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ABSTRACT

The Narrative End Item Report (NEIR) contained herein is a narrative summary
of the Douglas Sacramento Test Center test records relative to the Saturmn
S-IVB-209 Flight Stage (Douglas, P/N 1A74633-515, S/N 2009).

Narrations are included on-those conditions related to permanent nonconformances
which were generated during the manufacturing cycle and existed at the time of
"Sacramento Test Center acceptance testing. The report sets forth data pertinent
to total time or cycle accumulation on time or ecycle significant items. Data
relative to variations in flight critical components is also included. There is

no provision to update or revise the NEIR after initial release.

Descriptors

NEIR Significant Items
Documentation , Stage Checkout
Configuration Prefire and Poststorage
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PREFACE

This Narrative End Item Report is‘preparea by the Reliability Assurance
Directoxate of the Mchonnell Douglas Astronautics Company, (MDAC), Western
Division, for the National Aeronautics and Space Administration under Contract
MAS7-101. This report is presented in response to fequirements of WPC 200-2,
Paragraph 14.2.4, and is issued in accordance with MSFC-DRL-021, Contract Data
Requirements, which details the contract data required from MDAC. The report
summarizes the period from initial stage acceptance testing at the MDAC

- Sacramento Test Center, Rancho Cordova? California, through turnover to the

MDAC Florida Test Cénter, Cape Kennedy, Florida.

The previous period of stage- acceptance testing at the MDAC Space Systems
Center, Huntington Beach, Caiifornia, and transfer to the MDAC Sacramento Test
Cenfer, was covered by Narrative End Item Report, Saturn S5-IVB-209, Douglas
Report DAC-56501, dated March 1967.
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1.0 INTRODUCTION

1.1 Scope

The NEIR compiles quality evidence and assessments of a particular end item for

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

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 Sacramenteo Test Center (STC) test and
acceptance checkout, including serial number of articles removed
or substituted.

Nature of problems and malfunctions encountered.
Corrective action taken or pending.
Extent of retests or tests not completed.

Total operating hours or cycles for each time or cycle significant
item.

1.2 TFormat

This document is organized into sectiong, with each section fulfiiling a specific

purpose. The title of each section and a brief ocutline of its purpose follow:
SECTION:
1. INTRODUCTION. This section discusses the scope of the NEIR, the

2.

Stage Design Concept, and Documentation.

NARRATTIVE SUMMARY. A brief discussion of the principle test areas
is presented to give management personnel a concise view of successful
test achievement, and remaining aress of concern.

STAGE CONFIGURATION. Conformance to engineering design.

NARRATIVE. A presentation of checkout operations presented in the

chronological order of testing. Failure and Rejection Reports (FARR's)
are referenced as applicable for each paragraph.

POSTRETENTION, A presentation of stage configuration, additional stage
testing prior to shipment (if any), final inspection, weight and balance,
preshipment purge, retest requirements, post—checkout FARR's and flight
critical items installed at shipment.

APPENDICES:

I.

TESTING SEQUENCE. Graphic presentation of the order and activity dates

of the checkout procedures.



1.2 (Continued)

IT. NONCONFORMANCE TABLES.

a. TABLE I. A compilation of FARR's open at shipment from SSC.

b. TABLE II. A compilation of FARR's initiated during prefire
checkout.

c. TABLE III." A compilation of FARR's initiated during countdown
and postfire checkout.

1.3 Stage Functional Description

A detailed system analysis is beyond the scope of this report. The "S-IVB~IB
Stage End Item Test Plan", 1B66532, contains a description of each operational
system, and includes a listing of test procedures, with the objective and
prerequisite of each test. The stage is primarily a booster stage cohsisting
of propellant tanks, feed lines, electrical and pneumatic powef for operation
of stage systems, and éuch systems as are required for checkout purposes, fuel
loading and unloading contrel, in—-flight control and pressurization, and data

measurement during these operations.

1.4 Documentation

Manufacturing and test records for this stage include Fabrication Orders (FO's),
Assembly Outlines (AO's), Inspection Item Sheets (IIS's), Pailure &nd Rejection
Reports (FARR's), Serial Engineering Orders (SEO's), Radiographic Inspection
Records, Hydrostatic test data, Vehicle Checkout Laboratory (VEL) test data, and
vendor data., FO's and AQ's record in sequence all manufacturing processes,
procedures, and Quality-Control inspection activities. Any problem eor discrep-
ancy noted by Inspection and Test personnel is recordéd on an IIS for corrective
action. Any discrepancy from a drawing requirement is recorded on a FARR by
'Inspection and Test personnel. The FARR is also used to record the Material
Review Board (MRB) disposition applicable to the discrepancy. SEO's may be
written to define the rework required by a FARR; to change the effectivity of

a drawing; or to change other drawing requirements. Radiographic Inspection
Records and ¥-ray photographs of all weld seams are maintained on file by the
contractor, All erigiﬁal data is retained in the conéractor's Reliability

Assurance Department Central Data Files. Vendor technical data is regeived on

!
| functional purchased parts and 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.
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2.0 NARRATIVE SUMMARY

The follewing paragraphs present a narrative summary of ‘the systems checked
out on the stage. Stage prefire and postfire checkouts conducted at the
Sacramento Test Center (STC) are summarized in paragraphs 2.1 and 2.2,

respectively. More detailed narrations on these tests and opetrations are

presented in section 4.
Paragraph 2.3 comments on the preparations for stage retention at Sacramento.

2,1 Stage 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 plan, SM-47459, delineated the general philosophies of the STC test
programs. - Test request 1046 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, facility, and GSE to conduct

a successfﬁl static acceptance firing program. A detailed narrative of the

acceptance firing is delineated in Douglas Report SM-37550, dated July, 1967.

The stage was received at the STC on 10 March 1967. The prefire checkouts
began at the VCL on 10 March 1967, and were concluded there on 9 May 1967, at
which time the stage was removed in preparation for transfer to Test Stand Beta I

for final prefire checkouts.

Thirteen procedures were performed inm the VCL prefire checkout of the stage,
commencing with prefire structural inspection. Two FARR's, A218924 and A251540,
were generated during this inspection, and eleven revisions were recorded in
the procedure. Prefire propulsion system leak and functional checks vere
successfully completed with four FARR's, A245479, A245481, A245484, and AZ45487,

initiated, and twenty-four revisions written in the procedure.



2.1 (Continued)

Prior to installation of umbilical connectiens, a satisfactory electrical -
interface compatability check was conducted without any problems or revisions
to the procedure. WNext, the stage power setup procedure was 'successfully
demonstrated prior to applying power to the stage for -other prefire checkouts.

Three revisions were recorded in the stage power setup procedure.

The forward skirt thermoconditioning .system checkout, the manual controls '

check for the stage valves, and verificatien of the cryogenic temperature sen-
sors were completed satisfactorily without significant problems or FARR docu~
mentation. However, four revisions were recorded in the forward skirt thermo-
conditioning procedure and three revisions were recorded in the manual centrols

checkout.

The level sensor and control unit calibration procedure was complefed without
revisions. However, FARR A245524 was initiated against three faulty control

units which were removed and replaced to permit satisfactory calibration.

The hydraulic system servicing procedure was conducted fellowing replacement
of the engine driven hydraulic pump and rework of the auxiliary hydraulic
pump. A second issue of this procedure was necessary after installation of a
hydraulic temperature probe. There were no significant problems‘or FARR docu—
mentatlon, but four revisions were recorded in issue 1 and three in issue 2.
The hydraullc system setup, operatlon and securing procedure was then rum to
prepare the system for the automatic test. A second issue was necessary )
following the automatic system test to shutdown and secure the hydraulic system
in preparation.for transfer of the stage from the VCL to Test Stand Beta I.
There were no FARR's initiated for either issue of the procedure, but five
revisions were written in issue-l and one revision in issue 2. The automatic

hydraulic system checkout was successfully completed without significant prob-

lems or FARR initiation. Three revisions were recorded in this procedure.

Automatic calibration, of the digital data acquisition system was then satisfac-
torily accomplished without problems. No FARR documentation -was necessary.

Eight revisions were written into the procedure.



2.1 (Continued)

Demonstration of the stfage power turnoff procedure completed the VCL prefire

checkout operations. There were no problems, FARR's, or revisions recorded.

The stage was installed in Test Stand Beta I on 14 May 1967, for final prefire
checkout. Nineteen prefire procedures involving stage hardware checkout were .
conducted, The umbilical interface compatibility test was accomplished prior

to comnecting umbilicals with no discrepancies recorded by FARR., Four revisions
were written in the procedure. Demonstration of stage power setup was accom—
plished with one problem documented on FARR A251516, concerning low forward

5 volt excitation module voltage measurements caused by ground return line loss.
Three revisions were recorded in the procedure. Stage power turnoff was then
demonstrated without FARR documentation or procedure revision. Power distri-
bution system checks were successfully conducted without generating any FARR's.

There were seventeen revisions written against the procedure.

The forward skirt thermoconditioning system was checked to prepare it for
operation on the test stand, the manual controls check for the stage valves

was accomplished satisfactorily, calibration of cryogenic temperature sensors

was verified, and the hydraulic system setup and operation procedure was
conducted to prepare the system for automatic testing. These checkouts were
conducted without significant problems resulting in FARR documentation. However,
a total of sixteen revisions were recorded against the four procedures. Four
revisions were recorded for the forward skirt thermeoconditioning procedure, two
in the manual controls procedures, one for the cryogenic temperature sensor

verification, and nine in the hydraulic system setup procedure,.

Propulsion system leak checks resulted in one area of unacceptable leakage docu~
mented by FARR A251541, This leakage was corrected by replacement of the LOX
tank pressurization control module. Twenty-eight revisions were written against

the procedure.

The telemetry and range safety antenna system procedure was used to test the
PCM RF assembly following rework. There were no problem areas encountered and
the one revision written deleted all portions of the procedure except the PCM RF

test.



2.1 (Continiued)

The level sefsor and control unit calibration prdcedure was conducted on the
test stand without FARR documentation. One revision was written to authorize‘
a second issue of the pFocedure to checkout -the LOX point level 4 sensor and
control unit calibration because the adjustment seal was discovered missing a

few weeks after completion of the initial issue.

The'ffopellant tank common bulkhead vacuum checkout was conducted, verifying

that the bulklzad was free from leakage and acceptéble for propellant loading..

" One FARR, A251439, was initiated against the bulkhead top fitting, when inspectdion
revealed the fitting to be plugged with sealant. The restriction was removed by

cleaning. Seven revisions were recorded in the procedure.

The propellant utilization (PU) system calibration procedure was conducted with
two revisions recorded, including one which reran the portion of the procedure
required to checkout the static inverter-converter. This unit had been replaced
after failure during the initial test per FARR A251546. There were no -other dis-
cfepancies., Automatic testing of the PU system was accomplished satisfactorily

without FARR. documentation. Two revisions were recorded in the procedure.

The propulsion system automatic test was successfully accomplished after nineteen
revisions were recorded in the procedure. No FARR's were written .as a result of

this test.

The signal conditiening seﬁuﬁ procedﬁre was run to check the adjustment of the
forward 5 volt excitation module voltéges. These voltages had been measured
below the allowable tolerance during stage power setup as noted previously.
Adjustment was determined to be satisfactory and no FARR's were initiated. One
revision was written to delete all portions.of the ﬁrocedure, except those con-

cerning the checkout of the forward 5 volt excitation modules.

The digital data acquisition system automatic test was successfully accomplished
.after processing fourteen revisions in the pracedure. There were no significant
problems resulting in FARR documentation. The integrated system test was per-
forméd satisfactorily without FARR initiation. Twenty-three revisions were

recorded in the procedure.
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2.1 (Continued)

Prefire checks of the stage were concluded by running the final leak check
procedure. No unacceptable leakage was detected and no FARR's were initiated.

Twenty-six revisions were required to satisfactorily complete -this procedure.

v

The simulated static firing was initiated on 8 June 1967, and successfully

completed on 9 June 1967.

Two runs were required. to accomplish the stage acceptance firing per Test Request
1046. Run 1A was initiated on 13 June 1967, and was terminated on 14 June 1967,
when engine ignition was not obtained as a result of a signal complement error
causing the computer to stop the automatic operation. Run 2A was started on

19 Jume 1967, and the firing was terminated on 20 June 1967, with a successful

firing of 456 seconds of mainstage operaticn.

2.2 GStage Postfire Checkout

Contract Change Order 1312 delineated a short series of post acceptance firing
checkouts to be accomplished prior to the extended storage of the stage at STC.
The following is a bried recap of the abbreviated prestorage postfire checkouts

accomplished per Test Request 1046, addendum I, on Test Stand Beta I.

Postfire checkout following completion of acceptance firing was initiated on
26 June 1967, with the successful demonstration of the stage power setup and
turnoff procedures. There were no discrepancies recorded by FARR's for either
procedure. Two revisions were recorded in the procedure for stage power setup

and one recorded for stage power turnoff.

The propulsien system leak check was conducted from 26 through 30 June 1967, to
determine leakage that could have resulted from the stage acceptance firing. No
unacceptable leakages were detected, and no FARR's were initiated. Thirty-two

revisions were required to satisfactorily complete the procedure.

The integrated systems test (IST) procedure was conducted on 28 June 1967, for a
data evaluation comparison with the prefire IST, as required by Contract Change
Order 1312. There were no FARR's generated as a result of the postfire IST;

however, thirty-three revisions were required to complete the procedure.



2.2 (Continued)

The postfire operation and securing procedure for the hydraulics system was
conducted on 29 and 30 June 1967, to secure the system and prepare it for
shipment to the VCL for extended storage. There were no_problem areas resulting

in FARR documentation.

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

four revisions were recorded in the procedure.

The stage was removed from the test stand on 6 July 1967, and transferred to

the VCL for storage preparations on 7 July 1967.

