tested by the following steps,
starting with system 1. The propellant dispersion command was turned on and
verified to be received by the receiver under test. The appropriate firing
unit charging voltage indication was measured, and the appropriate pulse sensor
was verified to be off, The propellant dispersion command was turned off, the
propeliant dispersion cuboff command inhibit for the receiver under test was
turned off, and the propellant dispersion coomend was turned back on, For
the system under test, the firing unit charging voltage indication was mea-
sured; and the pulse sensor was verified to be on, The propellant dispersion
cutoff command inhibit was then turned back on, and the propellant dispersion
cammand was turned off, The above steps were then repeated o test sysiem 2.
After the test of system 2, the propellant dispersion cutoff command inhibit
was turned off for both receivers, and the engine control bus power was veri-

Tfied to be off.

The range safety system off test was conducted next. The range safety system
off command was turned on, and power for receiver 1 and the system 1 EBW firing

unit was verified to be off. The range safety system off command was turned
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4.1.16 (Continued)

off, receiver 2 was transferred to internal power, the rsnge safety system

off command was turned back om, and the power for receiver 2 and the system

2 BBW firing unit was verified to be off. The range safety system off command

was then turned back off.

The safe and arm device was tested next. The safe-arm safe command was turned
on, the safe indication was verified to be on, and the arm indication was veri-
fled to be off. The safe-arm arm command was turned on, the safe indication
was verified to be off, and the arm indication was verified to be on. The
safe-arm safe command was turned back on, and sgain the safe indication was
verified to be on, and the arm indication was verified to be off. This com-
pleted the range safety system tests, and the shutdown oPerafions were accom-

plished.

There were no part shortages affecting this test and no problems were en-
countered that resulted in initistion of FARR's. Five revisions were recorded
in the procedure for the following:

a. Two revisions corrected program snd procedure errors.

b. One revision provided stage power setup changes which are
identical to those deseribed in paragraph h.l.s, stage power
setup.

c. One revision provided a test plan to obtain the necessary
data for open loop setup of the destruct test set, P/N 1A59952-1,
in preparation for the integrated systems test. This data
would normally be obtained during the range safety receiver
test, which was not scheduled for prefire checkout.

d. One revision authorized ithe use of the cable attenuztion
value obtained during checkout of Stage 206 because the
range safety receiver test was not conducted during prefire
checkout.
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4,1,16.1 Test Data Table, Range Safety System

Function

Forward Bus 1 Battery Simulator
Forward Bus 2 Battery Simulator

External/Internal Power Transfer Test

Externel Power On

System 1 Charging Voltage Indication
System 1 Firing Unit Indication
System 2 Charging Voltage Indication
System 2 Firing Unit Indication

Internal Power

System 1 Charging Voltage Indication
System 2 Charging Voltage Indication

External Power Off

System 1 Charging Voltage Indication
System 2 Charging Voltage Indication

Firing Unit Arm and Englne Cutoff Test

Engine Control Bus Voltage
Receiver 1 Signal Strength Indication
Receiver 2 Signal Strength Indication

System 1 Arm and Engine Cutoff Test

Firing Unit Charging Voltage Indication
Engine Control Bus Voliage

External Power OFff

System 1 Charging Voltage Indication
System 2 Charging Voltage Indication

System 2 Arm and Engine Cutoff Test

Firing Unit Charging Voliage Indication
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Measured
Value (vdc)

28.118
27.999

L, 239
4,220
4,220
L, o0k

b, o3k
4,220

0.055
0,0k5

27.968
3.620
3.718

Limits (vde)

28.0

0
28,0 0

+ 2.
¥ 2.

L I
[ EAVIE A S IAS]
ol -+ 41+

FEE =S
L ] .

eoepep
Lo W Lo W
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4.1,16.1 (Continued)
Measured
Function Value (vdc) Limits {vde)
Propellant Dispersion Test

System 1 Propellant Dispersion Test
Charging Voltage Indication {Pulse

Sensor Off) k. 260 h.2 + 0.3
Charging Voltage Indication (Pulse

Sensor On) 1.675 3,0 max
System 2 Propellant Dispersion Test
Charging Voltage Indication {Pulse

Sensor Off) L, 2kg b2+ 0.3
Charging Voltage Indication {Pulse

Sensor On) 1.729 3.0 max
4.1.17 Telemetry and Range Safety Antenna System Check (1BM472 D)

Prefire modifications necessitated conducting the PCM RF power detector cali-

bration, a portion of the telemetry and range safety antenne system checkout

procedure.

hardware installed at test time included:

Part Name

PCM R¥ Assembly
Bidirectional Coupler
Coaxial Switch

Power Divider
Telemetry Antennas
Reflected Power Det.
Forward Power Det.
Dummy Load
Directional Power Divider
Hybrid Power Detector
Range Safety Antennas
Range Safety Receivers

B/N

1B65788-1
1469214~503
1A69213-1
1A69215-501
1A69206-501
1ATHTT6-501.
1A7HT76-503
1AB4057-1
1B38999-1
1ATHTT8-501
1A69207-501.1
50M10697
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The test was successfully accomplished on 17 April 1968.

Reference Location

k11a60LA200
Ly3A6kacoh
L11a6kan0p
43114654201
L11E200 & E201
Y37l
L11vm72o8
4114644203
411497456
411497434
411856 & E57
hilag7all & A18

System

/N

15501,
20009
0080

043

055 & 073
283

303

659

o3k

050

O47 & 049
187 & 198



4.1.17 (Continued)

Stage power was turned on for the test, and after allowing 3 minutes for trans-
mitter warmup, the forward power detector output was measured and verified to
be within +3 per cent of the detector calibration requirements for the transe-
mitter output power. For calibration of the reflected power detector, the
forward power detector output was measured, and the equivalent forward power
was determined from the detector calibration. The reflected power was measured
and verified to be 11 +1 per cent of the forward power. The output of the
reflected power detector was then measured and verified to be within 43 per cent

©Of the detector calibration requirement for the measured reflected power.

Aftver running & high and low RACS test on telemetry chamnels for PCM/FM trans-
mitter output power and reflected power, the test was concluded by measuring
the telemetry RF system reflected power and transmitter output power through

A0 and BO telemetry multiplexers.

There were no i:roblem areas that resulted in FARR initistion. Three revisions

were recorded in the procedure as follows:

8. One revision deleted all portione of the procedure thait were
not spplicable to PCM RF power detector calibration.

b. Cne revision authorized the use of test equipment power nmeter
and adapters other than those specified, baged on gvailability.

¢. One revision accepted discrepancies noted on IIS 336033 against

GSE test equipment because performesnce of the procedure was not
sffected.
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4,1.,18 Auxiliary Propulsion System (1855825 D)

The auxiliary propulsion system tes% verified the integrity of the stage
wiring associated with APS functions and verified receipt of command signals
routed from the GSE automatic checkout system through the attitude control
relay packages to the APS electrical interfaces. The APS simulators, used in
place of the APS flight modules for this test, did not functionally simulate
the APS modules, but provided suitable lcoads at the electrical interface to

determine that the stage mounted components of the APS functioned properly.

All stage mounted components of the APS were tesﬁé&, in particular, the attltude
control relay packages, P/N 1B57731l-1, S/N 355, at reference location hOLAS1A%
and S/N 357, at reference location LOMATIA1Q., The procedure was initiated on

24 April 1968, and accepted on 2L May 1968.

After initial conditions were esteblished, the GSE IU substitute -28 vde power
supply was turned on, The APS firing ensble command and the APS bus power
were turned on, A series of tests were then conducted to verify the proper
operation of the APS engine valve solenoids., The attitude control nozzle com-
mends were turned on, and the appropriate APS engine valve open indication was

verified,

The attitude control nozzle command was then turned off, and the valve open
indication was again verified., The TO pound ullage engine commands 1 and 2
were then individuslly turned on and off, while the ullage engine relay reset
was verified to operate properly. At the conclusion of these tests, the
stage was returned to the pre-test configuration, thereby completing the test

procedure,
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4,2,18 (Continued)

During the initial condition scan section of the test an "engine main LOX valve
closed” talkback was not received, This malfunction was due to the engine main
LOX valve not being installed at the start of this test. Valve talkback was

verified by a rerun of initial condition scan on 24 May 1968,

No other problems were encountered, and no FARR's were written as a result of

this procedure.

Five revisions were written for the following:

a, Four revisions concerned changes to update the procedure

b.

to the latest configurations,

One revision explained that the initial condition scan talk.
back malfunction of the engine main 10X valve was due to the

valve not being installed.

4,1,18,1 Test Data Teble, Auxiliary Propulsion System

Valve Open Indication Voltage (vdc)

Attitude Control AO BO
Nozzle Comuand APS Engine Multiplexer Multiplexer Limits
Nozzle I IV On 1.1 or 1-3 3.75 3.7T 3.8 + 0.3
Off 1-1 or 1-3 0.00 -0,00 0.0 ¥ 0.25
Nozzle I II On 1-1 or 1-3 3.T72 3.73 3.8 + 0.3
off 1-1 or 1-3 0,00 0.00 0.0 * 0.25
Nozzle I P On 1.2 3.76 3.82 3.8 + 0.3
Off 1-2 0.00 0.00 0.0 ¥ 0.25
Nozzle III II On 2-1 or 2.3 3.65 3.66 3.7 + 0.3
Off 2-1 or 2-3 .00 0.00 0.0 * 0.25
Nozzle III IV On 2-1 or 2-3 3.62 3.65 3.7 + 0.3
Off 2~1 or 2-3 0.00 0.00 0.0 + 0.25
Nozzle IIT P On 2.2 3.68 3.71 3.7 + 0.3
Off 2""2 -0.0'O - O-O i 0:25

122



4,1,19 Propellant Utilizaetion System Calibration (1BOk368 F)

This manual calibration prc;cedure verified the operation of the propellant
vtilization system and provided the necessary celibration prior to the auto-
matic checkout of the system, For calibration purposes, the propellant
utilization test set (PUT/S), P/N 1A6801k-1, was used to provide varying
capacitance inputs to the propellant utilization electronics assembly (FUEA)
to simulate the 10X and IH, mass probe outpubs vnder varying propellent load

conditions. The items involved in this test included the following:

Part Name Ref. Location B/N s/N

Propellant Utilizstion

Electronic Assembly (PUEA) L11A9286 1A50358-529 031
Statie Inverter-Converter hi1ageat 1A66212-507 00011
LOX Mass Probe LocAl 1ah8430-511. c2
1H, Mass Probe ho8al 1ah8k31.-513 Dhc2
LOX Overfill Semsor (Part of LOX Mass Probe)
10X Overfill Control Unit holaToal 1A68710-511, 1 c9
LOX Fastfill Sensor Lo6A2CS 1A68710-1 Dllz
LOX Fastfill Control Unit kolhaTens 1468710-511,1 c8
LHy Overfill Sensor (Part of IHp Mass Probe)
LHs Overfill Control Unit 411Ag9282) 1A68710-509 chl
LH, Fastfill Sensor LoBAa2cs 1A68710-1 E10L
LHo Fastfill Control Unit 411A92843 1A68T710-509 chs

The first issue of the calibration procedure was accomplished om T, 22, and

2 May 1968; however, it was necessary to perform a second issue because the
PUEA, P/N 1A59358-529, S/W 031, failed to pass the IHp linearity test and was
removed and repaired per FARR AP70685. 'The second issue was acccmplished on
2k May 1968, and gccepted on 28 May 1968, Measurements and raticmeter setviings

made during the last test appear in Test Deta Table L4,1.19.1.

Atmogpheric conditions in the test ares were measured before the calibration

was started. Megohm resistance measurements were made on the LHo and LOX mass
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4,1.19 (Continued)

probe elements through connector 41IWI1PL at the PUEA, using a 50 vde
megohmeter, The PUT/S was commected to the PUEA, then the static inverter-
converter and the stage power for these units was manually turned on., The

static inverter-converter voltages and operating frequency were then measured.

The PUEA bridge calibrations were conducted next. Simulated empty conditions
were established with the PUT/ S; the PUEA IHp and LOX bridge empty condition
calibrations were accamplished by nulling the bridge tap voltages with the
PU'I‘/S ratiometer at setilngs of 0.01l390 for the IH» bridge and 0.04078 for the
ILOX bridge; then, the bridge outputs were nulled by adjusting the PUEA R2
potentiometer for the LH, bridge and the PUFA Rl potentiometer for the LOX
bridge., Simulated full conditions were then esteblished with the PUT/S using
& Cl capacitor (LHp) setting of 182,52 picofarads and a C2 capacitor (LOX) sete
ting of 122,83 picofarads , and the ratiometers were set to 0,82322 for the L B: P
bridge and 0,82337 for the LOX bridge. To accomplish the PUEA 1H5 and LOX
bridge full calibrations, the bridge outputs were nulled by edjusting the PUEA
Rl potenticmeter for the LH, bridge and the PUEA R3 potenticmeter for the 10X

bridge.