2.3 Stage Retention

Contract Change Order 1312 and WRO A45-85-IVB-292 authorized retention of the
stage in storage at STC after completion of the abbreviated prestorage postfire
checkout. The stage was prepared for extended storage per H&CO 1B67536, étage
Storage Procedure, at the VCL and was placed in storage on 19 July 1967, in the
E&D building at STC. Those activities occurring during stage storage. and during

the subsequent preparations for stage shipment to FIC are covered in sectiom 5.
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3.0 STAGE CONFIGURATION

Paragraph 3.1 discusses the means used to verify the stage configuration. Stage
variations which represent changes in the scope of the program are presented in
section five. A listing of all time/cycle significant items on the stage, along

with the accumulated time/cycles for each, is presented in paragraph 3.2A.

3.1 Design Intent Verification

This configuration of the stage is defined in the Engineering‘Cbnfigﬁration List
(ECL), Space Vehicle, Model DSV-4B-2-1, Manufacturing Serial Number 2009,.revi—
sion C, dated 21 August 1967. This ECL document includes a listing of all parts,
non-hardware drawings, and manufacturing and process specifications required for
the manufacture and test of the stage, as defined by Engineering production
drawings and Engineering Order (EO) releases. The ECL has béen transmitted to

NASA under a separate cover.

Verification of design intent was accomplished by comparing the ECL with the
Planning Configuration List (PCL), and the Reliability Assurance Department
As-Built 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 Time/Cycle Significant Items

Twenty-six items installed on the stage at the time of storage at STC are
time/cycle significant as defined by design requirements drawings 1B55423,
Government Furnished Property Time/Cycle Significant Items, and 1B55425,
Reliability Time/Cycle Significant Items. The following table lists these
items, along with the time/cycle accrued on each item, and the maximum allow-
able limits prescribed by Engineering. Three additional time/cycle significant
items, a command receiver, P/N 50M10697, and two PU bridge potentiometers,

P/N 1A59562, were not installed at the time of storage.

Part Number and Serial Accunmulated Engineering

Part Name Number Measurement Limit

Reliability Items (1B55425 P)

1448858-1 1092 7 cycles 50 cycles

Helium Storage Sphere 1101 7 cycles - 50 cycles

1110 7 cycles 50 cycles
1150 7 cycles 50 eycles
1155 7 cycles 50 cycles
1159 7 cycles 50 cycles



3.2 (Continued)

Part Number and Serial Accumulated Engineering
Part Name Number Measurement Limit
1A49421-505 188 (Data Not 100 hours
LH2 Chilldown Pump Available)
1A49423-507 1761 145.32 minutes 1,200 minutes
* LOX Chilldovm Pump
1A66241-509 X454673 23.1 hours 120 hours
Auxitiary Hydraulic Pump 93 cycles 300 cycles
1B57731-1 343 280 cycles 100,000 cycles
Control Relay Package 348 272 cycles 100,000 cycles

G.F.P.Items (1B55423 G)

40M39515~113 230 37 firings 1,000 firings
EBW Firing Unit 231 33 firings 1,000 firings
40M39515-119 399 21 firings 1,000 firings
EBW Firing Unit 409 31 firings 1,000 firings
410 34 firings 1,000 firings
411 34 firings 1,000 firings
412 33 firings 1,000 firings
413 34 firings 1,000 firings
417 34 firings 1,000 firings
430 22 firings 1,000 firings
50M10697 117 27.9 hours 2,000 hours
Command Receiver
S50M10698 128 30.8 hours 2,000 hours
Range Safety Decoder 131 30.1 hours 2,000 hours
50M67864~-5 156 (Data Not 250,000 cycles
Switch Selector Available)
103826 J-2083

J-2 Engine (for gimbal cycles)*

a. Customer connect lines

and inlet ducts 20.31% 250-10,000 cycles
b. Gimbal bearings 16.27% 250-10,000 cycles
. Firing time 887.753 sec 3,750 seconds
d. Helium Regulator (Data Not Not Established
Available)

#This dats includes all engine giwbal cycles at STC, plus cycles brought for-
ward from Rocketdyne reccrds. The cycle data is expressed as a percent of
design limits based on the gimbal angle, and can vary from 250 to 10,000 +
cycles as noted. The indicated percentages were computed from the Engire Log
Records utilizing the graph per Rocketdyne Rocket Engine Data Manual R-3825-1.
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4.0 NARRATIVE

The paragraphs of this section narrate upon the stage checkout in the
chronological order of testing. The major paragraphs comprising the marra-
tive are: 4.1 Prefire Stage Checkout, and 4.2 Postfire Stage Checkout.
Each major paragraph is subdivided to the degree required to present a

complete historical record of stage checkout.

Nonconformances and functional failures affecting the stage are recorded on
FARR's, and are referred to by serial number throughout this section (e.g.
FARR A251540). The referenced FARR's are presented numerically by serial

number in Appendix II.

4.1 Prefire Stage Checkout

Thirty-two prefire procedures were conducted on the stage at STC to prepare
and qualify it for the static acceptance firing. The first thirteen proce—
dures were accomplished in the VCL and are reported in detail in paragraphs
4.1.1 through 4.1.13. Paragraphs 4.1.14 through 4.1.32 describe the nineteen
prefire checkouts conducted after transfer of the stage from the VCL to Test

Stand Beta I.

4,1,1 Prefire Structural Inspection (1B40645 RB)

Performed between 10 March 1967 and 22 May 1967, this inspection verified that
transportation of the stage from SSC to STC had no detrimental effect on the
structure; and also established the conditiomn of the stage prior to stdtic
acceptance firing, for comparison with the stdage condition subsequent to a full

duration static firing program.

Prior to rotating or moving the stage from the horizontal position in which
it was shipped, the area between the forward skirt and the forward dome was

visually inspected and determined to be free of debris.

After completion of stage installation into the test stand, the forward access

kit and the protective cover kit were installed.

11



4.1.1 (Continued)

An external visual inspection was performed on the LOX and LH2 tank assembly,
P/N 1A39303-525, the thrust structure, P/N 1A39312-511, the forward skirt
assembly, P/N 1B29824-509, the main tunnel installation, P/N 1B39313-503, the
auxiliary tunnel installation, P/N 1B27716~1, and the propulsion system instal-
lation, P/N 1A39318-531, with emphasis on the following mandatory items:

a. Cracked or debonded clips and brackets.

b. Dents or scratches in the low pressure ducts.

c. Scratches or finish discrepancies on the spheres.
d. Leakage or spillage in the hydraulic system.

e. Loeose or uncapped tubing, er missing clamps.

f. Loose or uncapped electrical comnactors.

g. Loose hardware or foreign material,

h. Cracks or deformation in skin panels or stringers.
i. Chipped, peeled, or damaged paint.

j. Damaged or debonded external insulation.

k. OCracked stringer caps.

1. Repetitive nonconformance list {(RNL) items.

A radiographic inspection of the V-section between the forward skirt and the
forward dome (from station 554.702 to station 566.702), the aft dome/thrust
structure V-section, and the aft dome/aft skirt V-section, was made for debris or
foréign matexrial. There were seven discrepancies noted during this section,

two of which were recapped to FARR A251540:

a. Three inclusions, possibly aluminum chips, were located in the
V-section of the aft dome/thrust structure and measured 0,125
by 0.1 in., 0.175 by 0.050 in., and 0.150 by 0.50 in., respectively.

b. A paper clip was discovered on an X-ray of the aft skirt, between
stringers 45 and 46, and was triangulated to be located in the
bulkhead honeycomb. A tangential X-ray further substantiated that
the clip was pressed lengthwise into the honeycomb.from the aft side.

Both of these conditions were accepted by material review action.

12



4.1.1 {Continued)

An LH2 tank internal inspection was required due to entry into the LH2‘tank to

perform A0 modifications on the LH, mass probe lower mount. A visual inspection

2
of the main fuel tank components for cracks, deformation, looseness, and corro-

sion was performed and delimneated as follows:

a. The cold helium bottles, straps, fittings, and couplings, with
emphasis on the bottles for dents, pits, scratches, and corrosion.

b. The fuel sensor probe installation support, P/N 1A57675.
¢. The LHz'mass sensing probe, P/N 1A49551-501, and attachments.
d. The LH

2
e. The LH, wiring instrumentation feedthrough, P/N 1A49544.

transducer support installation, P/N 1A77907.

f. The fuel tank vent system and attachments.

g. The fuel anti-vortex screen, P/N 1A48633, and top, P/N 1B55464, for
cracks.

h. The insulation installation, P/N 1A39314-519.
i. The forward dome of the common bulkhead, P/N 1A39309.

There were no discrepancies noted during the internal inspection of the LH2 tank.

Internal inspection of the LOX tank was not accomplished since entry was not

required.

Two FARR's were written during the operation of this procedure and are described
P p

as follows:

a. TFARR A218924 listed those discrepancies which were discovered during
the receiving portion of the structural inspection per IIS 335859.
These discrepancies were of a temporary nonconformance type and were
listed for corrective action requirements only.

- b. TFARR A251540 listed the radiographic inspection discrepancies noted
during that portion of the procedure. =

There were eleven revicions written against this test procedure, and those

incorporated were:

a. One revision added instructions for the inspection of the common bulk-
head fittings, P/N's 1B29958-1 and 1B29959-1, for plugging or restric~
tions.

13
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4.1.1 (Continued)

b. One revision deleted the use of the vertical access kit, since
inspection was performed in the horizontal position, and deleted
the torque requirements of the cold helium bottle coupling bolts,
as they were -previously checked at SsC.

c. One revision corrected procedural requirements that were in error.

d. One revision removed the sphere, P/N 1B55725-1, to determine the
serial number.

e. One revision added steps to perforﬁ 2 leak and decay check of the
air bottle assembly installation, P/N 1B55408-503, to verify system
integrity.

f. One revision was required for additional radiographic inspection
of the aft dome/thrust structure V-section and the aft dome/aft
skirt V-section, to werify that there was no debris or foreign
material in these areas.

gE. One revision performed additional radiographic inspections te
determine the location of a paper clip located in the aft area of
the stage, and was accomplished in cenjunction with FARR A251540,

h. One revision deleted the APS module fit check section since it
would be accomplished during postfire checkout at the VCL,

i. One revision performed.additional sphere inspections prior to
firing at day T-7.

j. One revision deleted the LOX tank entry section since entry was
not required.

k. One revision deleted the installation of the thrusé structure
doors since this item is performed during Task 16 of countdown
1B70271.

The prefipg structural inspection was accepted by Engineering, and this test

procedure was signed off on 7 June 1967,

4,1.2 Umbilical Interface Compatibility Check (1B59768 C)

Prxior to comnecting the forward and aft umbilical cables for auvtomatic power
on checks at the STC VCL, this manual checkout provided the test sequences
with which to check the design specifications and continuity of the stage
umbilical wiring. Accomplished by point-to-peint resistance checks of all
umbilical circuits, this test assured that proper loads were present on all
power busses and that the control circuits for propulsion valves and safety

items on the stage were within prescribed tolerances.



4,1.2 (Continued)

This procedure was initiated and completed at VCL on 4 April 1967. A series
of resistance measurements were made at specified test points on the GSE
signal distribution unit, P/N 1A59949-1, Model 463, using test point/terminal
463A1A5-J43FF as the common point for all measurements. These measurements
verified that all wires and connections in the umbilical cables and stage
umbilical wiring were intact and of the proper material and wire gauge, and
that all resistance values and loads were within the design requirement
limits. A Simpson Model 260 multimeter was used to make the resistance
neasurements. GSee Test Data Table 4.1.2.1 for particular test points, cir-

cuit functions, measured resistances, and resistance limits.

There were no problems during the test, no FARR tags were initiated, and no

revisions were recorded in the procedure.

4,1.2,1 Test Data Table, Umbilical Tnterface Compatibility Check

Reference Designation — 463A2

Meas. Limit
Test Point Function Ohmis Ohms
A2J29-C Cmd., Ambient Helium Sphere Dump 27 10-60
CB-8-2 Cmd., Engine Ignition Bus Power Off Inf. Inf.
CB-9-2 Cmd., Engine Ignition Bus Power On 7.5 5-15
CB-10-2 Cmd., Engine Control Bus Power Off Inf. Inf.
CB-11-2 Cmd., Engine Control Bus Power On 10 5-15
A2J29-N Cmd., Engine lle Emerg Vent Control Omn 50 10-60
A2329-Y Cmd., Start Tk Vent Pilot Valve Open 23 10-60
CB-4-2 Cmd., LOX Tank Cold He Sphere Dump 32 10-60
A2329-h Cmd., Fuel Tank Vent Pilot V1v Open 50 50 max
(Same, reverse polarity) Inf. 500K min
A2329-4 Cmd., Fuel Tank Vent V1v Boost Close 50 50 max
(Same, reverse polarity) Inf. 500K min
A2329-gq Cmd., Ambient He Supply Shutoff Viv Clese 28 10-60
A2330-H Cmd., Cold He Supply Shutoff Vlv Close 1.3K 1.5K max
(Same, reverse polarity) Inf. Inf.
A2330-W Cmd., LOX Vent Valve Open 50 10-60
A2J30-X Cmd., LOX Vent Valve Close 50 10-60
A2330-Y Cmd., LOX & Fuel Emerg Close 49 100 max
(Same, reverse polarity) Inf. Inf.
A2J30-2 Cmd., LOX & Fuel Chilldown V1v Close ) 50 10~60
A2330-b Cmd., LOX Fill & Draim V1v Boost Close 23 10-30
A2330-c Cmd., LOX Fill & Drain Viv Open 22 10-30

15
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4,1.2.1 {(Continued)

Meas. Limit
Test Point Function Ohms Ohms
A2J30-d Cmd., Fuel Fill & Dradin Vliv Boost Close T22 106-30
A2330~-e . Cmd., Fuel Fill & Drain Valve Open 22 10-30
A2J42-F - Meas., Bus +4D111l Regulation 130 100-200
A2J35-y - Meas,, Bus +4D141 Regulation 280 50-600
A236-AA Sup., 28¢ Bus +4D119 Talkback Power 85 60-100
Reference Designation 463AL1
A5J41-A Meas., Bus +4D131 Regulation 1400 900-1400
A5J41-E Meas., Bus +4D121 Regulation 2,1X 1.6K min
A5J53-AA Sup., 28v +4D119 Fwd Talkback Power 70 60-100

4.1.3 Prefire Propulsion System Leak and Functional Checks (1870773 N/C)

This checkout procedure defined the operations required to perform the leak
and functional checks which certified the stage propulsion system prior to
static firing, The prefire test sequences performed during this checkout,
initiated on 4 April 1967, and completed on 16 May 1967, consisted'of the

following system checkout.

The cold helium £ill module relief test and internal seat leakage test was
accomplished by removal of the module from the stage for shipment to LOX
service for leakage and relief tests per 1B5778l. Both checks were satis-

factorily completed and the data appears within Test Data Table 4.1.3.1.

The LOX chilldown pump purge and engine pump purge pressure switch checks
performed a pickup and dropout test of the switches by cycling them three

times through their pressure range. The LOX pump purge module, P/N 1A58347-503,
S/N 059, was cycled and checked for control and dump valve seat leakage. All
checks were satisfactorily complied with. Stage pneumatics system leak and

functional checks performed:

a. Ambient helium fill module internal leakage and backup check valve
reverse leakage.



4.1.3 (Continued)

b. Contrel helium system leak checks and actuation control module
internal leakage was accomplished by checking for leakage at the
vent ports of the LOX and LHp £ill and drain valve actuation
contrel modules, the LOX and LH2 vent valve actuation control
modules, the prevalve chilldown actuation control module,. the
chilldown valves actuation control medule, and the directional
vent valve actuation control module.

c. Purge system check valve reverse leakage was accomplished by
monitoring the reverse flow of the LOX and LHp fill and drain
purge check valve, the nonpropulsion vent purge check valve and
the LOX vent purge check valve.

The stage pneumatics system leak and functional checks were satisfactorily
completed and data appears within the Test Data Table. The engine start
system leak and functional checks performed leakage checks of the start tank
dump control sclenoid seal, vent and relief valve, and valve bellows. All

tests of the engine start system were satisfactorily completed.

Engine check valve reverse leakage checks performed a forward flow and reverse
leakage test of the LH2 pump drain and pump purge check valve, ‘the LH2 turbine
seal cavity purge check valve, the LOX turbine seal cavity check valve, and a
leakage test of the LH2 pump intermediate seal. The engine check valve reverse

leakage checks were satisfactorily completed.

Engine gas generator (GG) and exhaust system leak checks performed engine seal
leakage checks, which included a reverse leakage test of the GG fuel purge

check valve and seal leakage tests of the LH2 turbine seal, the LOX turbine

seal, and the start tank discharge valve gate seal. Gas generator exhaust
system leak checks included a leakage test of the oxidizer carrier flange and
reverse leakage tests of the gas generator LOX poppet and purge check valve. A
leakage check of the hydraulic pump shaft seal was also performed during this
section with satisfactory results. There was one leakage condition noted during
this section. The start tank discharge valve gate seal reverse leakage was meas—
ured as 765 scim, exceeding the 20 scim maximum limit. This was corrected by
cleaning the sealing surfaces with freon. The hot gas system was pressurized and
the STDV gate seal was rechecked with satisfactory results. All other sections

of the engine GG and exhaust system leak checks were satisfactorily completed.

17



18

4.1.3 (Continued)

Engine pump purge leak and f£low checks performed a regulation check of the engine

pump purge module discharge pressure, measured the seat leakage of the engine
pump purge valve, and checked the purge flows of the LOX and LH2 turbine seal
cavity bleed exits, the LH2 pump drain test port, and Fhe GG fuel purge flow of
the‘LH2 turbo pump access. All engine pump purge leak and flow checks were
satisfactorily completed.

\

The LH2 tank pressurization system leak checks performed a reverse leakage.
test of the fuel pressure module check valve and LH2 pressurization redundant
check valve. Both of these checks failed on initial tries and were corrected
by replacement of the gasket, P/N 51134-150-Al, on the former, while the
latter was corrected by replacement of check valve, P/N 1B53920-501, S/N 051,
with P/N 1B53920-501, S/N 040. This section also tested the reverse leakage

of the LH2 prepressurization check valve and was satisfactorily completed.

Thrust chamber leak checks performed reverse leakage tests of the LOX dome
purge check valve and the thrust chamber purge check valve, and seal leakage
checks of the main fuel valve and the main oxidizer valve idler and drive
shaft seals, One leakage condition was noted at the thrust chamber turnaround
manifeold drain screw adjacent to tube 360, which was corrected by subsequent

seal replacement. All tests were satisfactorily completed.
Engine pneumatics leak and functional checks performed:

a. Engine solenoid energized leak checks which included:

1. Lezk checks of the circuits from the normally open ports of the
ignition phase and mainstage solenoids, the pressure actuated fast
shutdown valves diaphragm, and the internal pneumatic components.

2. Leak check of the ignition phase solenoid normally closaed circuit,
STDV solenoid seat leakage (closed position), STIDV piston seal
leakage (closed position), and internal pneumatic components leak-
age check.

3. Seat leakage check on the STDPV solenoid and piston seal (open)
position); also a leak check of the STDV solenoid circuit.



4,1.3 (Continued)
4. Leak check of the pressure actuated fast shutdown-valve seat and
internal pneumatic components.

b. Engine control bottle f£ill system reverse leakage of the engine
control bottle fill check valve.

€. Pressure actuated purge system leak check included a seat 1eakage
test of the purge valve wvent.

d. Engine control bottle fill system reverse leakage test of the
check valve.

There were two leakage conditions noted during this section. One leak was

noted on the R/NAA publication RAD-206-192, revision "4". The other leak was
detected at the pressure actuated purge valve inlet line attach flange,

P/N 554793-15, and was corrected by replacement of an incorrect seal, P/N 404673
-3, with the correct seal, P/N 404666-7. All tests of the engine pneumatics

system were satisfactorily completed.

The LOX tank pressurization system leak and functional checks performed a
reverse leakage test of the cold helium £ill check valves and the LOX pre-
pressurization check valve, and an internal leakage and functional test:of the
LOX pressure module, including a seat leakage check of the cold helium shutoff
valve and hot gas valve.’ Two leaks were observed during the LOX pressurizatioﬁ
system leak check. One at the LOX pressurization control modula, P/N 1R42290
~503, S/N 0025, .was corrected by retightening to the proper torque value, and
one at the union between pipe assemblies, P/N's 1B64135-1 and 1B64131-1, was
corrected by replacement of the pipe assembly, P/N 1B64131-1, apd the union,
P/N MC160-ClL6. This gsection was satisfactorily completed.

A pressure check of the J-2 engine electrical control assembly and the auxiliary

and primary instrumentation. packages was satisfactorily completed.

Ten leakage conditions were described in the leak check log. Seven were cor-—
rected by retightening to the proper tordue value, or by replacement of seals
or components with subsequent tightening to the proper torque value. Three
leakage conditions were noted during R/NAA system leak checks, of which one
was associated with the start tank discharge valve gate seal. This leak-

age condition was corrected by cleaning the sealing surfaces with freon
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4.1,3 (Continued)

per instructions from R/NAA. The second R/NAA associated leakage condition

was noted at the Schraeder valve on the auxiliary instrumentation package, and

was corrected by replacement, The third leakage condition was subsequentiy

found to be acceptable per R/NAA publication, as noted in the engine pneumatics

leak and functional checks.

Four FARR's were written during the operation of this test procedure.

8.

FARR A245479 removed and replaced the pneumatic power control module,
P/N 1B43657-509, S/N 016, with S/N 022. Reason for replacement:
the module malfunctioned twice during checkout at the A3 VCL.

FARR AZ245481 removed and replaced the LHZ pressure redundant check
valve, P/N 1B53920-501, S/N 015, with S/N 040. Reason for replacement:
valve reverse leakage was excessive. :

FARR A245484 removed and replaced LOX tank pressurization system pipe
assembly, P/N 1B64131-1. Reason for replacement: damaged flare.

FARR A245487 removed and replaced the LH, V&R valve, P/N 1A48257-509,
S/N 0043, with S/N 0047. Reason for replacement: improperly machined
mount ear, ’

There were twenty~five revisions written against this test procedure, with one

of these subsequently deleted. The revisions incorporated were:

a.

b.

Seventeen revisions corrected or added requirements that were in
error or missing.

Three revisions provided steps necessary to determine, correct, and
releak check the high pressure STDV gate seal which had developed
an excessive reverse flow leakage condition during engine GG and
exhaust system leak checks.

One revision authorized a pressure check of the G2 spark cable.

"One revision authorized the use of a union, P/N AN-815-4C, and a cap,

P/N AN-929, as a substitution for plug assembly, P/N 9651-59061, used
during engine pneumatic leak checks. The plug assembly was not avall-
able during leak checks.

One revision delineated steps for leak checking of the LH2 pressure
redundant check valve after replacement. ’

One revision deleted sections of this procedure which were to be
accomplished during H&CO 1IB71877.

There were no missing or substitute parts, modifications, or EO0's pending that

would void any portion of this test. The propulsion systems leak and functional

checks were accepted by Engineering and this test procedure was signed off on

18 May 1967.



4.1.3.1 Test Data Table, Prefire Propulsion System Leak and Functional Checks

Pressure Switech Checks

Function . Run 1 Run 2 Run 3 Limits
LOX Chilldown Pump Purge PS Pickup (psia) 52.5 52.5 52,5 54 max
LOX Chilldown Pump Purge PS Dropout (psia) 49.0 49.5 49.5 . 49 min
Engine Pump Purge PS Pickup (psia) 125,0 125.0 125.0 130 max
Engine Pump Purge PS Dropout (psia) 114,0 115.0 115.0 105 min

LOX Pump Purge Control Module Checks
(B/N 1A58347-505, S/M 059, Ref. Loc. 403A75A2)

Function ’ Measurement Limits
Module Flow Rate (scim) 45.5 33 to 49
Control Valve Seat Leakage (scim) 0.0 1 max
Maximum Cycle Pressure (psig) 37.5 ®
Minimum Cyele Pressure (psig) 34.6 *
Cycle Time (minutes) 2.5 ®
Dump Valve Seat Leakage (scim) 0.0 0.0

" Vacuum Checks
: Vacuum Pressure (microns of Hg.)

Vacuum JacKeted Duct : Measurement Limits

LH2 Upper Feed Duct 26.0 150.0 max
LH,. Lower Feed Duct 65.0 150.0 max
LH2 Recirculation Duct 13.0 150.0 max

Ambient Helijum Fill Module Checks
(P/N 1A57350-507-002, S/N 0212)

Function . Measurement Limits
Check Valve Reverse Leakage (scim) ) 0.0 0.0 max
Control He Bottle Dump Valve Seat Leakage (scim) 0.0 0.0 max
Fill Line Check Valve Reverse Leakage (scim) 0.0 10.0 max

Actuation Control Module Checks
(P/N 1A49982-517)

) Vent Port Leakage (scim)
Module Function §/N Ref. Loec..- Normal Open Boost Limit

LH, Fill & Drain Valve Control 013 404A44 0.0 0.0 0.0 1.2 max

LOX Fill & Drain Valve Centrol 038 404A9 0.0 0.0 0.0 1.2 max

LH, Vent Valve Centrol 008 41142 0.9 0.0 0.0 1.2 max

LOX Vent Valve Centrol 035 403A75A1 0.0 0.0 0.0 1.2 max

Prevalve and Chilldown Valwve 036 404A43 0.0 0.0 0.0 1.2 max
Control

Normal Flight Ground
Directional Vent Valve Control 123 411A30 0.0 0.0 0.0 1.2 max

*Limits Not Specified
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£.1.3.1 (Continued)

LH, Vent Boost Decay Check

Function

Control Sphere Initial Pressure {(psig)
Control Sphere Final Pressure (psig)

" Decay Check Duration (sec)

Purge System Check Valve Reverse Leakage Check
{(P/N¥ 1B51361-1)

Check Valve Function S/N
LOX Fill & Drain Purge . 223
LH2 Fill & Drain Purge 240
Nonpropulsive Vent Purge 241
LOX Vent Purge 255

Engine Start Tank Checks

Function

Dump Control Solénoid Seat Leakage (scim)

‘Vent and Relief Valve Leakage (scim)

Dump Valve Bellows Leakage (scim)

Engine Check Valve Reverse Leakage Checks

Function

LHy Pump

Drain Check Valve Reverse Leakage (scim)

Pump Check Valve Forward ¥Flow at 30 psig (scim)
Pump Check Valve Forward Flow at 60 psig (scim)
Purge Check Valve Reverse Leakage (scim)
Intermediate Seal Leakage (scim)

LH2 Turbine Seal Cavity

.Purge Check Valve Reverse Leakage (scim)

LOX Turbine Seal Cavity

Purge Check Valve Reverse Leakage (scim)

#*Limits Not Specified

Measurement LTimits
548.0 *
529.0 *

1500. - *

Reverse Leakage (scim)

Measurement Limits
0.0 ’ 10.0 max
0.0 10.0 max
0.0 10.0 max
.0 10.0 max
Measurement Limits
0.0 10,0 max
0.7 10.0 max
0.0 0.0 max
Measﬁrement Limits
0.0 25.0 max
0.0 30.0 max
5400.0 2420.0 min
0.0 - 25.0 max
12.2 500.0 max
0.0 25.0 max
0.0 25.0 max



4,1.3.1 (Continued)

Engine Gas Generator and Exhaust System Checks

Function ’ Measurement Limits

GG Fuel Purge Check Valve Reverse Leakage (scim) 0.0 . 25.0 max

LH2 Turbine Seal Bleed Leakage (scim) 1950.0 12000.0 max

LOX Turbine Seal Bleed Leakage (scim) - 2.8 350.0 max

STDV. Gate Seal Reverse Leakage (scim) 1.41 20.0 max

Hydraulic Pump Shaft Seal Leakage (scim) 5.3 %28.0 max

Oxidizer Carrier Flange Leakage (scim) 0.62 20.0 max

GG LOX Poppet Reverse Leakszge (scim) 265.0 600.0 max

GG LOX Purge Check Valve Reverse Leakage {scim) 0.0 15.0 max

Engine Pump Purge Control Module Checks

(P/N 1A58347-507, S/W 054, Ref. Loc., 403473A2)