Data acqusition was verified by establishing simulated empty and full conditions
with the PUT/S and by adjusting the PUL/S raticmeter to null the PUEA IHp and
LOX bridge outputs. Bridge slew checks were conducted by establishing simu-
lated 1/3 and 2/3 slew conditions with the PUT/S and by adjusting the PUT/S

ratiometer to null the PUFA IHp and ITOX bridge outputs for each condition.
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k,1,19  (Continued)

For the reference mixture ratio (RMR) calibration, the difference between the
previously determined LHp and LOX empty raticmeter settings, 0.02688, was
multiplied by 98.4 vde to give a V1 reference voltage of 2,644 vde, Simulated
empty conditions were established with the PUT/S, and the PUFA residual empty
bias RS potentiometer was adjusted to null the RMR bias voltege. Simulated
full conditions were then established with the PUT/S, and the PURA _residual
full bias R5 potentiometer was adjusted to null the RMR bias voltage. For a
fuel boiloff bias calibration, simulated boiloff conditions were established
with the PUT/S using a C1 capacitor (LHp) setting of 182.52 picofarads and a
C2 capacitor (I0X) setting of 96.89 picofarads. The PUEA fuel biss RT

potentiometer was then adjusted to mull the RMR bias voltsage,

PUEA Li» and ILOX bridge linearity checks were accomplished by individually
setting the PUT/S C1 capacitor (LH,) and C2 capacitor (I0X) to specific values

and by adjusting the PUT/ S raticmeter to nuil the spproprigte PUEA bridge output.

For a fuel boiloff bias data acquisition check, the RMR bias voltage was mea-
sured as 2.6263 vdc under simulated empty conditions and es 14,633 vdc under
bias invernal test conditions, The fuel boiloff bias voliage was the difference

between these measurements, -12,09 vdc,

The hardwire loading circuits were checked by establishing simulated full con-
ditions with the PUT/S, setting the PUT/S ratiometer to 0.00000, and measuring
the hardwire loading circuit PUEA IHp and IOX bridge outpubt voltages., The IHo
voltage was 22.8 vdc and the 10X voltage 22,8 vdc, meeting the 23,52 +2.0 vde

requirements.
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%,1.19 (Continued)
FARR A270685 reported that the PUEA, P/N 1A59358-529, S/N 031, failed to
pass the LHo and LOX linearity btests. The unit was removed, repaired, and

reinstalled,

A total of fourteen revisions were made to the two issues of the procedure for
the following:

a. Four revisions concerned isolating test equipment from the
test stand ground system by using isolation transformers.

b. Three revisions were required to correct procedure errors.
C. Two revisions corrected typographical errors.
d. Two revisions deleted redundsnt operations,

a, Two revisions changed the procedure wo reflect the PU oven
monitor strip chart channel assignment changes.

f. One revision deleted sections of the test concerned with the
PUEA due to failure of the unit to pass the LHo and LOX
linearity tests.

%.3,19.1 Test Data Table, Propellant Utilization System Calibration

Pre~Test Atmospheric Conditions

Temperature: 64OF
Pressure: 36.08 inches of Hg
Relative Humidity 59 per cent

1He Mass Probe Megohm Check - Plug 411wWilpl

Function Resistance (megohms) Limits (megohms)
LH2 Probe Elements, Pins G to E Inf 1000 min
Pin G to Shield Inf 1000 min
Pin G to Stage Ground 2k 1000 min
Pin G Shield to Stage Ground 20k 1000 min
Pin E to Stage Ground 20k 1000 min
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4,1,19.1 (Continued)

LOX Mass Probe Megohm Check - Plug 411W11Pl

Function

IOX Probe Elements, Pin A to C
Pin ¢ to Shield

Pin € to Btage Ground

Pin € Shield to Stage Ground
Pin A to Stage Ground

Resistance (megohms)

Linits (megohms)

Inf
Inf
20k
20k
Inf

Static Inverter«Converter Measurements

Function

5.0 vde Output Voltage (vde)
21.0 vde Output Voltage (vdc)
28.0 vdc Output Voltage (vde)
117 vde Output Voltage (vdc)
115 vrms Monitor Voltage (vde)
Test Point 2 Voltage (vde)
V/P Excitation Voltage (vdc)
Operating Frequency {(Hz)

Data Acquisition

Function

LHy; Empty
10X Empty
LH, Full
10X Full

Bridgg Slew Checks

IHs 1/3 Slew
LHo 2/ 3 Slew
LOX 1/3 Slew
10X 2/3 Siew

LHz Bridge Lineaxrity Check

PUT/S €l Velue

36.5 pt
T3.01 pf
109,51 pf
146.01 pf
182,52 pf

¥ Limits Not Specified

Measurement

k,ghs
21.53
27.51
121,35

2. 773
21,66

50.75
k01,00

PUT/S Retiometer

0.00016
0.02115
0.82322
0.82337

0. 30949
0.63891
0.28265

0.56986

PUT/S Ratiometer

0.16001
0. 32565
0, k9087
0.65647
0.82300
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1000 min
1000 min
1000 min
1000 min
1C00 min

Limits

4,75 to 5.05
20,00 to 22.50
26,00 to 30.00
115,00
23

-

. to 122,50
2 to 3,18
20,00 to 22.5
9.025 to 52,18

Iy
394,000 to 406.00

Limits

¥ ok Kk Kk

* ok %k %

Limits

0.15802 to 0,16131
0.32394 to 0.32723
0.48986 to 0.L49715
0.65578 to 0,65907
0.82170 to 0.82499



k,1.19.1 (Continued)

I0X Bridge Linearity Check

PUT/S €2 Value

24,57 pf
49,13 pf
T3.70 pf
98,27 pf
122,83 pf

¥ Limits Not Specified

PUT/S Ratiometer

0.18129
0.34151
0.50152
0.66207
0.82319
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Limits

0.17977 to 0.18306
0.34025 to 0.3k354
0.50073 to 0.50403
0.66121 to 0.66207
0.82170 to 0.82k99



4,1.20 Propellant Utilization System (1B55823 H)

This automatic checkout verified the capability of the propellant utilization
(PU) system to determine and countrol the engine propeliant flow mixture ratio
in 8 manner that ensured simultaneous propellant deplefion. The test also
verified the capability of the PU system to provide propellant level infor-
mation for controlling the ill and topping valves during LOX and LH, loading
operations., The automatic checkout system (ACS) was utilized during testing
to function PU system components and to monitor responses, This test involved

8ll components of the stage PU system including:

Part Name Ref. Location P/N S/
Propellant Utilization
Electronics Assy (PUEA) 41149246 1A59358.52% 031
Static Inverter-Converter h11ag0a7 1466212-507 00011
LOX Mass Probe LosAL 1AL8430-511 c2
LHo Mass Probe Lo8a1 1A48Y431-513 phc2
LOX Overfill Sensor (Part of LOX Mass Probe)
LOX Overfill Control Unit Lhohatoak 1A68T710-511 co
LOX Fastfill Sensor kobaocs 1468710-1 Dll2
LOX Fastfill. Conmtrol Unit hokAToAS 1A68710-511 c8
LHp Overfill Sensor (Part of LHp Mass Probe)
LHp Overfill Control Unit hitagoaoh 1468T710-509 Cll
LHy Fastfill Sensor ko8ascs 1A68710-1 E101
LH, Fastfill Control Unit h11A920k3 1A68710-509 chs

Three tests were required to satisfactorily complete prefire checkout of the
PU system. The initial test was satisfactorily completed on 27 May 1968.
Temporary removal of the LOX mass probe for feedthrough comnector inspection
per WRO S-IVB-4#373 necessitated a second test conducted on 21 June 1968. An
investigation of radio frequency interference during prefire operations
resulted in a third and final test to reverify the system on 26 June 1968,
Test results listed in Test Data Table 4.,1.20.1 are teken from the Final pre-

fire test. The following is a narrative description of the PU system checkout.
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4,1.20 (Continued)

Initial conditions for the test were established and the ratio values, obuained
from the manual PU system calibration procedure, H&CO 1B64368, were loaded into
the compuber. From these ratio values, neminal test values were computed for
the IOX and LH2 coarse mass voltages, fine mass voltages, and loading voltages.
After an evaluation of the camputer printout, a test of the PU system power

was made, Power was applied to the PU inverter and electronics assemblies,

and after a programmed delay to allow the inverter-converter to stabilize, the
output voltages and frequency were measured and determined to be within speci-
Tied limits. After an additional programmed delay for the PU oven temperature
to stabilize, as indicated by the PU oven sitability monitor output voltage, it
was veriflied that the PUEA amplifier was properly calibrated by measuring the

PU oven output voltages through the remote autamatic calibration system (RACS).

The servo balance and ratio valve null test was conducted next. The ratio
valve positlion was measured, and the LOX and LH, coarse and fine mass voltages

were measured through the A0 and BO instrumentation multiplexers,

The PU loeding test followed. The LHp boiloff bias signal voltage was measured
with the boiloff bias cuboff turned on and was verified to be 0.0 +2.5 vde
with the cutoff turned off. The GSE loading potentiometer power was turned on,
and the voltage measured, Measurements were then made of the I0X and L, load-
ing potenticmeter sense voltages and signal voltages. Measurements of the LOX
and LHy loading potentiometer signal voltages were repeated after the ILOX and
LHo bridge 1/3 checkout relay cammsnds were burned on, and again after these
commands were turned off. The GSE power was turned off, and the LOX and LH,

loading potentiometer sense voliages were again measured,
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k.1,20 {Continued) .

The gervo balance bridge gain test was conducted next. The ratio valve posi-
tion was measured, &nd the LOX and LHo, coarse and fine mass vollages were
measured through the AC and BO telemeiry muitiplexers., The measurements were
repeated with the LOX and LH, bridge 1/3 checkout relays on, with the bridge
2/3 checkout relays on, with the bridge 2/3 checkout relays off, and agaln

with the bridge 1/3 checkout relays off.

The next check verified that the LOX and LHp tank overfill and fast fill sen-
sors and their associated control units responded properly under ambient (dry)

conditions and under simulated wet conditions of the sensors.

The valve movement test messured the ratio valve positions during the 50-second

plus valve slew and the valve positions during the 50-second minus valve slew.

The next section of this procedure was the PU activate test., All measurements
for this test were made through the A0 and BO multiplexers. The ratio valve
position was measured; then, the ILOX bridge 1/3 checkont relay command was
turned on, and the LOX coarse mass voltage was measured. The ratio valve posi-
tion was remeasured with the PU activate switch turned on and again with it
turned off, The LOX bridge 1/3 checkout relay command was turned off, then
the TOX coarse mass voltage and the ratio valve position were measured, These
steps were repeated using the Lﬁé bridge 1/3 checkout relay, then measuring

the LH» coarse mass voltage,

The PU valve hardover test was the final checkout of the procedure., The PU

valve hardover position command was turned on, and the PU system valve position
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4.1,20 {Continued)
was measured with the IOX bridge 1/3 checkout relay commend and the PU activate

switch both on, meeting the position reguirement of -20 degrees maximum,

One FARR tag was initisted as a result of prefire testing, TFARR 500-225-629
documented measurement M1O, fuel boiloff bias signal, as out-of-tolerance during
the first and second tests. Cause was attributed to radio frequency interfer-
ence resulting in signel oscillation. The condition was dispositioned as ac-
ceptable and a tolerance change was put into the program based on ROD A3-250-~

KDLD-266,

Ten revisions were recorded in issue three of the procedure for the following:
a. Four revisions were written to corrsct errors in the procedure,

b.,. Two revisions updated the procedure based on the existing stage
configuration,

c. One revision concerned changing the tolerance of the PU oven
monitor voltage from 0.3 vde to +0.075 vde per ECP 2330-RE
and WRO S-TVB-3653R6." - L

d. One revision provided instructions for a program change made
to prevent the forward bus 2 power supply from oven-regulating
when the PU inverter-converter and PU electronics assembly
were turned on,

e, One revision changed the time cell loading data from octal to
base 10 value, to be compatible with the time cell data format,

f. One revision ocutlihed a special measurement of the syscem test
error signel voltage, per request of the customer,

L,1,20.1 Test Data Table, Propellant Utilization System

Loaded Ratio Values (froam H&CO 1B6L368)

IC0X Empty Ratio 0.021 LHo Empty Ratio 0.000
10X 1/3 Bridge Slew Ratio 0.283  IHp 1/3 Bridge Slew Retio  0.310
LOX 2/3 Bridge Slew Ratio 0.569  ILH2 2/3 Bridge Slew Ratio  0.639
1LOX Wiper Ratio 0.0k0 IHo Wiper Ratio 0.01k
LHp Boiloff Bias Voltage (vdce) 12,007
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4,1.20.1 (Continued)

Computed Coarse Mass Voltages (vde)

10X Empty 0.103
10X 1/3 Mass 1.416
LOX 2/3 Mass 2,847
Camputed Fine Mass Voltages (vdc)

LOX Empty k.009
10X 1/3 Mass 0.249
LOX 2/3 Mass 2. 207
Computer Loading Voltages (vdc)

LOX Empty 0.5Th
LOX 1/3 Coarse Mass 7.930

PU System Power Test

Funetion

LHp Empty
LHe l/ 3 Mass
LHy 2/3 Mass

LHy Empty
LHy, 1/3 Mass
LHy 2/3 Mass

LHy, Empty

IHy 1/3 Coerse Mass

Measured Valune

Inv-Conv 115 vrms Output (vac)