Function Measurement Limits

Purge Valve Seat Leakage (scim) 6.0 12.2 max

Discharge Pressure (psig) 82.0 67 to 100

GG Fuel Purge Flow (scim) 4250.0 ’ 2250.0 min

-LOX Turbine Purge Flow (scim) 3500.0 225050 min

LHy Turbine Purge Flow (scim) 2825.0 2250.0 min

Fuel Seal Cavity Flow (scim) ) ) 830.0 , 200.0 min

LHoy Pressurization Control Module Checks

(P/N 1B66230-1, S/N 1036, Ref. Loc. 403A73A3)

Function " Measurement . Limits

Check Valve Reverse Leakage (scim) ) ’ 0.0 10.0 max

Redundant Check Valve Reverse Leakage (scim) 8400.0%% 6000.0 max

LHy Prepressurization Check Valve Check

(P/N 1B65673-1, 8/N 20)

Function Measurement Limits

Reverse Leakage (scim) 0.0 0.0 max

Thrust Chamber Checks

Function Measurement Limits
LOX Dome

Purge Check Valve Reverse Leakage (scim) 0.0 0.0 max

*%(Reference FARR A245481)



24

4.1.3.1 (Continued)

Thrust Chamber Checks (Continued)

Function

Main Fuel Valve

Idler Shaft Seal Leakage (scim)
Drive Shaft Seal Leakage (scim)

Main Oxidizer Valve

Idler Shaft Seal Leakage (scdim)
Drive Shaft Seal Leakage (scim)

Thrust Chamber

Pressure (psig)

Jacket Purge Check Valve Reverse Leakage (scim)

Enéine Pneumatics Checks

-Function

Helium Control Solemoid Seat Leakage (scim) -

Ignition Phase Solencid Seat Leakage (scim)
Mainstage Solenoid Seat Leakage (scim)

Start Tank Dump Valve 4-Way Solenoid

Seat Leakage, Valve Closed (scim)

Seat Leakage, Valve Open (scim)

Piston Seal Leakage, Valve Closed (scim)
Pieton Seal Leakage, Valve Open (scim)

Fast Shutdewn Valve

Seat Leakage (scim)
Diaphragm Leakage (scim)

Pressure Actuated Purge Valve

Diaphragm Leakage (scim)
Seat Leakage (scim)

Engine Control Bottle

Check Valve Reverse Leakage (scim)

Measurement Limits
0.0 10.0 max
0.0 . 10.0 max
0.0 10.0 max
0.0 10.0 max
30.0 20.0 min
9.8 » 25.0 max
Measurement Limits
4.7 " 20,0 max
1.8 20.0 max
5.25 20.0 max
12.0 15.0 max
0.0 15.0 max
0.42 40.0 -max
0.0 40,0 max
0.0 10.0 max
0.0 5.0 max
0.0 3.0 max
0.0 10.0 max
0.0 3.0 max



4.1.3.1 (Continued)

LOX Pressurigzation Control Module Check

(P/N 1B42290-503, S/N 025)

Function Measurement Limits
Cold Helium Shutoff Valve Seat Leakage (scim) 0.0 10.0 max

Hot Gas Valve Seat Leakage (scim) 7.4 1000.0 max

LOX Pressurization System Check Valve Checks
(P/N 1B40824-503)

Reverse Leakage (scim)

Cheeck Valve Function S/ Measurement Limits
Cold Heliwm Fill 131 0.0 0.0 max

LOX Prepressurization ' 86 0.0 0.0 max

Engine Electrical Package Checks

Package Function Pressure (psig)#* Temperature (°F)*
Electrical Control Assembly Package 24,7 64,0
Auxiliary Instrumentation Package 25.0 ' 62.0
Primary Instrumentation Package 23.5 ) . 62.0

*Limits Not Specified

4.1.4 Stage Power Setup (1B59590 E)

Prior to initiation of automatic checkouts for the stage at the STC VCL, the
automatic stage power setup procedure verified the capability of the GSE auto-
matic checkout system (ACS) to control power switching to and within the stage,
and ensured that the stage power distribution system was not..subjected to exces—
"sive static loads during initial setup sequences. After successful demonstration,
this procedure was used to establish initial conditions during the subsequent

prefire VCL automatic checkouts conducted.

This checkout was successfully demonstrated and accepted on 4 April 1967. The

, test started by resetting all matrix magnetic latching relays and verifying that

the corresponding command relays were in the proper state. The umbilical con-
%nectors were verified to be mated, and plugs 404W26P1 and 404W27P1 weré verified
'ito be disconnected from the LOX and LH2 inverters. Bus 4D119 talkback power

was turned on and the prelaunch checkout group was turned off. The forward and

aft power buses were transferred teo external power. The sequencer power, engine

- 25



4.1.4 (Continued)

(homittnndy L0 Lo

control bus power, engine ignition bus{EPWEEﬂ;ﬁfﬁ’H%ﬁ %h“!qr'uhxg POWET.y and,

A e 7 ...-.-,..-

propellant level sensor power, were all verified to- bgjofﬁw JLower to thar%J
range safety receivers and EBW firing units was transfe?ééd tangiteiﬁéiﬂaﬁd ‘
;’1 P! oY

verlfied to be—off"- The switch selector checkout 1nd1cat1on enable and the

A N

fllghE measuremenp.lndlcatlon enable weré both turned on. The bus 4D131 28 wvdc

power supply was turned on, and the forward bus 1 initial voltage and current

were measured. RO oS ST rTeTIE e

1',_,. \r A T

‘COndltlon. Relays Wwere- verlfled to be reset for the engine start tank- pllot
; valve the LOX chllldown pilot valve, the LH2 chilldouwn pumg‘pllot valve, the
auxiliary hydraulic pump £light mode, the auxiliary hydraulic pump coast mode,
and the LOX flight pressurization coast period. . - .- - =4
- Pk as Verified”éo-§%~6%fxto~the pr0pellant utilization-dnverter and elec—
trééifs assembly, the PCﬁ system group, the env1ronmenta1 control group; and
the:RFAgrcuPa The EBW uIlage rocket relay was verified to be reset. TFifteen
switch selecter functions were then turned off and two were turned on. The
engine cutoff indication was verified to be off, and the_foyward bug 1 quiescent

current was measured.

[}
"

After, closing the -cold helium: supply, shutoff valve, the bus .4D111 28 vdc power
—-Supply.was,turned, on and the -aft. bus- 1. power. supply, current and voltage were
. 1meagured.;, The sequencer; power was turned on,, and the forward bus 1 power supply
.yreurrent was,measured ‘before.and .after turning on the PCM system group to deter—
smming}i;stcgrxgntgd;awq,_ngt”;he“busuéDlzl,ZS wvdc power supply was turned on
-and, .the.forward. bus,-2 power -supply. current and veoltage were measured. The
forward bus 2 power was then turned -on to the prelaunch checkout, group, and its

current draw was measured.

\ .- . . - -

B L o T S TR T S SR -

.+ The, RACS-system xrun mode, was, turned,-on, and after verifying that the forward
-and afﬁabgpggry,;oadstgsts%wgrgbtprned of£, the DDAS groumnd station.source

.. sedect, switch was manually,. set toupgs?tion'l_and\thg ground station was verified
. to, be- in synchronizationi A..series of .checks then verified that stage functions

- were Jin theiproper, state, Thirty-four, functions were verified to be off, and


http:turned,.on

4,1.4 (Continued)

thirteen were verifieéd to be on. The LOX and LH2

valves were verified to be open, and the LOX and LH2 vent valves and £1ill and °

prevalves and chilldown shuteff

dréin valves were verified to be clesed.

The final operations of this automatic precedure measured the range safety EBW
firing unit charging voltages, the aft bus 2 voltage, and the forward and aft

5 volt excitation module voltages.

No discrepancies were recorded and no FARR's were initiated, Measurement values

were as shown in Test Data Table 4.1.4.1.

"Three revisions were recorded in the procedure, each to correct errors in the

automatic program with paper tape changes.

4.1.4.1 fTest Data Table, Stage Power Setup

Function Measurement Limits

Forward Bus .1 Voltage (vdc) ) 28.40 28 +2
Forward Bus 1 Power Supply Current {amps) 0.80 40 max
Forward Bus. 1 Quiescent Current (amps) . 0.70 25 max
Aft Bus 1 Power Supply Current (amps) ©0.70 10 max
Aft Bus 1 Voltage (vdc) 28.24 28 +2

FCM System Group Current (amps) ©3.00 g max
Forward Bus 2 Voltage (vdc) 28.44 28 +2
Forward Bus 2 Power Supply Current (amps) 0.80 2 max
Prelaunch Checkout Group Current (amps) ) 1.00 12 max
Range Safety 1 EBW Firing Unit Chg Voltage (vdc) ¢.Qo 0+l
Range Safety 2 EBW Firing Unit Chg Voltage (vdc) 0.00 0 +1

Aft Bus 2 Voltage (vdc) ¢.00Q 0 +2

Aft 5v Excitation Module Voltage (vde) 5.02 5 +0.030
Fwd 1 5v Excitation Module Voltage (vdc) 4,98 5 4+0.030
Fud 2 5v Excitation Module Voltage (vdc) ’ 4,97 5 +0.030

4.1.5 Forward Skirt Thermoconditioning System Operating and Checkout
Procedure (1B57599 C) ' ‘

Prior to initiating prefire autﬁmatic checkout of the stage at the STC VCL, the
fo¥ward skirt thermoconditioning system (TCS) was functionally checked to prepare
it for operation, and then operated to demonstrate the system capability to sup-
port stage checkout operations. The procedure utilized the Mddel DSV-4B-359
TCS servicer, P/N 1A78829-l, which conditioned and supplied the water/methancl

! heat transfer fluid to the forward skirt TCS, P/N 1B38426-513. .
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4.,1.5 {(Continued)

Checkout and operation of the TICS was accomplished at the STC VCL from

5 April through 9 May 1967, and was certified as acceptable on 10 May 1967.
Preliminary operations included connection of the Model DSV-&B-359:§ervicer
to the TCS and preparation of the servicer and its associated pluﬁbing for

operation.

The first checkout conducted was the water/methanol cleanliness test for the
servicer, to determine the existence of any unzacceptable particulate con-
tamination that could cause system failure through f}ow festriction or pump
abrasion. After circulation of the water/methanol fluid-through the system,
fluid samples were taken from both the supply and return lines for laboratory
analysis. This test was repeated later in the procedure after installation
of the differential pressure (delta P) testing equipment. All samples foi
both cleanliness tests were acceptable. Results indicated no particles in
the 175-700 micr?n range, none in the 700-2500 micron range, and none above

ZSOd m%crons for any of the fluid samples checked.

ﬁext, the water/methanol specific gravity test was conducted to emnsure that
the correct amounts of water and methanol had been combined for:an accept~
able concentration. The specific gravity and temperature of the fluid were
measured with a hydrometer and thermometer, respectively, determlng that the
water/methanol concentration was within the acceptable mixture range (delta P
testing band). '

) r

Following the setup and installation of the delta P test equipment, and the
repeat cleanliness check, the differential préssure test was conducéed to’
verify correct TCS system geometry and proper flow dlstrlbution. The test
was conducted by measuring the dlfferentlal pressure between the TCS fluid
supply and return, as well as the supply and return temperatures, while
maintaining a flow rate of 7.8 +0.3 gpﬁ. The differeﬁtial pressure was
recorded as 14.75 psid, with supply and return temperatures at 52° and 54°F,

respectively.



4.1.5 (Continued)

Following the successful completion of the delta P test, the automatic
operation of the TCS was demonstrated using a water/methanol flow rate of

7.8 +0.3 gpm,‘a supply temperature of 80 +7°F, and the maximum limits of

25 psig supply pressure and 6 psig return pressure. During this demonstration
Tun, visual inspection for external fluid leakage from the TCS and the ser-
vicer was accomplished. No leakage was detected. Shutdown of TCS operation
was followed by purging residual water/methanol from the system with GH2

at pressures as high as 32 +1 psig. The TCS operation demonstrated that the

system was prepared to support the stage prefire checkout activities.

There were no discrepancies recorded and no FARR's initiated as a result of

this checkout.

Four revisions were recorded in the procedure.

a. One revision authorized temporary disconnection of the servicer
supply and return hose assemblies during the test to permit
flowmeter calibration.

b. One revision deleted the gaseous freon leak check of the TCS
based on performing this leak check after transfer of the’
stage from the VCL to Test Stand Beta I for final prefire
operation. Refer to paragraph 4.1,18 for vresults of this leak
check.

c. One revision deleted final drying requirements during GNj
purging of the TCS, which specified dewpoint moisture checks.
The basis for this revision was the immediate scheduling of
the stage for transfer to Test Stand Beta I where the TCS
cold plates would be promptly refilled with water/methanol
fluid. :

d. One revision deleted the requirement for ensuring that the
dewpoint meter was within calibration certification, since
checking the TCS system dryness had also been deleted as
noted above.
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4,1,6 Manual Controls Check (1B70682 A)

This prefire Vehicle Checkout Laboratory (VCL) procedure verified manual
control capability for the pneumatic regﬁlators-and valves in the propulsion
GSE and stage systéms. The test consisted of supplying electrical or ﬁnéu—
matic signals to system components and checking for proper response, utilizing

the VCL Test Control Center (TCC) panels.

‘The manual controls checkout was initiated on 10 April 1967, and was completed

and certified as acceptable on 21 April 1967. Preliminary GSE equipment -setup
operations verified that the switches and valves were set up properly for

functional checks of the GSE valves and regulators.

Manual functional checks of the GSE valves and regulators followed the initial
equipment setup. This included control checks of the test stand console
solenoid valves, pneumatic valves, and regulators. Next the pneumatic console
and stage setup was accomplished by a power turn om at the pneumatic control
regulation panel, a regulator setup, and a stage power turn on. This completed

preparations for the stage manual controls check.