Inv-Conv 21 vdc Output (vdc)

Inv-Conv 5 vde Output (vde)

Inv-Conv Frequency (Hz)

PU Oven Monitor Voltage Z1 (vd.c%

PU Oven Monitor Voltage Z2 (vdc

PU Oven Monitor Voltage Z3 (vde)

PU Oven Monitor Voltage - Final (vdc)

PU Oven Monitor Voltagze -
High RAC (vde)

PU Oven Monitor Voltsge - RACS Run
Mode On (vde)

PU Oven Monitor Voltage - Low RAC (vde)

P¥ Oven Monikor Voltage - RACS Run
Mode On (vdc)

114,875

2L.729
5.00L

" hol. 297

1.964
1.964
1.964
1.964

3.933

1.96L
"00021

1.953

Bridge Balance and Ratio Valve Mull Test

Measured AO BO
Fanction Value Multi Multi
Ratio Valve Position (deg) -0,125
LOX Coarse Mass Voltage (vde) 0.107 0.107
LOX Fine Mass Voltage (vdc) %, 063 b, 067
LHp Coarse Mass Voltage (vdc) 0.000  0.000
LH, Fine Mass Voltage (vde) 1.ko1 1.501

133

R 5

=
Q

Op & PHRPRNOOF

0.000
1.548
3.193

1,367
2.339
), 590

0.000.
8.668

tg.
of
&

i+
w
e

25

1
{+
mo

-

i

2D 14
t+1 41+ 1\) oND
(o] O.C)UJ

00O
g e
ARV, RN

*

> WOOROWLVNO

2 1+ 2 14

o
.
C
| -
i

o0
Of +

r
16

Limits

B OFO0
\%I—-’O
L+

(ofe]

vRs!
0co0Op
B e

88
)



4.1,20.1 (Continued)

PU Iocading Test

Function Measured Value
LHp Boiloff Bias Signal Volt. (vac) 13.83
GSE Power Supply Voltage (vde) 28.919
Loading Potenticmeter Function IOX Value LHo Value
Sense Voltage, GSE Power On (vde) 28,958 28.919
Signal Voltsge, Relay Commands 0,602
off (vdc) 0.000
Signal Voltage, Relay Commands T.766
On (vdc) 8.477
Signal Voltage, Relay Commands 0.602
off (vdce) 0.027
Sense Voltage, GSE Power OFF (vdc) 0.000 0.039
Servo Balance Bridge Galn Test
Measured AQ BO
Function Value Multi Muoltil
Ratio Valve Position (deg) -0.058
LOX Coarse Mass Voltage (vdc) 0.112 0.103
10X Fine Mass Voltage (vdc) L. 058 4,053
LHp Coarse Mass Voltage (vdc) 0.000 0.010
LH, Fine Mass Voltage (vdc) 1.392 1.396
1/3 Checkout Relay Commands On
Ratio Valve Position (deg) 0.419
LOX Coarse Mass Voltsge (vdce) 1.511 1.ho1
LOX Fine Mass Voltage (vdc) 0.195 0.195
LH, Coarse Mass Voltage (vdc) 1.548 1,548
LE, Fine Mass Voltage (vdc) 2,401 2.4h6
2/3 Checkout Relay Commands On
Ratio Valve Position (deg) 0.828
LOX Coarse Mass Voltage (vde) 2,847 2.847
LOX Fine Mass Voltage {vde) 1.968 1.968
LHy Coarse Mass Voltage (vdc) 3.198 3.203
LH, Fine Mass Voltage (vde) 4,883 4 873
2/3 Checkout Relay Commands Off
Ratioc Valve Position {deg) 0.624
LOX Coarse Mass Voltage (vdc) 1.416 1.416
IOX Fine Mass Voltage (vdc) 0.195 0.195
LHy Coarse Mass Voltage (vde) 1.553 1.558
LH, Fine Mass Voltage (vde) 2.441 2.446
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Limits
13.007 + 1,0
26.0 + 2.0

Limits
28.919 + 0.k

0.57k + 0.5
0.0 + 0.5
7.930 + 0.6
8.668 * 0.6
0.5T% + 0.5
0.0 + 0.5
0.0 * 0.75

Limits

-0.125 + 1.5
0.103 + 0.1
4,009 * 0.k
0.000 ¥ 0.1

1.367 + 0.k
-0.125 + 1.5

1L.h16 + 0.1

0.249 £ 0.k

1.548 + 0.1

2.339 ~ 0.4
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4,1.20,1 (Continued)

Measured AO BO
Function Value Mniti Molti
1/3 Checkout Relay Commands OFf
Ratio Valve Position (deg) 0.010
LOX Coarse Mass Voltage (vdce) 0.103 0.103
LOX Fine Mass Voltage (vdce) 4,0ok8 4,058
LHo (oarse Mass Voltage (vdc) 0.000 0.000
LHo Fine Mass Voltage (vdc) 1.hor  1.bkoa
PU Valve Movement Tesd
Function Measured Value
Ratio Valve Position, A0 (deg) -0.058
Ratio Valve Position, BO {deg) -0.125
50 Second Plus Valve Slew, AQ Multiplexer
+1 vde System Test Valve Position
Signel (vde) 0.994
V1, Position at T3 Seconds (deg) L.091
V2, Position at ™5 Seconds (deg) 5.181
V3, Position at T™+8 Seconds (deg) 5.727
Vi, Position at T+20 Seconds(deg) 5.932
V5, Position at T+50 Seconds(deg) 5.932
50 Second Minus Valve Slew, A0 Multiplexer
Ratio Valve Position, A0 (deg) 0.08
-1 vde System Test Valve Brror
Signal (vde) ~0.99
V1, Position at T3 Seconds (deg) -3.745
V2, Position at T+5 Seconds (deg) hrTL
V3, Position at T+8 Seconds (deg) ~5.249
V4, Position at 1%+20 Seconds (deg) -5.453
V5, Position at T+50 Seconds (deg) ~5.521
PU Actlvation Test
Function AQ Multi BO Multi
Ratio Valve Position (deg) -0,262 -0.330
LOX 1/3 Commend Relay On
LOX Coarse Mass Voltage (vdc) 1.k16 1.h21
PU System On
Ratic Valve Position (deg) 33.280 33.280
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Limits
~0.125 + 1.5
0.103 ¥ 0.1
L.009 + 0.4
$.000 :!_- 0.1
1.367 + 0.4

Limits

-0.125 + 1.5

«1.000 + 0.02

-2.037 o -6,351
-2.659 to -7.396
-2.977 to -7.396
-5.226 to -7.396
-5,226 to -7.396

Limits

-0.125 + 1.50
1,416 +-0.1

20,0 min



4.1,20.1 (Countinued)
Function

PU System Off

Ratio Valve Position (deg)
L0X 1/3 Commend Relay Off

LOX Coarse Mass Voltage (vdc)

Ratio Valve Position (deg)
LHo 1/3 Commend Relay On

LHo Coarse Mass Voitage (vdc)
PU System On

Ratio Valve Position (deg)
PU System OfT

Ratio Valve Position (deg)
IHp 1/3 Command Relsy OFff

1Hp Coarse Mass Voltage (vdc)

Ratio Valve Position (deg)
PU Valve Hardover Test

Ratio Valve Position (deg)

AQ Multi

0.419

0.103
0.010

1.548
-27.260
0,08

0.000
-0,058

"2.(- 532
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BO Multi

0.282

0.107
0.010

1,548
-27.328

-0.005
-0.058




k1,21 Propulsion System Test (1B62753 J)

This automatic procedure performed the integrated electromechanical functional
tests required to verify the prefire cperationsal capsbility of the stage pro-
pulsion system. For convenience of performance, the test sequences were divi-
ded into three sections: The first section checked the ambient helium system
and included funciional checks of the pneumatic control system and the propel-
lant tanks repressurization system; the second test section checked the propeli-
lant tanks pressurization system; snd the third section was a four part func-
tional check of the J-2 engine system, The first segment of the J-2 engine
checkout tested the spark ignition systems for the J-2 engine thrust chamber
and gas generator, the second segment functionally checked the engine cutoff
logic and delay timers, the third segment checked the J-2 engine valve
sequencing with control helium pressurization, and the final segment was a

combined automatic check of the J-2 engine system operation.

Three tests uwbilizing two issues of the procedure were conducted to verify
prefire cperational capability of the system. The first issune was used for

two tests conducted on 5 June, and 7 June 1968. The initial test was termi-
nated dwe to inability of the progrem to perform the pressure set routine for
the stage 6 helium regulator of GSE test console "A". The cause of this
problem was atbtributed to an Improper adjustment of the variable orifice bleed
valve for the regulator. This bleed valve was adjusted prior to the second
test attempt, Test attempt 2 was not entirely successful., The LOX tank ground
£ill pressure switch pickup pressure was oub-of-tolerance due to incorrect

pressure transducer calibration data entered into the program. A paper tape
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4,31.21  (Continued)

change corrected the digital date tape (DDF) prior to issue 2 testing. In
addition, an indication of failure to open for the OgHs burner LOX propellant
valve during test attempt 2 was atiributed to incomplete wiring of the LOX
propellant valve ground backup solenoid., The velve wiring was completed prior

to issue 2 testing,

These malfunctions plus hardware changes after test attempt 2 necessitated
repeating the propulsion system test per issue 2. This final prefire test
was successfully accomplished on 22 June 1968, Measurements taken from this

test are listed in Test Data Table 4,1.21.1.

Subseguent to establishing initial conditions, testing of the ambient helium
system commenced by pressurizing the smbient helium pneumatic control sphere
and repressurization spheres to TOO +50 psia and setting the stzge control
helimm regulator discharge pressure at 515 +50 psia. A series of checks veri-
fied the proper operastion of the control helium dump valve and the pneumatic
power control module shutoff velve, The LH, and LOX repressurization control

module dump valves and control valves were verified to operate properly.

A three-cycle test of the engine pump purge pressure switch preceded the func-
tional checkout of the engine pump purge valve. The conbrol helium regulator
backup pressure switch and the control helium shutoff valve were similarly
tested. The control heliwn sphere was pressurized to 708,58 psia; and the
control helium regulator discharge pressure was measured at 528.36 psia, both
within acceptable limits. A series of checks verified the operation of the

pneumatically controlled valves, including the LH, and LOX vent valves, £ill

138



4,1.21  (Continued)

and drain valves, prevalves, chilldown shutoff valves, the LHp directional vent
valve, the ILHy continuous vent and relief override valve, the LH, continuous
vent orificed bypass valve, the OgHo burner propellant valves, and the LOX
nonpropulsive vent (NPV) velve. The LHp tank pressurization and continuous

vent valve blowdown check completed the ambient helium system test.

ATter establishing initial conditiomns, sectlon two, the propellant tanks

pressurization systems test, was started with functional checks of the cold
helium dwmp and shutoff valves. The operation of the cold helium regulator
backup pressure switch was verified by the three-cyecle pressure switch test,
as well as by verifying that the switch properly controlled the cold helium

shutoff valve.

The LOX end LHo repressurization control valves were verified to operate pro-
periy, and the operation of the LOX and LHy tank repressurization backup
pressure switch interlocks was verified by the three-cycle tests and by demon-
strating that the switches properly controlled the LOX and LH, repressurization

control valves.

The proper operation of the OoHp burner spark ignition system was verified.,
The LOX tank pressure switches, the cold helium shutoff valve, and the cold
helium heat exchanger bypass valve were verified to operate properly. Proper
control of the LOX mgin £ill valve, the LOX auxiliary tenk pressurization
valve, the LOX replenish valve, and the LOX repressurization valve by the

pressure switches was demonsirated.
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4,1.21 (Continued)

The IH, repressurization and ground fill overpressurlzation pressure switches
were verified to operate properly. Control of the LHp main £ill valve, the
LH, replenish valve, the LHp auxiliary tank pressurization valve, the step
pressure valve, and the LH, bypass control valve by the pressure switches was
also demonstrated., After satisfactory campletion of the LH, pressure switch
checks, the cold helium system was pressurized to 896.45 psia, followsd by
blowdown of the cold helium spheres and a cold helium regulator high flow test,
The system was then repressurized to 896.45 psis, and another sphere blowdown
was conducted in conjunction with the cold helium regulator low flow test.
After venbing the cold heliumm spheres to ambient, a series of checks verified
proper operation for the OpHp burner voiing circuit and burner malfunction
temperature sensors, This coampleted testing of the propellant pressurization

systems,

After performing stage power sebup and establishing initial conditions, section
three, the J-2 engine functional tests, was conducted next. The LHp and LOX
tanks were vented to smbient, the OoHp burner spark systems 1 and 2, the
emergency detection systems 1 and 2 engine eutoffs, the repressurization

control valves, and the OoHs burner propellant valves were verified to operate

properly,

The engine spark test verified proper operation of the thrust chamber asugmented
spark igniter (ASI) and gas generator spark systems. The engine start tank
was pressurized, the proper operation of the start tank vent valve was verified,

and the start tank was vented to ambient pressure prior to the engine cutoff
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1,21 (Continued)

test. The engine ready signal was verified to be on, and the simulated main.
stage OK signal opened the prevalves, Verification of proper prevalve response
to the switch selector engine cutoff signals was made with the prevalves closing
to the cutoff signal and opening at signel removal, The engine ignition cutoff
test and the LHo injector temperature detectbor bypass test were satisfactorily

conducted,

The next series of tests verified that the simulated aft separation signals,

1 and 2, individuslly inhibited engine start and demonstrated proper operation
of the LH, injector temperature detector bypass and start tank discharge con-
trol. During these tests, measurements were made of the helium deley timer,

the sparks de-energized timer, and the start fank discharge timer,

Three-cycle tests of mainstage OK pressure switches 1 and 2 were conducted.