The stage valves control check was accomplished by supplyiné signals manually
from the VCL TCC control panels to the stage valve controls in the specified
sequence,:and then verifying correct talkback. Iﬂ a@dition, ;eét stand
personnel verified stage valve actuation audibly. Starting at the malnstage
propulsion manual control panel in the VCL TCC, the control helium shutoff

valve was closead. -

The repressurizaﬁioh bottle supply was opened from the mainstage checkout panel,
and the control helium sphere pressure was monitored. Next, the control
helium shutoff valve was opened, and the control helium regulator discharge

pressure was monitored.

Using the mainstagé propulsion manual control panel, the fuel and LOX tank
vent valves, vent boosts, fill and drain valves, and fill and drain boosts,
were individually cycled and verified. Alse cycled and verified were the

ambient heljium sphere dump valve and the LHZ directional vent wvalve.



4,1.6 (Continued)

Next, the LOX -tank pressurization supply was opened from the mainétage checkout
panel, pressurizing the cold helium spheres to 300 +50 psig. When the cold
helium sphere pressure indicated 300 psig on the VMP, the LOX tank prepressuri-
zation supply was closed. Using the mainstage propulsion manual control panel,
the cold helium dump valve was opened, and, after venting the cold helium
sphere pressure to ambient, the dump valve was cycled closed and verified.

Next, the chilldown shutoff valves and prevalves were cycled closed and open.

Using the mainstage checkout.panel, the engine control supply was opened,
pressurizing the engine control sphere to 300 psig, as verified on the VMP.
The engine helium control supply was then closed and the engine control bottle
vent valve was opened, venting the bottle to ambient prior to closing the

vent valve.

The engine start bottle supply was then opened from the mainstage checkout
panel, pressurizing the start bottle to 260 psig. The s;art tank vent valye
was then opened from the mainstage propulsion manual contrel, panel, venting
the.start bottle to ambient, after which the start bottle supply valve

was closed.

This completed the stage manual controls check and was followed by final

securing operations. The supply valves were verified to be closed from the
mainstage checkout péﬁel. The control, start, and cold helium spheres were
verified to be at ambient. The regulator bleed valves were opened, and all
line pressures were verified to be ambient on the mainstage and APS checkout
panels. The regulator dome loader vents were opened from the pneumatic

console regulation panel, and all supply and dome pressures were verified to

be ambient,
There were no FARR's resulting from this checkout.

Three revisions were recorded in the procedure as follows:

:a. One revision deleted all moisture sample requirements for the
pressurization spheres, based on isolation of the spheres for the
VCL iprefire checkout.
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b. One revision authorized re~identification of panel controls on the
. mainstage propulsion manual control panel, which contained certain
control nomenclature applicable to .Saturn S-V use only,

¢. One revision reduced the cold helium sphere pressurization limits
from 500 +50 psig to 300 50 psig, for compliance with temporary STC
safety limitations placed on all stage pressurization spheres.

4.1.7 Cryogenic Temperature Sensor Verification (1B59818 D)

This manual procedure verified the calibration and functional capabilities of
the cryogenic temperature sensors whose normal operating range did not include
room ambient temperatures. The cryogenic temperature sensors, basically

platinum resistance elements, -changed resistance with temperature according

to  the Callendar-Van Dusen equation.

The test was conducted in the STC Vehicle Checkout Laboratory on 13.April
1967, and was accepted as satisfactory. As each cryogenic temperéture sensor
was checked, the ambient temperature at-that time was measured and recorded,.
The.procedure specified a resistance value at 32%F and a sensitivity value
(change in resistance for each degree between 32°F and 1009F). With these
values.and the measured ambient temperature, the expected ambilent resistance

was calculated for each sensor. The actual ambient resistance measured was

then compared to the calculated resistance with an allowable tolerance of
45 percent or +7 percent, depending on the sensor part number. All sensor
element resistance measurements were within tolerance as listed in Test Data

Table 4,1.7.1.

After the resistance of each sensor was measured, correct semsor wiring

(continuity) was verified by connecting a jumper wire on the adapter cable,

P/N 1B64095-1, and verifying that the sensor elément for each transducer was

shorted out to a resistance measurement of 5 ohms or less.

No discrepancies were noted as a result of this checkout and no revisions to

the procedure were recorded.



4,1,7.1 Test Data Table, Cryogenic Temperature Sensor Verif;cafion

-

Measurement - L. Sensor - Resistance (Ohms)

Number ) P/ ] 8/N _ Ref Loc: Meas Limits
€O 003 1B34473-1 306 403MT686 . 5120 4999-5751
CO 004 1B34473-501 297 %03MT687 1490 " 1430-1580
Co 005 T 1A67863-503 908 .. 405MT612 540 ° . 513-564
CO 008 -+ 1A67863-507 1050 403MT652 1490 1430-1580
co 009 1A67863-535 775 403MT653 - 213 - 205-225
Co 015 1467863-509 - 1084 410MT603 . 1519 1433-1583
CO 040 1467862-505 563 406MT613 1480 1409-1557
co 052 1A67862-513 303 408MT612 ~ © 5400 . 5011-5765
Co 133 NA5-27215T5 11797 4013MTT17 1385 - | 1283-1417
Co 134 NA5-2721575 11623 4013MTT16 = 1375 1283-1417
€O 157 = © 1A67863-537 1095 404MT685 5200 °  ©4999-5751
o 159 - 1A67863-519 1118 . 424MT610 - 220 - - 205-225
co 161 1A67863-537 878 424MT733 5160 4999-5751
co 163 -. 1467863-519 1117 £24MT613 - 1217 205-225
co 207 1A67863-503 .. 854 . 425MT600, 538 - - _.513-565
co 208 - . "1A67863-503 851 405MT605 537 512-564
CO 254 1837878-503 1298 4O9MT652 1503 " 1433-1583

Co 255 1B37878-503 658 409MT653 1500 1433-1583

4,1.8 Level Sensor:and Control Unit Calibration (1364680|B)

This manual procedure provided ‘the checks to determine that the contrfol units
associated with the LOX and_LHz liquid level sensors, point level sen&ors,

fast fill sensors, and overfill sensors, were adjusted for an operating point
within the limits of the capacitance change caused by simulated wet conditions

of the sensors.

Condticted in the STC VCL, the test was initiated om 18 April 1967, successfully
completed on 24 April 1967, and accepted on 26 April 1967. )

During: the calibration test, the point(level sensor manual checkout-assembly,
P/N 1B50928-1, was connected betweeﬁ each control unit and its associated level
sensdr, and the precision capacitor, Gemeral Radio type 1422CD, was connected

in parallel with each sensor, Tﬁis-provided capacitance changes to each
control unit to simulate wet conditions for calibration, and to determine the
control unit operating points. A voltmeter was then comnected to the appropriate

checkout assembly test points to measure the control unit output voltage.
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4,1.8 (Continued)

To establish the operating.ﬁoint for each sensor control unit under test, the
precision capacitor was set to am appropriate capacitance to simulate a wet
condition for the associated sensor. The requlred settings for the precision
capacitor were 0.7 40.01 pi9ofarads fér all LH2 sensors'except the 1H, overfill
sensor, which required 1.10 +0.02 picofarads, and 1.50 +0.02 picofarads for all
10X sensors except the LOX overfill sensor, which requifed 2,10 40,02
picofarads. After turning on power to the individual control unit, the
-control unit potentiometer (R1l) was adjusted until activation of the control
unit was indicated by a change in output voltage from 0 +1 vdec to 28 42 vde.
The capacitance of ‘the precision capacitor was then decreased to obéain,an
output voltage of 0 +1 vde, indicating relay deactivation, and again increased
to obtain an output voltage of 28 +2 vde, indicating relay reactivation. The
deactivation and reactivation capacitance values were recorded as noted in

Test Data Table 4.1.8.1.

A serles of checks then verified the operation of the control unit output
relay test function. With the associated sensor disconnected, each control
unit output relay was verified to be deactivated under both normal and test
conditions.. With the sensors reconnected, the output relay for each contrel
unit was verified to be deactivated under normal conditions and activated

ander test conditions.

FARR -A245524 was initiated against three control units, P/N 1A68710-Sil, that
were unstable, intermittent, and incapable of adjustment during the calibra-
tion test. The defective control units were S/N D-37 for LOX tank point

level 1, S/N D-58 for LOX tank overfill, and S/N D-29 for LOX tank fast fill.
These control units were replaced with S/N D-130, D-91, and D-76, respectively.
Control unit, P/N 1A68710-511, S/N D-76, was later rejected by FARR 'A245446,
for intermittent operation, and was replaced by S/N D~88. The test was then
satisfactorily completed as :shown in Test Data Table 4.1.8.1. No other dis-

crepancies were noted during the test.



S€

Deact. Cap.

* React. Cap.

Sensor Control Unit
P/N_1A68710 TP/ _1A68710 of T pf

Function Ref. Loc. Dash No. 'S/N - . Ref. Loc. Dash No. S/N Meas. Min. Meas. Max.

LHy Tank 408 ' ‘ A1
1igq. Lev. Ll MT634 -1 D-64 ABIA217 -509 E-21 0.689 -0.5 0.694 0.9
Lig. Lev. L2 T MT635 -1 D-66. ABIAZ19 =509 E-40 0.678 0.5 0.683 ‘0.9
Pt. Lev. 1 A2Cl - ~507 D-22 A92A25 -509 D-58 0.644 0.5 0.646° 0.9
Pt, Lev. 2 A2C2 -507 D-31 AQ2A26 . =509 D-59 0.674 0.5 0.676 0.9
Pt, Lev. 3 . A2C3 =507 D-32, A92A27 -509 D-29 0.690 0.5 0.692 0.9
Pt. Lev, 4 A2Ch -507 D-45 ABTIA201 -509 D-89 0.679 0.5 0.682 0.9
Fastfill A205 -1 D-69 A92A43 -509 D~57 0.686 0.5 0.688 0.9
Overfill * % * AQ2A24 . =509 D-56 1.088 0.9 1.092 1.3

LOX Tank 406 404
Liq. Lev. Lk MT632 -1 D-53  AB3A221 -511 D=74 1.492 1.3  1.496 1.7
Ligq. Lev. L5 MT633 -1 - D-56 A63A206 -511 D-73 1.470 1.3 1.477 1.7
Pt, Lev. 1 . A2C1 -1 D-44 A72481 =511 D-130 1.470 1.3 1.476 1.7
Pt. Lev, 2 A2C2 -1 D=49. AT2A2 =511 E-23 1.488 1.3 1.498 1.7
Pt. Lev, 3 A2C3 -1 D-60 A7243 -511 D-41 1.441 1.3 1.444 1.7
Pt. Lev. 4 A2C4 -1 D-68 AB3A239 ~511" D-105 1,466 1.3 1.471 1.7
Fastfill AZ2C5 _1, D-50 A72M5 -511 D-88 - 1.484 1.3 1.485 1.7
Oyerfill xR *k &k A7 2A4 -511 D-91 2,062 1.9 2.064 2.3

#Part of LH, Mass Probe 408A1, P/N 1A48431-505, S/N D=6

#%xPart 6f LOX Mass Probe 406Al, P/N 1A48430-509, S/N D-6'

.UOT38aqI 18D 3TUN [OXIUOY pue I0SUIS ToAST o[qEL B18Q 359T 1°8'T'%
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4,1.9 Hydraulic System Servicing (1B41004 A)

Servicing the stage hydraulic system in the VCL was accomplished per this
manual procedure to ensure correct filling, bleeding, and maintaining.the
system contaminant free after rework of the hydraulic system. Prior to pfe—
fire testing, the engine driven hydraulic pump thermal- isolator assembly,

P/N' 1A86847-505, S/N 008, had been replaced with ?/N 1A86847-509, S/N‘043, per
WRO S-IVB-3090, and the éuxiliary hydraulic pump, P/N 1A66241, S/N X454673, had
been reworked from the -507 to the -509 configuration hy replacement.of a
vendor valve per WRO S-IVB-3198. The other basic components of the hydraulic
system at the time of this checkout included the accumulator/;eservoir
assembly, P/N 1829319-519, S/N 16, and the hydraulic actuators, P/ 1A66248
-505, §/N's 56 and 57. .

The servicing.pfocedure was initiated on 26 April 1967, and was completed
satisfactorily on 27 April 1967. A second issue of the procedure was con-
ducted on 8 apd 9 May 1267, after installation of the temperature probe,

P/N 1B34472-503, S/N 53392, to monitor measurement number C50, the hydraulic
pump- inlet oil temperature. The following narrative is a description of 'the

two issues conducted. ;

Prior to operation of thée stage hydraulic system, the GSE and stage preliminary
setups were accomplished.” The GSE model DSV-4B-358 hydraulic pumping unit
(HPU), P/N 1A67443, was flughed and ckecked for hydraulic fluid cleanliness.
The: HPU was connected to the stage by the pressure and return hoses, hydraulic
fluid was circulated through the stage system to ensure that it was properly
filled, and hydraulic fluid samples were tzken and certified to be free

of contamination.

The accumulator/reservoir was charged with GN, to 1800 150 psig. Using the
HPU, system pressure was gradually increagsed in 500 psi increments to 4400 psig
maximum while continuously checking for external leakage. No unacceptable

external leakage for the stage hydraulic system was detected.

The HPU was then used to circulate hydraulie fluid through the stage
hydraulic system at 1800 #50 psig to flush the accumulator/reservoir. After

30 minutes of circulation at this pressure, the system was bled free of
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excessive air by draining hydraulic fluid from the bleed valves at the
accumulator inlet and outlet, reserveoir inlet, engine driven hydraulic pump

outlet, and the auxiliary hydraulic pump outlet.