It was verified that the pickup of either switch turned off the engine thrust
OK 1 and 2 indications and that afbter a dry engine start sequence, pickup of
either switch would maintain the engine in mainstage. It was also demonstrated
that dropout of both pressure switches was reguired to turn on engine thrust

0K indications and cause engine cutoff.

The engine helium control sphere was pressurized té 1459.94 psia to conduct

the engine valve sequence tests which demonstrated that actuation and deactua-
tion of the helium control solenoid valve caused the LHp and LOX bleed valves
to close and open, that opening and closing the ignition phase control solenoid
valve caused the engine augmented spark igniter (ASI) LOX valve and engine main

fuel valve to open and close, that the start tank discharge solenoid valve
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4.,1.21  (Continued)

opened end closed, that the start tank discharge solenoid valve caused the
engine augmented spark igniter (ASI) LOX valve and engine main fuel valve to
open and close, and thst opening and closing the mainstage control solenoid
valve caused the gas generator valve and main LOX valve to open and close and

the LOX turbine bypass valve to c¢lose and open.

The final test was the combined automatic functional demonstration of the
entire J-2 engine system., The hecessary commands were given to initiate
engine start and cutoff; and throughout the automatic seguence, the engine
system responses were verified to be within the predetermined limits, Test
Data Table %,1.21.1 lists the computer printout measurements for the engine
sequence check, and also the data recorded manually in the procedure that was

teken from the J-2 engine oscillograph records,

There were no parts shortages affecting propulsion automatic testing and no

test discrepancies resulting in the initiation of FARR's.

Thirty-eight revisions were recorded in issue 2 of the procedure for the accept-
able test on 22 June 1968, as follows:
a, Seven revisions concerned updating and corrections for stage
power setup and initial conditions scan that had no effect on
the validity of the propulsion system test.

b. Ten revisions corrected program and test requirements drawing
(TRD} errors.

C. One revision updated procedure tolerances to the latest require-
ments.

d. Twelve revisions were changes to the digital data tape (DDT),
adding and/or correcting curve coefficienvs based on transducer
calibration data.
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e,

hoi,21.1

Section 1

(Continued)

Pwo revisions suthorized switching to battery power instesd
of the external power supply for turn-on of the OpHp burner
sparks, sugmented spark ignition system (ASI) sparks, and
gas generator sparks, Noise due to sparks turn-on exceaded
the external power supply voltage limitation for SIM channel
41 interrupt,

One revision indicated that SIM channel 85 interrupts occurred
due to the interference of concurrent testing.

Three revisions conceruned GSE malfunciion indications that
had no effect on the validity of the propulsion system test.

One revision attributed a malfunction indication of "LOX
prepress flight P/S de-energize not on" to insufficient
time sllowed by the program.

One revision indicated that a valve opening melfunction
indicetion for the ILHpy replenish valve was caused by low
actuation pressure setting at the test stand. After correctiy
resetting the pressure, the valve opened properly and the test
was continued.

Test Data Teble, Propulsion Test

~ Ambient Helium Test

Measured Valuves

Function Test 1 Test 2 Test 3 Limits

Engine Pump Purge Pressure Switeh Checkout

Pickup Pressure (psia) 120.91 119.36 118,58 136.C mex
Dropout Pressure (psia) 108.48 109.26 110.03 99.0 min
Deadband (psia) 12.43 10,10 8.55 3.0 min

Control Helium Regulator Backup Pressure Switch Checkout

Pressurization Time (sec) 98.81k 4h 845 L7.956 180.0
Pickup Pressure (psia) 604, 20 60k .97 606.53 600 +
Depressurization Time {sec) 14.513 15.525 15,736 180.C
Dropout Pressure (psia) 4oi.5k 486,88 486.10 Lhgo +
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h,oa.21.1

Pneumatically Controlled Valve Timing Checkout

( Continued)

Operating Times (sec)

Total Total Boost Total

Valve Open Cpen Close Close Close  Boost Close
IHp Vent Valve 0.015 0.077 0.192 0.469 0.080 0.272
LOX Vent Valve 0.019 0.081 0,111 0.33% 0.061 0.192
LOX F&D Valve 0.138 0.257 0.729 2.289 0.403 0.923
LHp F&D Valve 0.153 0.273 0.738 2,31k 0.%07 0.869
LOX Prevalve 1.185 1.775 0.177 0.309 * *
LH2 Prevalve 1.295 1.888 0.205 0.341 * *
LOX ¢/D sov 0.276 1,132 0.0k 0,187 * *
1H, ¢/p sov 0.3%0  1.110 0.028  0.13%4 * *
LH, Cont Vent Orif'd

Bypass Valve 0.009 0.042 0.008 0.069 * *
OnH, Burner LOX Prop  0.007 0,085 0,008  0.083 * *
LOX NPV Viv 0.020 0.0LT 0.130 0.35h 0.077 0.212
Flight Total Fit. Ground Total Ground

Valve Position Position Position Position
LHp Directional Vent Valve 0.083 0.190 0.815 1.386
Section 2 - Propellant Tanks Pressurization System Test

Measured Values
Funection Test 1 Test 2 Test 3 Limits
Cold Helium Regulator Backup Pressure Switch Checkout

Pressurization Time {sec) 92,245 22,942 22,443 180 max
Pickup Pressure (psia) LTh.b5 k73,66 y70,11 L467.5 + 23.5
Depressurization Time (sec) 19.588 19.563 19,461 180 max
Dropout Pressure (psia) 382.76 382.76 382.76 362,5 + 33.5

LOX Tank Repressurization Backup Pressure Switch Checkout

Pressurization Time (sec) 46,307 6k, 617 6k,313
Pickup Pressure (psia) b71.3k 471,34 1.3k
Depressurization Time (sec) 22,147 22,119 22,028
Dropout Pressure {psia) 372.66 371.88 372.66

LHo Tank Repressurization Backup Pressure Switeh Checkout

Pressurization Time {sec) 61,487 £1.838 62,565
Pickup Pressure (psia) u465.90 heT7,45 L66.68
Depressurization Time (sec) 20,513 20.262 20.035
Dropout Pressure (psia) 376.5k 376,54 373.09

* Not applicable to these valves
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4,1,21,1 (Continued)
Measured Values
Function Test 1 Test 2 Test 3 Limits
LOX Tank Ground Fill Overpressure Pressure Switch Checkout
Pressurization Time (sec) T2.721 34,628 ok, 67T 180 max
Pickup Pressure (psia) 40,45 ko, Lo ho, ks 41 max
Depressurization Time (sec) 8.907 6.828 T.h21 180 max
Dropout Pressure (psia) 39.02 39.07 39.07 . 37.5 min
Deadband (psid) 1.43 1,33 1.38 0.5 min
LEo> Repressurizstion Control Pressure Switch Checkout
Pressurization Time (sec) T7.620 23,081 22 hok 180 mex
Pickup Pressure (psia) 30.68 30.63 30.68 31 max
Depressurization Time (sec) 50.328 48,860 46,980 180 mex
Dropout Pressure (psia) 28.34 28.29 28,29 28.0 min
Deadband {psid) 2.34 2,34 2.39 0.5 min
LEs Tank Ground Fill Overpressure Pressure Switch Checkout
Pressurization Time {sec) T1.799 28,155 21,651 180 max
Grd., Fill Overpress
Pickup Press (psia)  30.58 30,47 30.hk2 31 max
Depressurization Time (sec) 63.096 59.401 63.033 180 max
Grd. Fill Overpress
Dropout Pressure (psia) 28.19 28.29 28.29 28.0 min
Deadbang {psid) 2.39 2.18 2.13 0.5 min
Section 3 - J-2 Engine Functional Test (Engine S/N J-2101)
Function Delay Time (sec) Limits (sec)

Engine Delay Timer Checkout

Ignition Phase Timer 0.438 0.k
Helium Delay Timer 0.989 1.0
Sparks De-energized Timer 3. 301 3.3
Start Tank Discharge Timer 1,002 1.0
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§.1.21.1 (Continued)

Measured Values

Function Test 1 Test 2

Mainstage OK Pressure Switch 1 Checkout

Pickup Pressure (psia) 507.8: 504,76
Dropout Pressure (psia) 431,60 413k .68
Deadband (psid) 76. 24 70.08

Mainstage OK Pressure Switch 2 Checkout

Pickup Pressure (psia)  519.k0 512,50
Dropout Pressure (psia) 440,26 4o, 26
Deadband (psid)  T9.2k T2. 2k

Engine Sequence Check

Start or Delay

Tiwe
Function (sec)
Engine Start
Cont He Solenoid Command
Talkback %
Tgn Phase Cont Solenold
Command Talkback **
AST Valve Open *¥
Engine LOX Bleed Valve Close *x
Engine LHp Bleed Valve Close *H
Main Fuel Valve Open 0.083
Start Tank Disch Timer *%
Start Tank Disch Valve Open 0.09%
Mainstage Cont Solenoid Energized >
Tgnition Phase Timer *i
Start Tnk Disch Cont Solenoid
De-energized *¥
Main LOX Valve Open 0.499
Start Tnk Disch Valve Close 0.148
(Gas CGenerator Valve Open *%
LOX Turbine Bypass Valve Close 0.028
Spark System Off Timer W

¥  Limits Not Specified
#¥ Not Applicable Or Not Available
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Test 3 Timits
503.99 515 + 36
436,99 *

67.00 62.5 + k8.5
513.30 515 + 36
khi.03 ¥

T2. 27 62.5 + 48.5

Oper. or

Travel Tinme Total Time
(sec) (sec)
0.013 **
0.006 *%
0.048 %
0.091 %
0,065 *%
0.103 0.186
1.000 *%
0.095 0.188
1.452 *%
0.452 *%
0.006 K
1.571 2.070
0.183 0.331
0.153 0. 250
0.465 0.%93
3.312 K



L,1.,21,1 (Continued)

Function

Engine Cutoff

Ign Phase Cont Solenoid
De-energized from Cutoff

Mainstage Cont Solenoid
De-energized from Cutoff

AST Valve Close

Main LOX Vslve Close

Main Fuel Valve Close

Gas Generator Valve Close

He Cont De-energized Timer

Engine LOX Bleed Valve Open

Engine IH Bleed Valve Open

Start or Delay

Oper. or

LOX Turbine Bypass Valve Cpen

Engine Sequence Data (Oscillograph Records)

Function

Tgnition (sec)

Main Fuel Valve Open
Start Tenk Disch Vliv Open

Mainstage (sec)

GG Valve Fuel Open

GG Valve LOX Open

Start Tank Disch Valve
Close

MOV lst Stage Open

MOV 2nd Stage Open

Oxidizer Turbine Bypass
Viv Close

¥  Limits Not Specified

¥¥% TNot Applicable Or Not Availsble

Time Travel Time Total Pime
(sec) (sec) {sec)
*% 0,007 *¥
*¥% 0.016 %
0.040 ¥k *%
0.096 0,064 0.160
0.196 0.070- 0.267
0.109 0.123 0.232
** 0.998 *¥
*¥* *% 9,041
*¥ *% 9.976
0.286 0.53h 0.820
Measurements Limits
Delay Valve Motion Delay Valve Motion
0,042 0.071 0.030-0.030 0.030-0.130
0.83 0.09% 0.080-0,120 0.,085-0.125
0.070 0,040 * ¥
0.132 0.062 0.130-0.150 0.020-0.080
0.121 0.227 0.13040.020 0, 215+0.040
0.043 0,045 0.030-0.070 0.025-0,075
0.593 1.767 0.540-0.680  1.750-1.900
0.183 0. 276 * 5.0 max
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h,1.21.1 (Continued)

Function

Cutoff (sec)

Oxidizer Turbine Bypass
Vlv Open

GG valve LOX Close

Main Oxid Viv Closed

Main Fuel V1v Closed

GG Valve Fuel Close

Bleeds (sec)

AST Open

AST Close

GG Valve LOX Open
GG Valve TOX Close
GG Valve Fuel Open
GG Valve Fuel Close

Timers (sec)

Start Tnk Disch Vliv Delay
Ignition Phase

Sparks De-energize
Helium Cont De-energize

Trace Deflections

Oxid Turbine Bypass Valve
@ 80% (sec)

Main Oxid Valve (deg)

GG Valve (%)

¥  Limits Wot Specified

¥¥* TNot Applicable Or Not Availsble

0.
ik,
k9

Measurements

Delay

Valve Motion

0.207
0.065
0.063
0.083
0.104

0.988
0.h45h
3.283
0.998

kog
1

0.606
0.030
0.121
0.230
0,085

0.038
0.030
9. 250
0.055
9,970
0.0k9

¥¥
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Limits

Delay

*
0.0k0-0, 100
0.045-0.,075
0.065-0,115

*

0.960-1,040
0.420-0.480
3.19 -3,50
0.890-1.110

0.350-0,550
12.16

35-65

Valve Motion

10.0 max
0.010-0,055
0.105-0.135
0.200-0.250

*

0.100 max
0.100 mex
30.0 max
0.120 max
30.0 max
0.120 max

*x



4.1.22 Digital Data Acquisition System (1B55817 J)

The digital data acquisition systenm (DﬁAS) test provided operational status
verification of data channels on the stage, except certain data channels that
were tested during speciiic system tests. The outputs of the tested channels
were checked by the GSE Do24A computer and found to be within the specified
tolerances. The computer alsc verified the proper operation of all DDAS signal
conditioning units and associated amplifiers, the remote automatic calibration
system (RACS), the command calibration chamnel decoder assemblies, and the

telemetry transmitter and antenna systems.