The next opersdtion was the power system flush and sample procedure, utilizing
the auxiliary hydraulic pump with the hydraulic pitch and yaw actuators
bypassed. The accumulator/reservoir was verified to be charged with GN, at
1800 150 psig and the auxiliary hydraullc pump air bottle at 100 to 500 psig.
Using the HPU, the hydraulic system pressure was brought up to 1500 +50 psig
and then reduced to 1000 +50 psig. The auxiliarvy pump was then turned on and
allowed to operate for 1 minute, after successfully demonstrating that it had
raised system pressure from 1000 +50 psig to 130C psig minimum within 5 seconds
from auxiliary pump turn on. With the auxiliary pump off, system pressuré was
brought up to 3650 +50 psig with the HPU and maintained for 30 seconds., Then,
with system pressure reduced to between 0 and 40 psig, the engine driven
hydraulic pump was flushed by manually rotating the pump quill shaft. This
power system flush utilizing the auxiliary pump was repeated four times.
Hy@raﬁlic fluid samples were obtained frﬁm the HFU return and pressuré sample

ports and determined to be within the acceptable particle count Iimits.

Procedures and results for beth issues of this hydraulic servicing H&CO were
identical, with the exception of gimbal control unit setup and hydraulic
actuator midstroke lock removal prior to gimballing. This was deleted for

issue 1 and accomplished by H&CO 1B41007.

No discrepancies were noted during either of the two issues for this servicing

procedure, and no FARR's were initiated.

Four revisions were recorded in the procedure for issue 1 and three revisions

for issue 2,

a. Two revisions, applicable to both issues, deleted portions of the
procedure not applicable to the power system fill and flush require-
ments for the pump component replacements.
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4,1.9 (Continued)

b. One revision for issue 1, deleted all steps involving hydraulic
actuator lock removal. All steps for issue 1 were conducted with
actuator locks installed at 211 times. .

-

-One revision, for issue 1, required that the initial GNZ accumulator
charging requirements be accomplished whenever 1t was necessary to
charge the accumulator.

d. One revision, for issue 2, repeated the HPU setup and sampling portion
of the procedure after it had become necessary to replace the servicer
return hose, P/N 1B44137-1. -

4.1.10° Hydraulic System Setup, Operation, and Securing (IB41007 A)

The purpose of this manual procedure was to set up the hydraulie system in
preparation for the automatic system test, H&CO 1B59485 (paragraph 4.1.11),
aﬁé then to shutddwn and secure the hydraulic system prior to stage transfer
td’?est Stand Beta I. Two issues of this procedure were run- in the VCL

in conjunction with the hydraulic system f£ill, flush, bleed, and servicing
procedure, H&CO 1341004 (paragraph 4.1.9)., The first issue was initiated

on 27 Ap{il 1967, and was completed on 2 Ma¥'1967.’ Issue 1 prepared the
hydraulie éys;em for the subsequent automatic test by performing the final
system air content check, the hydraulic reservoir level thermal expansion
ﬁblume gdjgs;ment? the system gimbal set up, and the engine gimbal clearance
Fheck. I§§ue 2 wds conducted on 9 May 1967; and was run to shut down the
hy@rgglic system after completion of the automatic system test, and to secure

the system prior to the stage transfer to Beta I for prefire test operations.

Coﬁ@onents of the stage hydraulic system installed during this checkout
1nc1uded the engine driven hydraulic pump isolator assembly, P/N 1A86847-509,
S/N 043; the auxiliary hydraulic pump, P/N 1A466241-509, S/N X454673; the
39ggmulator/resgrv01r assembly, P/N' 1B29319-519, S/N 16; and the hydraulic
actugtofs, P/N 1A66248-505, S/N's 56 and 57.

Prior to operation of the stage hydraulic system, the Model DSV-~4B-358
hydraulic pumping unit (HPU), P/N 1A67443-1, was checked to ensure that the

‘hydraulie fluid met the cleanliness requirements. The HPU was connected



4.1.10 {(Continued)

to the stage via the pressure and return hoses, and hydraulic fluid was
circulated through the stage system to ensure that the system was properly
filled. Hydraulic fluid samples were taken and certified to be free of

contamination.

The GSE Model DSV-4B-699 gimbal control unit was then setup and connected
electrically to provide the electrical signals for cycling the hydraulice
system gimbal actuators. After removal of the actuator midstroke locks, the
GN, accumulator in the hydraulic system and the stage air supply bottle were

charged in preparation for the engine gimbal clearance check,

The J-2 engine restrainef and bellows. protective covers were removed, and

the hydraulic system pressure was brought up to 1000 psig with the HPU. While
observing the engine area for possible interference points, the hydraulic
pitch and yaw actuators were fully extended and retracted by electrical
signals from the gimbal control unit. WNo engine deflection clearance problem
existed, and the engine was positioned to center. The actuator midstroke
locks and the engine bellows protective covers were re-installed, and the

gimbal control unit was discomnnected from the hydraulic actuators.

The shutdown procedure prepared the hydraulic system for the automatic test,
H&CO 1B59485. The shutdown sequence of this checkout included a final air
content test which provided information necessary for system analysis by
discharging a portion of the internal syséemvfluid voiume overboard. The
volume discharged was determined to be a function of the fluid temperature
measurement, to provide space in the reservoir for fluid thermal expansion
under ground operating condition (0° to 160°F). The HPU was turned on and
the system pressure was increased to 3650 +50 psig. The bypass valve was
then opened and the HPU was turned off. Verification was made that the
return pressure gauge indicated a minimum of 200 psig. The shutoff valve
was cycled open and closed until the return pressure was reduced to 180 +5
psig. The volume of fluid bled was less than the 16 milliliters maximum

specified by design requirements.
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4.1.10 (Continued)

The issue 2 procedure was necessary to run the shutdown sequence and
secure the system following successful completion of the hydraulic system

automatic test, H&CO IB59485 (paragraph 4.1.11).

There were no discrepancies documented by FARR's as a result of these

checkouts.

Five revisions were recorded in issue 1 and one revision in issue 2, as

follows:

a. Oune revision deleted the VCL test control center -setup
requirements, based on running an engine gimbal clearance
"check. Setiips to establish an operating curve for automatic
testing were not required because the curve had been establlshed
through a formula.

b. One revision authorized initial performance of the hydrauiic
system shutdown sequence to satisfy requlrements of procedure
1341004 (paragraph 4.1.9). :

¢. One revision corrected a procedure error.

d. One revision deleted the system refill section of the ptbcédure;
since no. fluid loss had been experienced and the initial fill
had been accomplished during the servicing procedure, H&CO 1B41004
(paragraph 4.1.9). .

e. One revision deleted the system securing and preparation for '
. shipment in 1ssue 1, based on the use of-issue 2 for this,
purpose, - ;

f.. One revision deleted all portions of issue 2 except system
shutdown and securing. This was required following completion
of hydraulic automatic testing, H&CO 1B59485.



4,1.11 Hydraulic System (1B59485 D)

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 hydraulic pump thermal isolatoxr assembly,
P/N 1A86847-509, S/N 043; the auxiliary hydraulic pump, P/N 1A66241-509, S/N
X454673; the accumulator/reservoir assembly, P/N 1B29319-519, S/N 16; and the
hydraulic actuators, P/N 1A66248-505, S/N's 56 and 57.

The procedure was satisfactorily accomplished on 2 May 1967, and was accepted
on 23 May 1967. Those function values measured during the test are presented
in Test Data Table 4.1.11.1. Except for the hydraulic pump inlet oil temper-
ature, all of these values were acceptable and within general design require-
ments, although specific limit requirements were not defined in the procedure

for most of the measurements.

Stage power setup was accomplished, and initial conditions were established ’
for the test. The instrument unit (IU) 5 wvolt power supply was turned on and
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 turning on the auxiliary hydraulic pump were checked next.
During these checks, the aft bus 2 power was not turned on, 0 the pump itself
did not actually turn on. Only the auxiliary pump on indication was checked.
The coast mode operation was checked by applying dry ice to the coast mode
thermal switch and verifying that the low temperature caused the thermal
switch to turn the auxiliary pump on when the auxiliary hydraulic pump coast
command was turned on, and that turning off the coast command turned the
auxiliary pump off. The flight mode operation 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.

4
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4.1.11 (Continued)

A sine wave generator rest was satisfactorily conducted to verify proper
operation cf the generator. The engine centering tests were then conducted.
The first test was conducted with the actuator position locks on and with the
hydraulic system unpressurized. By measuring the actuator positions, and the
voltage of the IU substitute 5 volt power supply and the aft 5 volt excitation
module, the corrected actuator positions were determined. The pitch and yaw
actuator locks were then removed, and the aft bus 2 power was turned on and
the voltage was measured. The auxiliary hydraulic pump was turned on in the
automatic mode, and the aft bus 2 current was measured. The increase in
hydraulic system pressure over a 4 second period was measured, and the various
hydraulic system functions were verified to be withln their proper operaFing
limits.

With the hydraulic system pressurized, the second engine centering test was
conducted with the actuator locks off and with no excitation signal applied to
the actuators. By repeating the test measurements as before, the corrected
actuator positions were again determined. A zero excitation signal was then

applied to the actuators, and the hydraulic system functions were measured.

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, counterclockwise 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
compariéon of the hydraulic servo engine positioning system command and response
signals verified that the responge movement was of the correct polarity and
magnitude to agree with the command signal, and met the requirements for

movement linearity.

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 O degrees to -3 degrees, from -3 degrees to 0 degrees,



4.1.11 (Continued)

from 0 -degrees to +3 degrees, and from +3 degrees to 0 degrees. The engine
response was observed visually and audibly for unwanted oscillations, and the
actuatorirésponses were recorded during the engine movement. The engine slew
rates were manually calculated for each of the step movements. The Test Data
Table shows the calculated slew rates and representative actuator response
values for the initial period of each check. The values measured were all
acceptable and within general design requirements, although specific limits

were not discernible 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 pitch and yaw actuator

locks were then replaced.

No major problems were encountered during this procedure, and no failure and
rejection reports were written against the test. The hydraulic pump inlet oil
temperature transducer, measurement C50, was not installed at the time of this

test, as noted below in the revision discussion.

Three revisions were recorded in the procedure as follows:

a. One revision explained the oui-of-tolerance forward 5 volt excitation
module voltages measured during initial conditions scan. This probilem
is described in the stage power setup, paragraph 4.1.15, and
FARR A251516, which was made applicable to all occurrences of the
problem during initial condition scan for the stage checkouts at STIC.

b. One revision-explained that an out-of-tolerance C50 measurement for
the hydraulic puimp inlet oil temperature resulted because the trans-
ducer was not installed at the time of this test. The revision
indicated the transducer would be installed and checked out during
subsequent” prefire tests of the hydraulic system in the VCL and on
the Beta I Test Stand. -This was. accomplished with the installation
of temperature probe, P/N 1B34472-503, S/N 53392.

c. One revision corrected a program error.
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4.1.11.1 Test Data Table, Hydraulic System

Function Measurement Limits
IU Substitute 5 volt Power Supply (vdc) 4.98 5.00 +0.05
Aft 5 volt Excitation Module (vdc) 5.02 5.00 +0.05
Hydraulic System Unpressurized
Reservoir 0il Pressure {psia) 75.06 *
Accumulator GNp Pressure (psia) 2370.13 *
Accumulator GNp Temperature (°F) 67.83 *
Reservoir 0il Level (%) 94 .56 %
Pump Inlet Oil Temperature (°F) -69.43%% *
Reservoir 0il Temperature (°F) 100.00 *
Aft Bus 2 Current (amp) 0.20 %
Gaseous Nitrogen Mass (1b) 1.942 .1.,925 +0.2
Corrected Reservoir 0il Level (%) 98.1 95.0. min.
Engine Centering Test, Locks On, System Unpressurized
T/M Pitch Actuator Position (deg) -0.00 %
IU Pitch Actuator Position (deg) -0.03 e
T/M Yaw Actuator Position (deg) 0.00 *
IU Yaw Actuator Position (deg) -0.03 *
IU Substitute 5 volt Power Supply (vdc) 4.97 *.
Aft 5 volt Excitation Module (wde) 5.02 *
Corrected T/M Pitch Actuator Fosition (deg) 0.025 -0,.236 to 0.236
Corrected IU Pitch Actuator Position (deg) -0.065 -0.236 to 0.236
Corrected T/M Yaw Actuator Position (deg) -0.025 -0.236- to 0.236
Corrected IU Yaw-Actuator Position (deg) 0.006 -0.236 to 0.236
Aft Bus 2 Voltage (vdc) 55.84 56,0 4.0
Aft Bus 2 Current (amp) 57.20 55.0 +£30.0
Hyd. System & Second Press. Change (psia) 327.3 200.0 min
Engine Centering Test, Locks Off, System Pressurized,
No Excitation Signal
T/M Pitch Actuator Position (deg) ~-0.08 ®
IU Pitch Actuator Position (deg) -0.12 *
T/M Yaw Actuator Position (deg) -0.06 o
IU Yaw Actuator Position (deg) -0.04 ®
IU-Substitute 5 volt Power Supply (vdc) 4.97 ®
Aft 5 wvolt Excitation Module (vde) 5.01 *
Corrected T/M Pitch Actuator Position (deg) . -0.060 -0,517 to 0.517
Corrected IU Pitch Actuator Position (deg) -0.155 -0.,517 to 0.517
Corrected T/M Yaw Actuator Position (deg) -0.079 -0.517 to 0.517
-0,517 to 0.517

Corrected IU Yaw Actuator Position (deg) . =0.010

* Limits Not Specified

%% Refer to revision discussion, item b



4.1.11.1 (Continued)

Function . Measurement Limits

Hydraunlije System Pressurized, Locks Off,
Zero Excitation Signal Applied to Actuators