Components tested by this procedure consisted of the PCM/DDAS assembly, P/N
1B65792-1, S/N 6800054; the CP1-BO time divieion multiplexer, P/N 1B65897-1,

S/N 07; the DP1-BO time division multiplexer, P/N 1865897-501, §/N 05; the remote
digital submultiplexer (RDSM), P/N 1B66051-501, S/N 05; the low level remote
analog submultiplexer (RASM), P/N 1B66050-501.1, S/W 06; and the PCM RF assembly,
P/N 1B65788-1, S/N 15501.

Three tests were conducted to successfully demonstirate proper operational status
for all data channels checked. Test attempt one was conducted on 10 June 13968,
Channel melfunctions for measurements DO0Z, DO16, and DO43 necessitated a second
test attempt after replacement of instrumentation hardware per FARR's 500-226-T790
and 500-226-927 and other corrections. Test attempt two conducved on 21 June
1968, was a successful DDAS automatic checkout with the exception of channel
maifunctions for measurement IE31. After replacement of the transducer kit

per FARR 500-825-530, a special test for I231 only was satisfactorily completed
on 22 June 1968. Variable data quoted in this narrative is taken from the

successful test of 21 June 1968.
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h.,1.22 (Continued)

A1l chamnels heving a calibration capability were compared one at a time, by
the computer, to the tolerance limits. Transducer analog outputs were signal
conditioned and fed to the multiplexers, The multiplexer unit input chamnels
were electronically sampled at a given rate, and the samples fed into the
digital data acquisition assembly (DDAA). The DDAA received these output
samples through a time share gate and converted them to 10 bit binary coded
words., The DDAA output was fed into the ground station and the PCM RF trans-
mitter by coaxial ceble; then, the ground station output was fed into the

canputer for tolerance verification,

High mode and/or low mode calibration commend signals were provided by the
RACS, by binary coded ground commands to a central calibration commard decoder
assembly in the stage. These signals were fed into the signal conditioning

modules to provide channel operation verification in the DDAS,

Chennels without RACS cepability and spare channels were tested by comparing
the end item outputs at ambient conditions to tolerance limits. Ambient con-
ditions were defined as TOOF at 14,7 psia, and for bilevel parameters, the
normal state of valves or switches during the performance of this test., All
channel. outputs were measured, and the results were recorded on the line-

printer,

The telemetry antenna system operation was checked by verifying that the PCM
RF assembly output forward power, the antenna system reflected power, and the

antenna system VSWR were all acceptable.
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4,1.22 {Continued)
After establishing initial conditions, a DDAS ground station calibratiocn was
performed to verify that the DDAS ground station and peripheral equipment were

properly setup and ready for test.

During the PCM RF test, the forward and reflected RF output powers of the pcM/
DDAS assembly were measured through the CP1l-BO and DP1-BO multiplexer telemetry
outputs; and the voltage standing wave ratios (VSWR) were determined. The same
measurenents were also made through the ground monitor outputs for both pmulti-
plexers. The CP1-BO multiplexer telemetiry readings were: forward power, 22.099
watts; reflected pover, 1.160 watts; VSWR, 1.59%. The DP1-BO multiplexer
telemetry readings were: forward power, 22.068 watts; reflected power, 1.129
watts; VSWR, 1.584. The CP1-BO multiplexer ground monitor readings were:
forward power, 22,009 watts; reflected power, 0.069 watts; VSWR, 1.118. The
DP1-BO multiplexer ground monitor readings were: forward power, 22.000 watts;
reflected power, 0.075 watts; VSWR, 1.124. High and low RACS tests were then
conducted on measurement channel CPl-BC-05-10 foxr the aft S volt excitation
module voltage, while both the ground monitor and telemetry outputs were
measured. High RACS for telemetry and ground monitor ou‘tp;xts were 3.999 vde
and %.005 vdc, respectively. Iow RACS were 0.000 vde and -0.005 vde, respec-
tively, for telemetry and ground monitor outputs. ALl measurements were within

the acceptable tolerances.

The CP1-BO multiplexer test made measurements of the high and low RACS voltages
of each channel having calibration capability, and measurements of the ambient

oatputs in units of temperature, pressure, voltage, current, freguency, event

151



k.1.22 (Continued)

indication, liquid level indication, and position indication, as. applicable
for the various chamnels. Output values for each of the CP1-BO multiplexer
chennels tested on 21 June 1968, were within the required limits with the
exception of chamnels for pitch and yaw position measurements GOOLl and GOO2.
These were manually verified to be within tolerance after correcting the

improper centering of the J-2 engine,

The DP1-BO multiplexer test was also run, except for special channels, in the
game manner as described for the CP1-BO muitiplexer. All channel outputs for
the test on 21 June 1968, were within tolerance with the exception of measure-
ment T231. Channels for D231 were tested satisfactorily on 22 June 1968, after

replacement of the transducer kit.

Special channel tests were also conducted. These special channels measured
L00 Hz, 100 Hz, and 1500 Hz signals. The 400 Hz test checked the static
inverter-converter frequency, the LOX and ILHp chilidown inverter frequencies,
and the LOX and 1H, circulation pump flow rates. The LOX and LH, flowmeter
tests at 100 Hz followed the 40O Hz test, and the LOX and LH, pump speeds were
checked using the 1500 Hz signal. CQut-of-tolerance high and low RACS volrages
for measurements MO12, M028, and MO29 resulted in repeating the special channel
tests after correcting the test frequency entered into the program, which was
responsible for the malfunction. A1l of the special channels were within the

required tolerances of the expected values for the final test.

An APS simulator multiplexer test and a J-2 engine pressures multiplexer west

were run to check those channels on both multiplexers that measured the APS
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simulator and special J-2 engine functions. Measurenents were made qf the high
and low RACS voltages for each of the APS siﬁﬁlator and special J-2 engine
chammels heving calibration capability; and the ambient oubtputs were measured
in °F or psia, as appropriate for the chammel tested. All APS simulator and

J-2 engine special channels were within the reduired folerances,

The last check conducted was the umbilical measurements test., Umbilical mea-
surements were made for smbient pressure and voltage checks of the LOX and LHs
chilldown pump differential pressure transducers, After the umbilieal checks,
these measurements were returned to their respective telemetry channels and
verified. Next, a multiplexer test was run for the common bulkhead internal
pressure chammel including high and low RACS volitages and ambient ouiput pres-
sure, Then, additional wmbilical measurements included the 20 per cent and

80 per cent calibration checks of the common bulkhead pressure and the umbili-
cal LOX and LH» uwllage pressure measurcments. Ambient pressure checks of the
LOX and IHo eﬁergency detection system transducers completed the umbilical
measurements test., All measurements for the test were within tolerance, end

the DDAS was accepted for use,

Fifteen revisions were recorded in the procedure for the following:
8. Two revisions corrected program and procedure errors.
b. Two revisions updated the program for initial conditions scan
to the latest requirements. These had no bearing on DDAS
testing.

c. One revision prdvided additional delay time to provide satis-
factory warmm~-up of the 5-volt transducer GSE power supply.
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One revision deleted OpHp burner valve measurements that were
not applicable to the restartable burner configuration for the
stage.

One revision provided a test plan to investigate the channel

» malfunctions for measurement D002 which occurred during test

attempt one.

One revigion anthorized the second DDAS test attempt which
was successfully conducted on 21 June 1968, with the exception
of chamnels for measurement DI231.

One revision authorized the special test for measurement D231
on 22 June 1968, after replacement of the malfunctioning instru-
mentation.

Cne revision indicated that an out-of-tolerance indication,
for aft hattery 2 simulator voltage during test atbtempt 2,
occurred because the aft 2 power supply was not turned on.
After power turn on, the program was satisfactorily resumed.

One revision authorized g manual test of channels for measure-
ments GOOL and GOO2 after correcting J-2 engine position, wiich
was responsible for malfunction of these channels during amto-
matic test attempt two.

Three revisions concerned program changes to correct the 400 Hz
test frequency entered into the program, which had resulted in
channel malfunctions during the 400 Hz special channel tesi.

One revision provided program changes necessary to verify 10X
and IHo chilldown pump differential pressure measurements that
were returned to thelr respective telemetry chamnels afier the
umbilical checks were completed.
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I 31,23 Final Prefire Propulsion System Leak Check (1B70175 G)

Final leak checks fdf‘fhe stage fropulsion system were conducted prior to
acceptance firing after all other stage checkouts had been completed. The
primary purpose ¢f the final prefire leak checks was to test for any external
leskage that could occur as a result of system distrubance during checkouts
conducted after the prefire propulsion system leak check procedure had been
campleted. FExamples of system disturbances that required a repeat of the
external leak checks included removal and replacement of instrumentation,
replacement of malfunctioning components, and plumbing connections required

to facilitate prefire checkouts.

Due to an extended period of checkout inactivity on the Beta TIIT Test stand,
a special issue of the propulsion system leak check was performed between

19 June and 10 July 1968. This procedure was [or & post refurbishment check
of the test stand facilities and firing crew re<orientation. The final pre-
fire leak checks were performed between 12 July and 16 July 1968. For the
purpose of this narrative, only the finsl issue of the procedure will be
discussed and all data listed in the text and the test data table are the
result of the final issue, with the exception of the engine thrust chamber
leask checks which were accomplished by the first ilssue. The listing of revi-

sions in the later section of this narrative were taken from both issues,

After the preliminary test equipment was set up, the checkout was started by
taking vacuum readings of the stage vacuun jacketed ducts., All vacuun levels

measured were acceptable, as listed in the Test Data Table.
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4,1.23 (Continued)

The stage ambient helium system leak checks were conducted next, with the
pneumatic control sphere and the LOX and LH, embient helium repressurization
spheres pressurized with helium to 1450 +50 psig, and the control regulator
discharge pressure set at 515 iﬁo psig. All portions of the system were
checked for external helium leakage with a helium leak detector and LOX com-
patible bubble solution AMS3159., In addition, the pneumatic actuation control
modules were checked for internal leakage by monitoring each module vent port

for the 6.0 scim maximum allowable leskage.

ATter the satisfactory completion of the ambient helium systems leak check,
the cold helium system was leak checked with helium by pressurizing the cold
helium spheres to 950 +50 psig, and using the helium leak detector to check
all plumbing, including the OgHp burner portion of the system, for external
leakege., The cold helium system was then depressurized and all bolted cono-
seal flanges and tube fittings from the cold heliumm sphere manifolds to the
LOX pressurization module were tightened to check the breakaway torque, Sub-
sequent to the torgue check all bolted flanges and tube fittings were safety
wired and tordque stripped. The system was re-pressurized and a second leak
check was performed, ¥our conditions of leakage were noted and all were

corrected by the retightening of B-nuts.

After completing the setup operations for pressurizing the 10X and LHp tank
assembly, the Oglip burner nozzle plug was installed in preparation for the

burner propeilant system leak checks., Pressurizing the LOX and LHp tank
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4.1.23 (Continued)

assembly with helium to 5 + 0, -1 psig, the OgHp burner propellant valves and
LOX shutdown valve were individually checked for internal leaskage at the

burner nozzle plug monitoring ports. Next, the burner nozzle plug honitoring
ports were cepped, and the burner propellant valves were opened to lock up
pressure between the tank assembly and the nozzle plug. The entire Oolip
burner propellant system was then checked externally for leakage from the

tank essembly to the burner nozzle plug., One condition of leakage was noted

at the OgHy burner number two injector. The leak was corrected by retightening

the injector cap.

The burner propellant valves were then closed, the downsiream systems were
vented, and the burner nozzle plug was removed in preparation for the LOX and
LH> tank assembly pressure decay checks, These were accomplished by closing
all engine and burner propellant supply valves, to maintain static helium
pressure in the tank assembly, and monitoring any loss in tank pressures over
& 30 minute period. The pressure requirements were 15 + 0, -1 psig for the
LOX tapk and 9 + 1, -0 psig for the LH, tenk. Prior to the pressurization,
gas samples were tsken from both vanks and analyzed for helium content, The
results of the helium concentration check and the pressure decey check for

the LOX and LH, tank assembly are listed in the Test Data Table.

Next, the control helium bottle fill valve was closed and z 30 minute combrol

sphere pressure decay check was made (refer to the Test Data Table).

While maintaining the LOX tank helium pressure at 15 + 0, -1 psig, the 10X

propellant supply line (low pressure duet) to the J-2 engine was pressurized
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4,1.23 (Continued)

with helium at 15 $0-30C psig., The entire IOX propellant supply system, the
recirculation system, and the LOX tank £ill and drain line were checked for
external leakage from the LOX tank downstream to the J-2 engine, including
the LOX turbopump and all related pump discharge plumbing, This included
the PU valve, the main LOX shutoff valve (MOV), the ASIT valve, and the gas
generator oxidizer cireuitry terminating at the gas generator oxidizer valve.

No external leskage was recorded for the LOX system.

After venting the LOX low pressure duct, the LHp, low pressure duct (propellant
supply to the J-2 engine), was pressurized with helium at 10 to 30 psig while
the LOX tank and LH, tenk pressures were maintained at 10 to 15 psig and 10 40,
~1 psilg, respectively. The LHp system for the LHp tank through the J-2 engine
was then checked for external helimm leakage, similarly to the LOX system
previously described, A fuzz leak, too smell to measure, was noted at the
oxidizer pump outlet to the oxidizer high pressure duct leak check port. The

leak was acceptable as it was below the maximum allowable leakage of 1 scim.

The J-2 engine start system was leak checked by pressurizing the tank with
helium to 500 +10 psig and checking all connections for external leakage., No
leakage was detected, Af'ter allowing the start tank pressure to stabilize for
2 hours, the start tank temperature and pressure were measured and recorded.
Af'ter 1 hour these measurements were repested to caleulate the helium mass
decay rate for the start tank. IIS 396658 reported that the engine start

tank mass decay rate was 0.039% pound-mass/hour, above the 0.0066 pound-mass/

hour maximum, Investigation revealed a faully pressure transducer, D-525.

158



h,1.,23 (Continued)

After replacement of the transducer the mass decay rate check and leak check
were satisfactorily completed, The calculated decay rate was 0.0038 pound-
mass/hour, which was acceptable based on an allowsble mass decay rate of

0.0066 pound-mass/hour.

The J-2 engine control sphere was then pressurized with helium to between 225
psig and 250 psig in preparation for the engine pneumsatic leak checks. The

low pressure side lesk check wes then conducted to determine internal leakage
within the engine pnewmatic control package. ILeakage rates as measured at

the prneumatic control module cammon vent port were within the acceptasble toler~
ances, as listed in the Test Data Table. The engine control sphere pressure
was then increased to 300 +10 psig and the helium control sclenoid was turned
on to pressurize the pressure actuated purge system fDI: external leak checks,
No leaks were detected. The engine control sphere pressure was then increased
to 1450 +50 psia for the pneumatlic control high pressure side retention test.
After allowing the control sphere pressure to stabilize for 1 hour, the control
sphere temperature and pressure were measured and recorded to caleculate sphere
helium mass. This was repeated 1 hour later to obtain a calculateé engine
control sphere helium mass deczy rate of 0.0007 pound—mass/hour, wvhiech was

acceptable based on an allowable decay rate of 0.036 pound-mess/hour.

The LHé and LOX tanks and the engine systems were then purged, after which
gas samples from the tanks were taken to establish the final acceptable pre-
fire helium concentration for the propellant tank assembly. The resulis are

listed in the Test patea Table. Tank blanket pressures were then maintained
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4,1.23 (Continued)
with helium, at 5 +0, -1 psig for the 10X tank and 3 +0, ~1 psig for the Lis
tank., All systems, except the LOX and LH, tanks, were vented to ambient and

secured.,

Final checks were then made to verify that the umbilical hoses required for
static firing were installed, and that the unrequired stage umbilical ports
were capped off. The checkout was completed by verifying that the required
electrical cables were commected to the proper solenoid valves in the LOX and
LHp tank pressurization modules. There were no areas of unacceptable leakage
detected, no FARR's were initiated, and the stage was designated acceptable

for static firing countdown operations.

Sixty~-eight revisions were recorded in the two issues of the procedure as
follows:

a. Pwenty revisions were required to update the procedure to the
latest configuration.

b. Nine revisions added or changed requirements that were missing
or in error.

c. Three revisions concerned the leak check of a newly installed
pneunmatie power control module,

d. ‘Pwo revisions authorized s decay and leak check to verify that
the ASI block was sealed to the engine dome, .

e. Pwo revisions deleted steps that had been previously accomplished
in other procedures,

f. Two revisions added the note "do not continue procedure until
the 30 minute purge is complete" %o prevent spinning of the
engine flowmeter,

£. Two revisions reran leak checks after seal replacement io
correct leakage conditions,
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h, Two revisions concerned items held over from the preliminary
lesk check procedure.lBTlBTT

1. Two revisions concerned a post cold flow leak and torgue
check of the cold helium system.

J. One revision deleted venting the LOX and LHs tanks as both
tanks were at leak check pressure for bulkhead sampling.

k. One revision deleted the thrust chamber lesk check in the
£inal issue as the thrust chamber was not chilled during
the cold flow.

1. One revision increased the flow rate for the LHp low pressure
duct pressurization.

m, One revision changed the stage control sphere pressure from
750 +50 psia to 550 +50 psia, to maintain the control regulator
discharge pressure below the meximum limit of 605 psig.

n. One revision authorized an additional decay check of the engine
start tank as the first readings were not accurate,

O. One revision reran the engine start tank decay check after
replacement of transducer D-525.

P One revision deleted the leak check of the aft skirt tunnel
purge line as the line had been checked prior to the cold
flow and was not subjected to temperature cycling during the
cold flow.

d. One revision deleted the requirement to purge the LOX and Lip
tanks as the tanks were purged during the cold flow shutdown
operations and were secured at 99.9 per cent helium concentration.

Ir. One revision esuthorized the removal and reinstallation of the
LOX chilldown pump orifice, to determine its size.

5. Two revisions concerned a lezk check and bolt torgue check
of the LOX pressurization module affer replacement of the
module per FARR 500-372-Obkt during the cold flow test,

%. One revision concerned changing the pressure level of the
stage control sphere from ambient to 500 +50 psig so the
sphere conld be held at a safe level without dumping to
ambient.
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4.1.23 (Continued)

., One revision specified a leak check of the LOX pressurization
line at the test plate installation.

V. One revision authorized an additional checkout of the engine
start tank integrity checks and leask checks subsequent to
replacement of the T¥F1l transducer.

w. One revision specified the performance of a leak check of the
LHo and LOX repressurization plenums.

X, One revision concerned the installation of a 0 to 600 psig test
gauge at the closing pneumatic port of the ILCX prevalve to
perform preliminary leak checks of the prevalve,

V. One revision authorized a cycle purge of the LOX and the LHp
tanks to attain a 99 per cent helium concentration in support
of a PU system test.

2, One revision concerned & leak check of transducer D231 after
removal and replacement,

aa, One revision authorized removal and preplacement of the seal
between pipe assemblies, P/N 1B55285-1 and 1B68899-1 in
support of TAN 11585R1.

ab, One revision authorized a leak check of the non-propulsive
vent connection on the LH, tank.

ac, One revision gave instructions to rerun the leak check of
the OoHp burner injector after replacement of the igniters.

ad. One revision authorized recomnecting flex line No, T323 o
umbilical No, 5 after completing a special test.

ae, One revision outlined a special integrity check of the idp
tank vent and reliefl valve relief pressure.

af, One revision repeated sections that were previously accomplished.

4,1.23.1 Test Data Table, Final Prefire Propulsion System Leak Check

Stage Vacuum Duct Readings

Reading (Microns) Limiss (Microns)
LHo LPD Upper 175 Iess than 250
LH2 IPD Lower 15 Less than 250
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4.1.23.1 (Continued)

Reading (Microns) ] Limits (Microns)
LHs Recirculation 20 Less than 250
OgHo Burner Propellant Upper T2 Less than 250
OgHo Burner Propellant Lower 12 Less than 250
OoHs Burner Propellant 100 Less than 250
Ambient Helium System Decay Check
Initial (psig) Final (psig) Limits

Cold Helium Sphere 1koo 1koo *
LOX Repress Sphere 1400 1400 *
LHp Repress Sphere 1400 1400 *
Control Helium Reg.

Discharge 530 530 *®

LOX and LHp Tank Helium Concentration

Reading (%) Limits (%)
LOX Tank: Top 100,0 75 min
Bottom 100,0 T5 min
LH2 Tank: Top 99.7 T5 min
Bottom 99.7 75 min

LOX and LH» Tank Pressure Decay Test

Initial (psig) Final (psig) Limits
LOX Tank 1k.5 14,8 *
LHp Tank 9.3 9.3 *

Thrust Chamber Valve Actuator Shaft Seal l.eak Checks

Measured (scim) Limits {scim)
MOV Idler 0.0 3.3 max
MFV Tdler 0.0 3.3 max
MOV 2nd Stage Actuator 0.0 3.3 max
MFV Actustor 2.9 3.3 max

¥  Limits Not Specified
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h.1,23.1 (Continued)

Engine Pnsumatic Control Package (Low Pressure Side) Leak Check

Vent Port Flow (scim) Limits (scim)
Helium Control Solenoid On 1.31 20 max
Ignition Phase Solenoid On 1l.62 20 max
Mainstage Solenoid On 1.62 20 max

LOX Pressurization Module Iesk Test

Measured. {scim) Limits (scim)
Cold Helium Shubtoff Vlv Seat
Leakage and Pilot Leakage 0.0 12.5 max
Hot Gas Bypass Vliv Seat and
Pilot Bleed Leakage 210 3000 max
Finel Helium Concentration Check
Reading (%) Limits (%)
LOX Tank: Top 99.8 99 min
Bottam 99.8 99 min
LH2 Tank: Top 89%.9 99 min
Bottom 99.9 99 min
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4.1.24 Inteprated System Test (1B55831 G)

This automatic checkout verified the design integrity and operation capabili-
ty of the S-IVB stage and facility systems which were functional during

propellant loading and static acceptance firing.

The automatic and manual test sequences performed during this checkout were
initiated on 22 June 1968. A second issue was required due to replacement
of the 02H2 burner ignitors. Initial conditions for the second issue were
established on 2 July 1968. The narration and the test data are taken from
the second issue. The stage power setup procedure established initial con-
ditions and systematically applied power to the stage buses and systems re-

quired for operation of the test,

The GSE valve functional checkout established an ambient condition in the
pneumatic console by bleeding down all regulators and resetting them to pre-
determined values. All console and sled valves used in propellant locading

and static acceptance firing were cycled, and the heat exchanger was function-
ally checked., There were two malfunctions that indicated the helium console
value did not open and that the stage 3 pressure was not reached in the
allotted time. The hellum console value was slow to open and the program saw
a not open indication. An isolation hand valve for the stage 3 GHZ pressure
was closed giving an indication of no pressure, The valve was opened and

the pressure readings were normal.

The telemetry and digital data acquisition systems were checked next, with

the PCM transmitter operated open loop during this section, The telemetxry 3
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4,1.24 (Continued)

step calibration high and low RACS, and special calibrations of flows,

speed, and frequencies were commanded to provide verification of all calibra-
tion techniques. The parameters on the CP1-BO and DP1-BO multiplexers and
remote analog and digital submultiplexers, which were required for loading

or firing, were verified by receipt of the proper response through open loop
PCM transmissions. During the CP1-BO multiplexer test, thirty-seven func-
tions were verified to be off and twenty functions were verified to be on.
The DP1-BO multiplexer test verified seven functions to be off and thirteen

functions to be on.

The torch and water test was performed satisfactorily. Following setup of the
console GHZ2 supply, the GH2 igniters, diffuser water, deflection plate water,
and aspirator water were functioned in sequence. This series of events

verified that proper water pressures and torch ignition signals were received.

During the stage valves and 02H2 burner functional checkouts, the LHZ and LOX
vent valves and the fill and drain valves were opened and closed while the
valve operating times were measured. Then the LOX and LH2 valves were opened
and boosted closed and the boost close times were measured, The LOX and LH2
prevalves and chilidown shutoff valves were closed and opened while the opera-
ting times were measured. The LHZ directional vent valve was set to the
flight and ground positions while the operating times were measured; then the
simulated 02H2 burner firing flight sequence was conducted. Four malfunctions
were recorded during this section; two were attributed to program errors,

one was due to stage miswiring. The fourth malfunction occurred because the

pressure in the LOX chilldown motor cannister was not up to the desired

166



4.1.24 (Continued)

pressure of 50 psig. The pressure in thé cannister is a function of the
shaft seal leakage which varies with shaft position. The pressure of 40 psig

was acceptable.

Engine gimbal testing followed the stage valve functional test. The auxiliary
hydraulic system was operated while verifying the proper pressures and levels
prior to and after restrainer link disengagement. The J-2 engine received a
step gimbal signal, as well as 1/4 and 1/2 degree sinusoidal inputs of 6.0,

5.0, and 7.0 Hz. The checkout proceeded without any malfunctions.

A final dry sequence of the J-2 engine, through the use of simulation commands
for ASI ignition and mainstage ignition, was conducted to verify proper en-

gine operation as well as the ESCS spark monitoring circultry,.