Hydraulic System Pressure (psia) 3568.63 #
Reservoir 0il Pressure (psia) 164,97 *
Accumulator GNy Pressure (psia) 3545.75 ®
~Accumulator GNoy Temperature (°F) 87.82 *
Reservoir 0il Level (%) 43.75 *
Pump Inlet 0il Temperature (°F) —-69,43%% %
Reservoir 0il Temperature (°F) 83.11 *
Aft Bus 2 Current (amp) 39.20 %
Pitch O to —3 Degree Step Response — Engine Slew Rate: 15.2 deg/sec
Time from Start Pitch Excitation TU Pitch Actuator 10 5 volt Power
(sec) Signal (ma) Pot. Pos. (deg) Supply (vde)
0.000 0.000 -0.164 4.979
0.027 -19.971 ~0.548 4.971
0.056 -19.971 -0.952 4.980
0.083 ) -19.971 . -1.355 4.985
0.111 -19.971 -1.803 ° 4.980
0.140 -19.971 -2.222 4.980
0.167 -19.922 -2.,597 4.980
0.195° -19.922 ~2.813 4,976
0.224 -19.971 -2.986 4,985
0.251 ~19.,971 -3.029 4.980
.0.279 -19.971 -3.044 4.985
0.308 -19.971 -3.044 4,980
Pitch -3 to 0 Degree Step Response — Engine Slew Rate: 15.2 deg/sec
Time from Start Pitch Excitation IU Pitch Actuator IU 5 volt Power
(see) Signal (ma) Pot. Pos. (deg) Supply (vde)
0.000 -19.949 -3.134 4.979
0.025 ’ 0.000 -2.654 4.980
0.054 . -0.049 -2.236 4.980
0.083 -0.098 - =L1.817 4.980
0.110 0.000 ~1.342 4.980
-0.139 -0.049 -0.938 4,980
0.167 0.000 -0.548 4.980
0.193 0.000 -0.317 5.000
0.222 0.000 -0.216 4,980
0.250 -0.098 -0.158 4,985
0.277 0.000 -0.158 4.980
0.306 0.000 -0.188 4,980

% Limits Not Specified
%% Refer to revision discussion, item b
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4.1.11.1 (Continued)
Pitch 0 to +3 Degree Step Respomse — Engine Slew Rate: 15,2 deg/sec

Time from Start
(sec)

Pitch Excitation
Signal {(ma)

TU Pitch ‘Actuator -

Pot. Pos. (deg) -

-IU 5 volt Power
Supply {vde)

0.000
0.027
0.055
0.083
0.111
0.13§ -
0.167
0.195
0.223
0.251
0.279
0.307

-0

19,
19.
19.
922

19

19.
19.92
.922

19

19.
19,873
19.
.873

19

.050

775
971
922

873
922

922

873

-0.118
.419
.809
.2586
.718
121
497
.670
.800
.828
.828
.814

MNMMNNNMNNNNREREROO

.984
.980
.980
.980
.985
.985
.9%0
.980
.980
.980
.985
.980

E R - S S

Pitch +3 to 0 Degree Step Response ~ Engine Slew Rate: 15.2 deg/sec

Time ﬂppm Start
{sec)

Pitch Excitation
Sigral (ma)

IU P@tch Actuator
Pot. Pos. (deg)

IU 5 wolt Power
Supply (vde)

0,000
0.026
0,055
0.083
0.110
0.1:39
0.167
.194
.223
.251
.278
.307

[use I o i e Y o5 Y -

Yaw O to -3 Degree Step

19
C

0.
0.
-0.
~0.
0.
0.
.049
.000
049
.000

-0
0
-0
0

.899
.60o

000
146
049
146
049
000

-2.955
2,453
2.121
1.674
1.213
0.794
0.448
0.202
0.044
-0.071 .
-0.071
-0.086 .

4,984
4,980
4.980
4,980
4.980
4,980
4.980
4.980
4.980
*4.,980
4,980
4.980

Response — Engipne Slew Rate: 15.2 deg/sec

Time f;om Start
(sec)

0.000
0,027
.056
.083
.111
.140
167
.195
\224
.251
.279
.308

COCOCOO0O0O OO0

Yaw Excitation
Signal (ma)

I Yaw Actuator
Pot, Pos. (deg)

0

-19.
.824
.873
.873
.873
.824
.873
.873
.922
-19.
-19.

-19
~19
-19
=19
-19
=19
-19
-19

.050

824

873
873

-0.090
~0.563
-0.996
~1.443

-1.905
-2.353
~2.670
-2.915
~3.002
-3.045
~3.017
~3.060

IU 5 volt Power

Supply (vdce)

.979
.980
.976
.980
.980
.985
.980
.980
.980
.985
.980
.980

N e Y N N U S



4,1,11.1 (Continued)

Yaw -3 to 0 Degree Step Response ~ Engine Slew Rate: 15.2 Qeg/sec

Time from Start
{sec)

(.000
0.026
0.055
0.083
0.110
0.139
0.167
0.194
0.223
0.251
0.278
0.306

Yaw 0 to +3 Degree Step Response — Engine Slew Rate:

Yaw Excitation
Signal (ma)

~19.
.098
.049
.049
.049
.049
.098
.049
.098
.098
.098
.146

COoO0OO0OCOoOOO OO

850

IU Yaw Actuator

Pot. Pos. (deg)

-3.180
-2.670
-2.251
~1.790
-1.299
-0.852
-0.506
-0.260
-0.145
-0.087
-0.044
-(.059

I0 5 volt Power
Supply (vdc)

4,994
4.980
4.980
4.980
4.980
4,980
4,980
4,980
4.985
4,985
4,985
4.971

15.2 deg/sec

Time from Start
{sec)

0.000
0.027
0.056
0.083
0.111
0.140
0.167
195
224
.251
.279
.308

CcCoOoOOoOO0O0o

Yaw +3 to 0 Degree Step Response — Engine Slew Rate:

Yaw Excitation
Signal (ma)

0
19
19
19
19
19
19
19
19
19
19
19

.100
.922
.922
971
.922
971
.873
.922
922
971
.922
922

IU Yaw Actuator
Pot., Pos. (deg)

~0.015
.433
.865
.327
.803
.265
611
.827
.943
972
.986
.986

MNP NPEPRE OO

IU 5 volt Power
Supply (vdc)

4£.984
4,980
.980
.976
.980
.980
.980
.980
.980
4,980
4.980
4,980

oo N e S Al

15.2 deg/sec

Time from Start

Yaw Excitation

(sec) Signal (ma)
0.000 19.949
0.026 0.146
0.055 0.098
0,083 0.098
0.110 0.000
0.139 0.098
0.166 0.098
T 0.193 0.049
0.224 0.000
0.250 0.098
0.278 0.098
0.307 0.098

IU Yaw Actuator
Pot., Pos. (deg)

I0 5 volt Power
Supply (vdc)

074
.239
.135
.659
.197
.735
.360
144
014
.044
.029
L0314

|

|

OO OO O ORFRFPMMNW

4,979
4.980
4.985
4.980
4.980
4,985
4,980
4.971
4.980
4,985
4.980
4.980
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4.,1,11.1 {Continued)

Final Hydraulic System and Engine Centering Test
§y§tem Pressurized, Locks Off, No Excitation Signal

Function Measurement Limits
Hydraulic System Pressure {psia) 3568.63 *
Reservoir Oil Pressure (psia) 170,21 %
Accumulator GN, Pressure (psia) 3553.94 *
Accumulator GN, Temperature (°F) ' 74 .88 *
Reservoir 01l Level (%) 42.14 *

Pump Inlet 0il Temperature (°F) -69.43%% %
Reservoir 0il Temperature (°F) 98.43 *
Aft Bus 2 Current (amps) 40.60 %
T/M Pitch Actuator Position (deg) -0.07 %
IU Pitch Actuator Position (deg) -0.07 ®
T/M Yaw Actuator Position (deg) -0.09 %
TU Yaw Actuator Position (deg) -0.09 %
IU Substitute 5 volt Power Supply (vde) 4.98 *
Aft 5 volt Excitation Module (vde) 5.01 *
Corrected T/M Pitch Actuator Position {deg) -0.044 -0.517 to 0.517
Corrected IU Pitch Actuator Position (deg) -0.103 -0.517 to 0.517
Corrected T/M Yaw Actuator Position (deg) -0.110 -0.517 to 0.517
Corrected IU Yaw Actuator Position (deg) ~0.062 -0.517 to 0.517

* Limits Not Specified
%% Refer to revision discussion, item b

4.1.12 Digital Data Acquisition System Calibration (1B59593 E)

The automatic calibration of the digital data acquisition system (DDAS) was
accomplished during this checkout through the insertion of analog sigpals

to the multiplexer inputs and sending discrete signals to the DDAS bi-level
inputs. This test verified that the DDAS was ready to proceed wiéh stage post
storage checkout operations. The items involved in this test were the
PCM/DDAS assembly, B/N 1A74049-511, S/¥ 5; the CP1-BO time division multi-
plexer, P/N 1B62513-531, S/N 017; the DP1-BO time division multiplexer,

P/N 1B62513-533, S/N 03; the remote digital submultiplexer (RDSM), P/N
1B52894-1, 5/N 09; and the low level remote analog submultiplexer (EASM),

P/N 1B54062-503, S/N 012, - ’

Asgembly outline 1B57693R had replaced the CP1-BO and DP1-BO multiplexers,
P/N 1B62513-515, S/N 03, and P/N 1B62513-517, S/N 02, with configuration

-531 and -533 multiplexers, respectively, prior to initiation of this test.



4.1.12 QContinued)

Initiated on 5 May 1967, the calibration was successfully completed on 8. May
1967, and was:accepted on 9 June 1967, Prior to automatic testing, manual
checks of the 72 kHz bit rate and 600 kHz VCO deviation were accomplished. The
72 kHz bit rate test checked the clock output of.the PCM data train with a
frequency counter to ensure that the frequency was within the reqﬁired toler~-
ance of 71,975 to 72,025 bits per second. The 600 kHz VCO test was accomplished
by measuring the band edge frequencies and voltages of the PCM/DDAS VCO output.
The upper band edge frequency was measured as 633.667 kHz at 2.55 vrms, within
the acceptable limits of 623.2 kHz to 643.2 kHz at greater than 2.2 vrms. The
lower band edge frequency was measured as 567i067 kHz at 2.77 vrms, within the
acceptable limits of 556.8 kHz to 576.8 kHz at greater tham 2.2 vrms. The
frequency differential was calculated as 66.600 kHz, within the acceptable
limits of 60 to 80 kHz,

Stage power was turned on and initial conditions were established. The DDAS
ground station was verified to be in synchronmization with the stage DDAS, and
testing proceeded with the antomatic flight calibration of the CPl-BO and
DP1-BO multiplexers. The oﬁtputs of data channels DP1-B0-11-01 through
~11-10 and CP1-B0-11-01 through -11-10 were recorded at each of the calibra-
tion input levels of 0.000, 1.250, 2.500, 3.750 and 5,000 vdc. The output of
eéch of these channels was within the +0.030 vde tolerance limit of the input

for each calibration level.

The CP1-BO and DP1--BO multiplexers were then checked individually. For

festing of each mﬁltiplexer, the required manual test cable connections were
made; and when called for by the computer typeout, the multiplexer input
signal.power supply was édjusted to‘voltage levels of 0.000, 1.250, 2.500,
3.750, and 5.000 vde £0.001 vde for the five test runs on each multiplexer.
During the 0.000 vdc input level test run only, input voltages of 4.5 +0.100 vdc
and 20.0 +1.0 vdc -were supplied to the PCM/DDAS assembly. The PCM/DDAS input
voltages were 0.0 £0.100 vdc and 0.0 £1.0 vde, respectively, during the other
four test runs. The CP1-BO multiplexer tests were repeated due to channel
malfunctions resulting from operator setup e&ror. All channel outputs for the
repeat CP1-BC tests and the DP1-BO multiplexer tests were verified to be within

the required tolerances of £0.025 vde or +0.03 vdc, as applicable.
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4.1.,12 (Continued)

The remote digital submultiplexer (RDSM) was checked by inserting signal levels
equivalent to ones (20 vdc) and zeros (0 vdc) into the RDSM input circuits

and checking the output at the computer for a digital woxd of corresponding
ones and zeros. The remote analog submultiplexer (RASM) was tested by insert-
ing signal wvoltages, 0 to 30‘millivolts, which were amplified to an output
range of 0 to 5 volts dc in correspondence with the 0 to 30 millivolt fange
input. All measured outputs for the RDSM were within the required tolerances.
The RABM test was fepeated, as channel malfunctions on the first test indicated
out—of-tolerance measurements. This occurred due to progiam errors. After
program error correction, all measured outputs for the RASM were within the
required tolerances during the repeat test. The final test measured the
PCM/FM transmitter current at 4.5 amperes, within the allowable limits of

4.5 +3.0 amperes.

There were no part shortages affecting the test, and no problems resulting

in FARR initiation.
Eight revisions were recorded in the procedure as follows.

a. Three revisions corrected program errors, two which involved the
channel malfunctions during initial RASM testing as described .
previcusly.

b. Two revisions corrected operator setup errors that had resulted in
channel malfunctions, and then repeated the tests. One error was a
failure to hook up the PCM RF assembly for the PCM/FM transmitter
current test. The other setup error resulied in the out—of-tolerance
initial tests of the CP1l-BO multiplexer as mnoted previously.

¢. ‘One revision explained the cut—of-tolerance forward 5 volt excitation
module voltages measured during initial conditions scan. This
problem is described in detail in the stage power setup, paragraph
4.,1.15, and is also noted in the power distribution system para-
graph 4.1.22, This revision also referred to FARR A251516 which is
discussed in 4.1.15. o

d. One revision authorized a substitution for the power supply in the
RASM test setup. The specified EPSCO unit, P/¥ VR607-2, did not
exhibit sufficient stability to meet the +0.015 mvde tolerance on
RASM input power. '

e. One revision noted that a LOX chilldown shutoff valve not open-
indication during initial conditions scan resulted from disconnection
of the valve. This was accepted since DDAS calibration testing was
not affected. - . ’



4,1.13 Stage Power Turnoff (1B59591 D)

The stage power turnoff procedure was used for automatic shutdown of the stage
power distribution system, returning the stage t¢ the de-engergized condition
after completion of the various system checkout procedures during prefire
testing of the stage at the VCL. The procedure deactivated stage relays so
that no current flowed from the battery simulators*through the stage wiring.