The ullage rocket ignition and jettison EBW units were functionally certified

by charging and firing into the pulse sensors.

The overfill point level sensors and depletion points level sensors were proven
to operate satisfactorily by cycling the sled main fill and replenish valves
with 2-ocut-of-3 depletion sensors verifying the cutoff logic operations. In
addition, the individual ability to create a cutoff was proven for the engine

lockout component test power and engine lockout GSE power.

The propellant utilization system test verified that the inverter—converter
outputs were correct and cycled the PU mass bridge, which created positive
and negative error signals for verification of the engine PU valve position,

Two malfunctions occurred during this section, both were concerned with the
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4.1.24 (Continued)

forward bus 1 voltage indicating out-of-tolerance. The surface charge of the

batteries was drained off and the test was concluded.

The stage bus internal power was setup by the use of secondary battery power.
The forward internal/external cycle was completed by switching normal tele-
metry current to forward bus 1 and PU current to forward bus 2. Following

the APS and range safety functional checks, the aft bus 1 was cycled from
internal to external with stage ambient and APS currents at ambient. The LOX
and LH2 chilldown inverters were operated for current and frequency tests; then,
aft bus 2 was switched from internal to external. This cowpleted stage test—

ing for the integrated system test.

Engineering status review indicated that all parts were installed at the start

of this test, and the procedure was accepted on 9 July 1968.

There were a total of sixty-nine revisions made to the two issues of the

procedure for the following:

a. Twenty-six revisions were required to update the procedure to the
latest configurationm.

b. Twenty~two revisions added or changed requirements that were
nissing or im error,

c. Four revisions attributed four malfunctions of pressure switches
during the deflector water test, to a hand isolation valve being
closed and to incompleted wiring modificatioms,

d, Two revisions changed the stage bus power tolerance from 28 + 0.5
vde to 28 + 2,0 vde, as the external power cannot be maintained
within the 4+ 0.5 vdc tolerance before power is applied to the
stage.,

e, Two revisions concerned the failure of the LH2 tank GHZ purge
supply valve to open in the 1 second allowed by the program. The
valve opened 10 seconds later. A checkout indicated no problem
with the valve as the valve was cycled manually with no slow action.
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(Continued)

Two revisions stated that a SIM interrupt occurred due to a wiring
change made by ECP 2798, which connected the shutdown bus to the
EDS 1 cutoff.

One revision stated that due to incomplete wiring in J-box
N69-3, an expected "deflection water pressure switch 2 not on"
was received.

One revision concerned dual talkback of the 2000 psi helium
crossover valve, The talkback was adjusted on GSE FARR 500-225
-548.

One revision stated that the GH2 igniter supply valve operated
slow during the torch functional test. Investigation indicated
no apparant cause,

One revision attributed a SIM interrupt to an operator's error.

One revision attributed the malfunction of the torxrch ignition
detector to torch talkback switch maladjustments, The talkback
switch was adjusted and the program continued.

One revision stated that the forward bus 2 voltage was out-of-
tolerance during stage power setup. The bus veoltage which was
too low was subsequently adjusted and the program continued.

One revision stated that due to an instrumentation problem the
main oxidizer valve did not appear to move. The instrumentation
was corrected and OLSTOL was entered to repeat the engine sequence
to verify proper operation of the wvalve.

One revision concerned the out-of-tolerance reading of measurement
M 061, The channel indicated 1.008 vde, the reading should have
been 0 + 1 vde. The condition was accepted on FARR 500-225-572.

One revision stated that the emergency stop during engine gimbaling
was initiated per a test stand operator's request. The flexible
duct covers had not been removed., No damage resulted and the test
was continued.

One revision attributed two malfunctions of the forward bus 1
voltage to a surface charge on the batteries. The surface charge
was drained off and the program continued.

One revision explained that the 02HZ shutdown reset does not reset
the engine cutoff, therefore when the program requests that engine
cutoff be given, cutoff is already there and the program continues
and requests for a cutoff reset. Depressing the reset button
therefore, generates the SIM interrupt on chanmel 145.
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4,1.24.1 Test Data Table ~ Integrated System Test

CP1-BO Multiplexer Ambient Measurements and High and Low RACS Voltages

Meas,
No.

D043
M025
M025
M025
D236
D236
D236
D225
D225
D225
D0le
D016
DO16
D019
DO19
Do19
D018
D018
Do18
M024
M024
M024
M068
#0668
M068
Do17
D017
DO17
G001
GGo2
D020
D020
D020
D177
D178
DO88
Do8s
Dogs
D179
D180
LOO7

Function

Amb OQutput
Hi RACS Test
Lo RACS Test
Amb Output
Hi RACS Test
Lo RACS Test
Amb Output
Hi RACS Test
Lo RACS Test
Amb OQutput
Hi RACS Test
Lo RACS Test
Amb CQutput
Hi RACS Test
Lo RACS Test
Amb Qutput
Hi RACS Test
Lo RACS Test
Amb OQutput
Hi RACS Test
Lo RACS Test
Amb Output
Hi RACS Test
Lo RACS Test
Amb Output
Hi RACS Test
Lo RACS Test
Amb CQutput
Amb Qutput
Amb Output
Hi RACS Test
Lo RACS Test
Amb OQutput
Amb Cutput
Amb Output
Hi RACS Test
Lo RACS Test
Amb Qutput
Amb Qutput
Amb Qutput
Amb Output

Measurement

2359.118 psia
4.005 vdc
-0.005 vde
4.975 vde
3.989 vde
1.005 vde
13.086 psia
3.994 vde
1.015 vde
12.410 psia
4,015 vde
1.030 vde
18.136 psia
"4,035 vde
1.040 vdc
50.652 psia
4,066 vdce
1.066 vdc
15.300 psia
4,020 vde
-0.005 vde
5.006 vde
3.999 vdc
0.000 vde
5.001 vdc
4,056 vde
1.062 vdce
14.884 psia
-0.410°F
0.377°F
4,076 vde
1.015 vde
1.869 psia
14.764 psia
14,959 psia
3.953 vde
1.046 vdc
35.521 psia
14.644 psia
14.538 psia
47.810 pet
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Limits
2350.000 + 125.000 psia
4,000 + 0.500 vde
0.000 + 0.050 vdc
5.000 + 0.030 vdc
4,000 + 0.100 vdc
1.000 + 0,100 vdc
14,700 £+ 70.000 psia
4,000 + 0.100 vde
1.000 + 0.100 vde
14.700 + 10.000 psia
4,000 + 0.100 vdc
1.000 +  0.100 vdc
14,700 £ 70.000 psiza
4.015 + 0.100 vde
1.041 ¥  0.050 vde
14.700 + 70.000 psia
4.071 + 0.050 vde
1,071 + 0.050 vde
14,700 + 15.000 psia
4,000 + 0.05C vdc
0.000 + 0.050 vdc
5.000 + 0.030 wvde
4,000 + 0.050 vde
0.000 + 0.050 vdc
5.000 + 0.030 vdc
4,056 + 0.050 vde
1.056 + 0.050 vde
14.700 + 30.000 psia
-0.300 + 0.400°F
0.300 + 0.400°F
4,000 £+ 0.100 vdc
1.000 + 0.100 vdc
14,700 + 70.000 psia
14,700 + 1.000 psia
14,700 + 1.000 psia
4,000 + 0,100 vdc
1.000 + 0.100 vde
14,700 + 70.000 psia
14,700 £+ 1.000 psia
14,700 + 1.000 psia
50.000 + 10.000 pet



4,1.24.1 {Continued)

DP1-BO Multiplexer Ambient Measurements and High and Low RACS Voltages

Meas.

No. Function ’ Measurement Limits

D236 Hi RACS Test 3.989 vdc 4,000 + 0.100 vdc
D236 Lo RACS Test 0.999 vde 1.000 + 0.100 vdc
D236 Amb Output 9.348 psia 14,700 + 70.000 psia
D043 Amb Output 2356,438 psia 2350,000 +120.000 psia
c138 Hi RACS Test 4,010 vde 4,000 + 0.075 vdce
€138 Lo RACS Test 0.0106 vde 0.000 + 0.075 vdc
C138 Amb Output 68.617°F 70,000 + 16.000°F
M025 Amb Output 4,994 vdc 5.000 + 0,030 vdc
D209 Amb Qutput 13.289 psia 20.750 + 11.950 psia
MO74 Amb Output -0.005 vde 0.000 + 0.075 vde
MO73 Amb Output 0.000 vde 0.000 + 0.075 vdc
Dole Hi RACS Test 3,999 vde 4,000 + 0.100 vde
Dolé Lo RACS Test 1.025 vde 1.000 + 0.100 vdc
D016 Amb Qutput 14,317 psia 14.700 + 70.000 psia
D014 Amb OCutput 18.438 psia 14,700 + 13.000 psia
D019 Hi RACS Test 4,030 vde 4,041 + 0.050 vde
D019 Lo RACS Test 1.035 vde 1.041 £+ 0.050 vdc
D019 Amb Output 54,217 psia 14,700 + 70.000 psia
M006 Amb Output 27.938 vde 28,000 + 2.000 vdc
MO07 Amb Output 0.000 vde 0.000 + 1.000 vde
D050 Amb Qutput 14,565 psia 14.700 + 3.000 psia
D054 Hi RACS Test 3.99% vde 4,000 + 0.100 vdc
D054 Lo RACS Test 1.025 vdc 1.000 + 0,100 vdc
DO54 Amb Output 14,811 psia 14.700 + 2.000 psia
M024 Hi RACS Test 4,020 vde 4,000 + 0,050 vdc
MO24 Lo RACS Test -0,005 vde 0.000 + 0.050 vde
MOZ4 Amb Output 5.006 vdc 5.000 + 0.030 vde
M068 Hi RACS Test 3,999 vde 4,.000-+ 0.050 vdc
M068 Lo RACS Test -0,005 vdc 0.000 + 0.050 vdc
M068 Amb Output 5.000 vde 5.000 + 0.030 vdc
DOLY Hi RACS Test 4,056 vdce 4,051 + 0.050 vde
D017 Lo RACS Test 1.062 vde 1.051 + 0.050 vdc
Do17 Amb Output 17.004 psia 14,700 + 30,000 psia
Cc006 Hi RACS Test 4,061 vde 4,000 + 0.075 vdc
C006 Lo RACS Test 0.010 vde 0.000 + 0.075 wvde
co0é Amb Output 72.018°F 70.000 + 18.000°F
D103 Amb Output 14.729 psia 14.700 + 3.000 psia
G001 Amb Qutput ~0.410°F -0.300 + 0.4C0°F
G002 Amb Output 0.361°F 0.300 + 0.400°F
MO10 Hi RACS Test 4,010 vde 4.000 + 0.060 vde
M010 Lo RACS Test 1.015 vde 1.000 + 0.060 vdc
MO10 Amb Output 0.365 vde 0.000 + 1.000 vdc
D020 Hi RACS Test 4,076 vdc 4,000 + 0,100 vde
D20 Lo RACS Test 1.010 vdc 1.000 + 0,100 vde
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4,1.24.1 (Continued)

DP1-BO Multiplexer Ambient Measurements and High and Low RACS Voltages

Meas.
No.

D020
€231
C231
c231
Co01
Ccoo1
o001
D177
D178
D105
D105
P105
€230
€230
€230
bo8s
D088
Do88
€002
coo2
€002
D179
D180
MO26
MO27
MO41
MO4O
M060
MO60
M0e0
MO061
MO61
MO6l1
LO07
€199
C199
C199

Function

Amb OQutput
Hi RACS Test
Lo 0cACS Test
Amb Qutput
Hi RACS Test
Lo RACS Test
Amb OQutput
Amb Output
Amb Cutput
Hi RACS Test
Lo RACS Test
Amb Output
Hi RACS Test
Lo RACS Test
Amb Output
Hi RACS Test
Lo RACS Test
Amb Output
Hi RACS Test
Lo RACS Test
Amb Output
Amb Qutput
Amb Output
Amb Output
Amb Output
Amb OQutput
Amb Output
Hi RACS Test
Lo RACS Test
Amb Qutput
Hi RACS Test
Lo RACS Test
Amb Output
Amb Qutput
Hi RACS Test
Lo RACS Test
Amb Cutput

Measurements

1.869 psia
3.999 vde
0.000 vde
-155,.555°F
4,046 vde
0.035 vde
90.908°F
14.944 psia
14.959 psia
3.964 vdc
1.020 vdc
14,047 psia
4,025 vde
-0.015 vde
~378.438°F
3.948 wvde
1.051 vdce
31.782 psia
4.010 vde
0,005 vde
63.798°F
14.944 psia
14,497 psia
0.000 vac
0.000 vac
0.000 vac
0.000 vac
4.035 vdc
0.990 vde
4,841 vae
3.958 vdce
1,015 vde
~0,308 wvde
47.560 pet
4,046 vde
-0.015 vde
74.328°F
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Limits
14,700 + 70.000 psia
4.000 + 0.075 vde
0.000 + 0.075 vdc
-155.000 + 8.000°F
4.000 + 0.075 vde
0.000 + 0,075 vde
70.000 + 72.000°F
14,700 + 1,000 psia
14,700 + 1.000 psia
4.000 + 0,100 vdc
1.000 + 0.100 vdc
14,700 + 10.000 psia
4.000 + 0.075 vdc
0.000 + 0,075 vde
~379.000 + 4.000°F
4.000 + 0.100 vde
1.000 + 0.100 vdc
14.700 + 70.000 psia
4.000 + 0,075 vdc
0.000 + 0.075 vée
65.000 + 48.000°F
14,700 + 1,000 psia
14,700 + 1,000 psia
0.000 + 1.500 vac
0.000 + 1.500 vac
0.000 + 1.500 vac
0.000 + 1,500 vac
4.000 + 0,100 vde
1.000 + 0.100 vdc
6.000 + 6.000 vac
4,000 + 0.100 vdc
1.000 + 0.100 vdc
0.000 + 1.000 vde
50.000 + 10.000 pect
4.000 ¥+  0.075 vdc
0.000 + 0,075 vde
70,000 + 21.000°F



4.1.24.1 (Continued)

LOX and LHZ Valve Functional Checks

Function

LHZ & LOX Prevalves
LH2 Vent Valve

LOX Vent Valve

LH2 & LOX G/D Sov

LH2 Vent Valve

LOX Vent Valve

LH2 Fill & Drain Valve

LOX Fill & Drain Valve

LHZ2 & LOX Prevalves
LH2 & LOX ¢C/D Sov

Dir Vent to Flt Pos

Dir Vent to Grd Pos

Measurement

Close Time
Open Time

Open Time
Close Time

Open Time
Close Time

Close Time
Open Time

Open Time
Close Time
Open Time
Close Time

Open Time
Close Time
Open Time
Close Time

Open Time
Close Time
Open Time
Close Time

Open Time
Close Time
Open Time
Close Tine

Close Time
Open Time

Close Time
Open Time

(sec)
{sec)

{sec)
(sec)

(sec)
(sec)

{sec)
{sec)

{sec)
{sec)
(sec)
{sec)

(seec)
(sec)
(sec)
(sec)

{sec)
(sec)
{sec)
(sec)

{sec)
(sec)
(sec)
(sec)

(sec)
(sec)

{sec)
{sec)

{sec)

{sec)
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0.045
1.876

0.120
0.482

0.123
0.371

G.261
1.196

0.085
0.460
0.085
0.292

0.090
0.351
0.090
0.352

0.289
2,339
0,284
0,899

0.272
2.324
0.256
0.945

0.367
1,795

0.206
1.123

0.217

0.205

4,000
4.000

4.000
4,000

4.000
4,000

4.000
4.000

4,000
4.000
4,000
4,000

4,000
4.000
4,000
4,000

4,000
4,000
4,000
4.000

4.000
4.000
4.000
4.000

4.000
4.000

4.000
4,000

4,000

4.000

Limits

max
max

max
max

max

max
max

max
max
max

max
max
max
max

max
max
max
max

max
max
max
max

max
max

max
max

max

max



4.1.24.1 (Continued)

Engine Gimbal Step Commands -~ Restrainer Links Enpgaged

Position Pitch Exec Yaw Exc ™™ Pitech TM Yaw IU Pitch IU Yaw
_(deg)  _ (ma) (ma) Pos(deg) Pos(deg) Pos(deg) Posl(deg)
0° pitch

0° vaw 0,00 0.05 -0.00 -0.01 0.01 0.04
1° pitech

0° vaw 6.70 0.10 0.84 -0.01 0.84 0.04
0° pitch

0° yaw -0.05 0.10 -0.05 -0.01 ~0.04 0.04
1° pitch

0° yaw -6,70 0.00 -1.07 0.00 -1.08 0.04
0° piteh

0° yaw 0.00 0.10 0.01 -0.01 0.01 0.06
0° piteh

1° yaw -0.20 ~-6.55 0.03 -~-0.81 0.03 ~0.74
0° pitch

0° vaw -0.05 0.05 0.01 -0.01 0.01 0.04
0° pitch

1° yaw 0.00 6.55 0.01 1.00 0.03 1.05
0° pitch

0° yaw 0.00 0.10 G.01 -0,01 0.01 0.06
0° pitch

0° vaw 0.00 -0,05 -0.02 -0,01 0.01 0.04
1° pitch

0° yaw 6,70 0.00 1.03 0.00 1.08 0.07
0° piteh

0° yaw 0,00 0.05 ~0.05 -6.01. -0.04 0.04
1° piteh

0° yaw -6.70 .05 -1.07 -0,01 -1.05 0.04
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Engine Gimbal Step Commands

Restrainer Links Dlsengaged

Pasition Pitch Exe Yaw Exe ™ Pitch
_(deg) _{ma) (ma) Pos(deg)
0° pitch

00 }'aw 0010 0.05 -‘0‘00
1° pitch

0° yaw 6.65 0.05 1.04
0° piteh

0° yaw ~0,01 0.05 ~0.07
1° pitch

0° yaw -6,70 0.00 -1,05
0° pitch

0° Y&W -0010 0005 0-01
0° pitch

0° yaw -0,10 -6.55 0.01
0° piteh

0° yaw -0.05 0.00 0.01
0° pitch

1° yaw -0.05 6.70 0.01
0° pitch

0° yaw 0.00 0.05 0,01
0° pitch

0° yaw -0,10 0,10 ~0,00
1° pitch

0° yaw 6.60 0.05 1.03
0° pitch

0° yaw ~0,05 0.05 -0.05
1° pitch

0° yaw -6.75 0.05 ~1.07
0° pitch

0° yaw -0,10 0.00 -0.00
0° piteh

1° yaw 0.05 ~6,55 0.01
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™ Yaw

Pos(deg)

-0.01

""0.01

—0001

-0.01

0.00

-1.01

0.02

1.02

-0.01

0.00

0.00

0.00

0.00

“0.01

-1.00

IU Pitch IU Yaw
Pos(deg) Pos(deg)
0.00 0.04
1.05 0.04
-0.03 0.06
-1.03 0.06
0.01 0.06
0.01 -0.96
0.03 0.07
0.01— 1.09
0.03 0.04
0.01 0.04
1.06 0.07
-0,04 0.06
-1.05 0.06
0.03 0.06
0.03 -0.95



4.1.24,1 (Continued)

Engine Gimbal Commands - Restrainer Links Disengaged (Continued)
Position  Pitch Exe¢ Yaw Exe TM Pitch TM Yaw IU Pitch 1IU Yaw
(deg) (ma) {ma) Pos(deg) Pos(deg) Pos(deg) Pos(deg)

0° pitch

0° yaw ~0,.05 0.05 0.01 0.02 0.04 0.07
0° pitch

1° yaw 0.00 6.70 -0.00 1.03 0.03 1.09
0° pitch

0° yaw ~0,10 . 0.05 0.03 0.00 0.03 0.07

Engine Gimbal Frequency Resgponse

Axis Desired Actual Time Lag Phase Lag Cycles  Sample
(deg) Freq. Freq. (TR=T2-T1) {360) (T3} () Gim'd. Time
0.25° Ptch 0.60 0.53 0.056 16.539 4,10 2.028
5.00 4,21 0.030 45.926 10.63 2.041
7.00 6.13 0.028 62,515 14,64 2,037
0.25° Yaw 0.60 0.52 0.055 10.191 3.07 2.027
5.00 4,05 0.021 31.304 10.71 2,034
7.00 7.06 0.025 64.551 16.18 2,019
0.50° Ptech  0.60 0.05 0.056 10,029 3.04 2.001
5.00 3.98 0.028 40,622 9.93 1.999
7.00 5.36 0.038 73.508 13,01 2.027
0.50° Yaw 0.60 0.53 0.078 14.876 3.10 2.021
5,00 4,27 0.027 42,000 10.67 2.035
7.00 6.83 0.034 84.000 15,97 2.011
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4.1.25 Hydraulie System (1B55824 F)

This automatic procedure verified the integrity of the stage hydraulic system

and demonstrated the capability of the system to provide engine centering and
control during powered flight. The test involved all components of the stage
hydraulic system, including the main hydraulie pump, P/N 1A66240-503, é/N X457811;
the auxiliary hydraulic pump, P/N 1A66241-511, S/N X454599; the accumulator/
reservoir assembly, P/N 1B29319-519, S/N 29; the hydraulic pitch actuator,

P/N 1A66248-507, S/N 71; and the hydraulic yaw actuator, P/N 1A66248-507, S/N 84.

The test was conducted on 20 May 1968, and accepted on 21 May 1968. Those
function values measured during the test are presented in Test Data Table 4.1.25.1,
All of these values were acceptable and were within general design requirements,

although specific limit requirements were not defined in the procedure for most

of the measurements.

The stage power setup, H&CO 1B55813, was accomplished, and initial conditions
were established for the test. The instrument unit (IU) substitute 5 volt power
supply was turned on, its voltage was measured, and the aft 5 volt excitation
module voltage was measured. Measurements were made of various hydraulic system
functions with the hydraulic system unpressurized. Measurements were also made

to determine the accumulator/reservoir gaseous nitrogen mass and corrected oil level.

The methods of controlling the auxiliary hydraulic pump were checked next. After
verifying that a power cable was comnected to the auxiliary hydraulic pump motor,
the aft bus 2 power supply was turned on, and the bus voltage was verified to be
56.0 +4.0 vde. The coast mode operation was checked by applying dry ice to the

coast mode thermal switch, and by verifying that the low temperature caused the
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4.1.25 (Continued)

thermal switch to turn the auxiliary pump on when the auxiliary hydraulic pump
coast command was turned on. The dry ice was removed, and it was verified that
the increased temperature caused the thermal switch to turn the pump off., The
coast command and the aft bus 2 power supply were turned off, and the bus voltage
was verified to be 0.0 +1.0 vdc. During the remaining pump control checks, only
the auxiliary hydraulic pump motor ON indication was checked, as the pump did

not run while the aft bus 2 power was off. The flight mode operatien was checked
by verifying that turning the auxiliary hydraulic pump flight command on and

off properly turned the auxiliary pump on and off. The manual mode operation

was checked by verifying that the auxiliary pump could be properly turned on

and off at the GSE mechanical systems panel when the GSE was in the manual mode.

The engine centering tests were then conducted. The first test was conducted
with the actuator position locks on, and with the hydraulic system unpressurized.
The actuator positions and the voltage of the IU substitute 5 volt power supply
and the aft 5 volt excitation module were measured, and the corrected actuator
positions were determined. The pitch and yaw actuator locks were removed; then,
the aft bus 2 power was turned on, and the voltage was measured. The auxiliary
hydraulic pump was turned on in the automatic mecde, and the aft bus 2 current
was measured. The increase in hydraulic system pressure over a 4 second period
was measured and determined to be within tolerance. With the hydraulic system
pressurized and no excitation signal applied to the actuator, the second engine
centering test was conducted with the actuator locks off. The test measurements
were repeated as before, and the corrected actuator positions were again determined.

A zero excitation signal was then applied to the actuators, the hydraulic system
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4.1.25 (Continued)

functions were measured, the actuator position measurements were repeated, and

the correct actuator positions were again determined.

1

A clearance, linearity, and polarity check was accomplished next. The actuators
were individually extended to their stops, then retracted, causing the engine

to move out to its extremes of travel, 0 degrees to +7 1/2 degrees, in a square
pattern, conterclockwise as viewed from the engine bell. The engine was then
returned to its O degree centered position. As the engine was sequenced through
the square pattern, a clearance check verified that there was no interference

to engine motion within the gimbal envelope. A comparison of the hydraulic
servo engine positioning system command and response signals verified that the
response movement was of the correct polarity and magnitude to agree with the
command signal, and met the requirements for movement linearity. Checks of the
hydraulic system pressure and reservoir oil pressure, when the actuators were

at their extreme and when they were returned to neutral, verified thiat these

pressures remained acceptable.

Transient response tests were conducted next. Step commands were separately
applied to the pitch and yaw actuators; causing each actuator to individually
move the engine from 0 degrees to -3 degrees, from ~3 degrees to 0 degrees,
from O degrees to +3 degrees, znd from +3 degrees to 0 degrees. The engine
response was observed visually and audibly for unwanted oscillations, and the
actuator responses were recorded during the engine movement. The engine slew
rates were computed for each of the step movements. The test data table shows

the computed slew rates and representative actuator response values for the
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4.1.25 (Continued)

initial period of each check. The values measured were all acceptable and
within general design requirements, although specific limits were not dis-

cernible from the procedure.

After the transient response test was completed, final measurements were made
of the hydraulic system functions and the engine centering functions with the
hydraulic system pressurized, the actuator locks off, and no excitation signals

applied to the actuators.

The procedure was completed by turning off the auxiliary hydraulic pump, aft
bus 2, and the IU substitute 5 volt power supply. The pitech and yaw actuator

locks were then replaced.

Engineering comments noted that all parts were installed during the tests. No

major problems were encountered during the test, and no FARRs were written.

Seven revisions were recorded in the procedure for the following:

a. Four revisions were required to update the procedure to the
latest configuration.

b. One revision added a test to obtain measurements for parameters
D209 and D223, prior to, during and after operation of the
auxiliary pump.

C. One revision added a statement to the procedure to ensure the
performance of stage power setup on intiial condition scan

immediately prior to the test.

d. One revi