All internal/external transfer relays were set to the external condition.

Satisfactory demonstration of this procedure was accomplished and accepted.on

9 May-l967. Stage power turnoff measurement values for this demonstraticn
issue are tabulated in Test Data Table 4.1.13.1. Following this, the stage
power turnoff procedure was used to shutdown the stage at the conclusion of the

various automatic checkouts conducted during VCL prefire operations.

Automatic stage power turnoff started with verification that the umbilical
connectors were mated and that the flight measurement indication enable was
turned. on. The bus 4D119 talkback power, the forward bus 1 and aft bus 1

28 vdc power supplies, and the sequencer power were all verified to be on. The

forward bus 1 and aft bus 1 voltages were then measured.

Switch selector functions were then turned off, and a series of checks verified
that the stage electrical functions were in the proper state of off or reset.
. The forward and aft bus power supplies were verified as off, and the forward
-and aft bus battery simulator voltages were measured. OStage 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 4D11% talkback power was turned off. Thelmatrix magnetic latching relays

were then reset, completing this demonstration rxun for stage power turnoff.

There were no discrepancies recorded by FARR's against this test, and no

revisions were recorded in the procedure.

51



4.1,13.1 Test Data Table, Stage Power Turnoff

Function -t Measurement Limits
Forward Bus 1 Voltage, Power On (vdc) : 29.04 28 12
Aft Bug 1 Voltage, Power On (vdc) 29.08 .28 £3.
Forward Bus 1 Battery Simulator Voltage (vdc) 0.00 0 +2
Forward Bus 2 Battery Simulator Voltage (vdc) 0.00 0'+2
Aft Bus 1 Battery Simulator Voltage (vde) - - 0.00 0-%2 -
Aft Bus 2 Battery Simulator Voltage (vdce) 0.00 0 %2
Forward Bus 1 Voltage, Power Off (vdc) ; ’ 0.08 0 +1.0
Forward Bus 2 Voltage, Power Off (vdc) 0.00 0 +1.0
Aft Bus 1 Voltage, Power Off (wdc) -0.,04 0 +1.0
Aft Bus 2 Voltage, Power Off (vdc) . 0.00 0 +1.0

4.1.14 Unbilical Interface Compatibility Check (IB64306 D)

The umbilical interface compatibility was checked out at Test Stand Beta I per
this procedure prior to connecting the umbilical cables for stage power turn
on, The design sbecificatioﬁs-and continuity of the stage umbilical wiring
was checked out by point-to-point resistance checks of all umbilical- circuits.

This test assured that proper loads were present on all power buses and that

* the control circuits for propulsion valves and safety items on the stage were

within the prescribed tolerances. . . ’

This checkout at Beta I was initiated and satisfactorily completed on 16 May
1967. A series of resistance measurements was made at specified test points
‘on the GSE Model DSV-4B-133 signal distribution unit, P/N 1A59949, using test
point/terminal§463A1A5—J34FF -as the common point for all measurements. These
measurements verified that all wires and connections in the umbilical cables
and stage umbilical wiring were intact and of the proper material.and wire

gauge, ard that all resistance values and loads were within acceptable limits.

- A Simpson Model 260 multimeter and a Triplett Model 630 multimeter were used

to make the resistance measurements., See Test Data Table 4.1.14.1 for partic-

ular test points, circuit functions, measured resistances, and resistance

%
»

limits.

No discrepancies were recorded during checkout and no FARR's were initiated.



4,1.14

{Continued)

Four revisions were recorded in the procedure, each of which authorized

changes in allowable tolerances for the following resistance measurements.

Test Point

A2329-h

A2729-i
A2330-W
A2J30-X
A2730-2

A2J42~F

A2730-b
A2330-¢
A2330~d
A2330-e

Limit (Chms)

Specified Revised
50 max 300 max
50 max 10-80
10-60 10-80
10-60 10-80
10-60 10-80
1.CK min 100-200
10-30 10-40
10-30 10-40
10-30 10-40
10-30 10-40

Reason for Revision

Resistance limits

increased by cable

" configurations incor-

porating diodes.

Same as Item a.

above

Deletion of the
gtage LH2 timer

and replacement ﬁith
relay coils . lowered

aft bus 1 resistance.

Limits recalculated
based on Engineering
evaluation indi-
cating tolerances

were too stringent.
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4,1.14.1 Test Data Table, Umbilical Interface Compatibility Check

Reference Designation 463A2

Meas. Limit

Test Point Function Ohms Ohms
A2J29-C Cmd., Ambient Helium Sphere Dump 27 ; 10-60
CB-8-2 Cmd,., Engine Ignition Bus Power Off Inf. Inf.
CB-9-2 Cmd., Engine Ignition Bus Power On S 5~20
CB-10-2 Cmd., Engine Control Bus Power Off Inf. ’ Inf.
CB-11-2 Cmd., Engine Control Bus Power On 10 5=20
A2J29-N Cmd., Engine He Emerg Vent Control On 55 10-60
A2329-Y Cmd., Start Tk Vent Pilot V1v Open 23 10-60
CR-4~2 Cmd., LOX Tk Cold He Sphere Dump 34 10-60
A2329-h Cmd,, Fuel Tk Vent Pilot V1v Open 250 300 max

(Same, reverse polarity) Inf. 500K min
A2329-4 Cmd., Fuel Tk Vent Vlv Boost Close 70 10-80

(Same, reverse polarity) Inf. 500K min
A2329-g LCmd-., Ambient He Sup Shutoff

Valve Close 25 10-60
A2J30-H Cmd., Cold He Sup Shutoff

Valve Close 1.3K 1.5K max

(Same, reverse polarity) Inf. Inf,
A2330-W Cmd., LOX Vent Valve Open . 70 10-80
A2330-X Cmd., LOX Vent Valve Close 70 10-80
A2330-Y Cmd., LOX & Fuel Prevlv Emerg Close 70 100 max

(Same, reverse polarity)
A2J30-Z Cmd., LOX & Fuel Chilldown Vlv Close 70 10-80
A23730-b Cmd., LOX Fill & Drain Valve 33 10-40

Boost Close
A2330~-¢ Cmd,, LOX Fill & Drain Valve Open 33 10-40
A2330-d Cmd., Fuel Fill & Drain Valve

Boost Close 33 10-40
A2J330-e - Cmd., Fuel Fill & Drain Valve Open 33 10-40
A2J42-F Meas., Bus +4D111 Regulation 175 100-200
A2335~y Meas., Bus +4D141 Regulation 650 50 min
A2J6-AA Sup., 28v Bug +4D119 Talkback Power 100 60-100
Reference Designation 463A1
AS5JT41-A Meas., Bus +4D131 Regulation 1.5K 400 min
A5J4]1-E Meas., Bus +4D121 Regulation 2.3K 1.6K min
A5J53~AA Sup., 28v +4D119 Fwd Talkback Power 70 60-100



4.1.15 Stage Power Setup (1B59496 D)

Prior to initiation of automatic prefire.checkouts for the stage on Test Stand
Beta I, the automatic stage power setup procedure verified the capability of
the GSE Automatic Checkout System (ACS) to control power switching to and
within the stage, and ensured that the stage power distribution system was not
subjected . .to excessive static loads during initial setup sequences. After
successful demonstration, this procedure was used to establish initial condi-

tions during the subsequent prefire asuiomatic stage checkouts conducted at
Beta I.

This checkout was successfully demonstrated on 16 May 1967, and was accepted

on 17 May 1967. Stage power setup measured values were as shown in Test Data
Table 4.1.15.1.

The test started by resetting all matrix magnetic latching relays and verifying
that the corresponding command relays were in the proper state. The umbilical
connectors were verified to be mated, and plugs. 404W26P1 and 404W27P1 were
verified to be disconnected from the LOX and LHy inverters. The bus 4D119
talkback power was turned on and the prelaunch checkout group power was

turned off. The forward and aft power buses were transferred to extermal
power. The sequencer power, engine control bus power, engine ignition bus
power, APS bus 1 and bus 2 power, and propelilant level sensor power, were all
verified to be off. Power to the range safety receivers and EBW firing units
was transferred to external and verified to be off. The switch selector
checkout indication enable and the flight measurement indication enable were
both turned on. The bus 4D131 28 vde power supply was turmed on and the

forward bus 1 initial current and voltage were measured,

The range safety system safe and arm device was wverified to be in the safe
condition. Twenty-seven switch selector functions were trhen turned off and
four were turned on. The forward bus 1 quiescent current was measured, power

was turned on to the PCM system group and the current was measured.

After closing the cold helium supply shutoff valve, the bus 4DLl1l1 28 wvde
supply- was turned on and the aft bus 1 power suppl& current and voltage were

measured. The sequencer power was then turned on, and the aft bus 1 power
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4.1.15 (Continued)

supply current was remeasured to compute the current draw. Next, the bus
40121 28 vde power supply was turned on and the forward bus 2 power supply
current and voltage were measured. The forward bus 2 power was then turned on

to the prelaunch checkout group and the current was measured.

The RACS system run mode was turned on, and, after verifying that the forward
and aft battery load tests were turned off, the DDAS ground station source
selector switch was manually set to position 1 and the ground station was
verified to be in synchronization. 4 series of checks then verified that
stage functions were in the proper state. Forty-one functions were verified
to be off and twenty were verified to be on. The LOX and LH, prevalves and
chilldown shutoff valves were verified to be open, and the LOX and LH, vent

valves and fill and drain valves were verified to be closed.

The final operations of this automatic procedure measured the forward aﬁd aft
5 volt excitation module voltages, the range safety EBW firing unit charging
voltages, the aft bus 2 voltage, the forward and aft battéry simulator voltages,

and the component test power wvoltage.

One discrepancy was recorded on FARR A251516. The measured values for the
forward 1 and 2 5 volt excitation module voltages were out-of-tolerance as
listed in the Test Data Table. The low voltage indications were caused by a
30 millivolt line drop on the ground return of the expanded scale module.
The return line for this module shares the signal conditioning rack power.
teturn line, and the signal conditioning current produced the large line loss.
As the 5 volt excitation modules had been properly adjusted to the specified
tolerance of 5.0 +0.030 volts, the out-of-tolerance measurements for the
voltage’monitoring circuits were acceptable to Engineering, as noted on
FARR A251516. Resolution of the problem was offered through a change in
calibration curves based on system calibration data obtained from studies

at SS8C.

Three revisions were recorded in the procedure as follows:

a. One revision explained the out-of-tolerance forward 5 volt excitation
module voltages, as described previously for FARR A251516.



4,1.15 (Continued)

b.

One revision authorized an ALCO change to the program tolerance for
the prelaunch checkout group current draw. The tolerance was changed
from 8 +4 to 4 +4 amps, The tolerance of 8 +4 amps was considered

a program error because normal current for the prelaunch checkout
group could have been as low as 2 amps. ’

One revision explained am indication of noise input on channel 5
during printout of range time at the beginning of stage power setup.
The noise indication resulted from a timing problem in the Model
DSV-4B-118 computer interface unit, P/N 1A59937-1, when an SSD slide
was manually selected while the computer was asking for range time.

4.1.15.1 Test Data Table, Stage Power Setup

Function Measurement Limit
Forwvard Bus 1 Initial Current (amps) : 0.90 20 max.
Forward Bus 1 Voltage (vde) 28.44 29 +2
Forward Bus 1 Quiescent Current (amps) 1.50 5 max
PCM System Group Current (amps) 3.80 543
Aft Bus 1 Power Supply Current (amps) 0.40 2 max.
Aft Bus 1 Voltage (vdc) 28.64 28 12
Sequencer Power (amps) 0.00 3 max.
Forward Bus 2 Power Supply Current (amps) 0.80 2 max.
Forward Bus 2 Voltage (vdc) 28.00 28 +2
_Prelaunch Checkout Group Current {amps) 2.00 4 44
Aft 5 V Excitation Module Veltage (vdc) 5.02 5.0 £0.030
Forward 1 5 V Excitation Module Voltage (wdce) 4,97% 5.0 £0.030
Forward 2 5 V Excitation Module Voltage (wvdc) 4.96% 5.0 £0.030
Range Safety 1 EBW Firing Unit Chg Voltage (vdc) 0.01 0 +1
Range Safety 2 EBW Firing Unit Chg Voltage (vde) 0.00 0 f1
Aft Bus 2 Voltage (wdc). 0.00 0 +1
Forward Battery 1 Voltage (wvde) 0.04 0 £1
Forward Battery 2 Voltage (vdc) 0.00 0 +1
Aft Battery 1 Voltage (vde) 0.00 0 +£1
Aft Battery 2 Voltage (vdc) 0.00 0+1
Component Test Power Veoltage (vdc) 0.56 0 +1

*Qut-of-tolerance, reference FARR A251516

4.1.16 Stage Power Turnoff (1B59497 )

The stage power turnoff procedure was used for automatic shutdown of the stage

powef distribution system, returning the stage to the de-energized condition

after completion of the various system checkout procedures during prefire

testing of the stage on Test Stand Beta I. The procedure deactivated stage

relays so that no current flowed from the battery simulators through the stage

wiring.

All internal/external transfer relays were set to the external condition.
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4.1.16 (Continued)

Satisfactory demonstration of this procedure was accomplished and accepted on
16 May 1967. Stage power turnoff measurement values for this demonstration
issue are tabulated in Test Data Table 4.1.16.1. Following this, the stage
power turnoff procedure was used to shut down the stage at the conclusion of

the various automatic checkouts conducted during Beta I prefire operations.

The automatic stage power turnoff started with a verification that the
umbilical connectors were mated and that the flight measurement indication
enable was turned on. The bus 4D119 talkback power, the forward bus 1 and aft
bus 1 28 vdc power supplies, and the sequencer power were all verified to be

on, The forward bus 1 and aft bus 1 wvoltages were then measured.

Switch selector functions were then turned off and a series of checks verified
that the stage electirical functions were in the proper state of off or reset.
The forward and aft bus power supplies were verified as off, and the forward
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 4D119 talkback power was turned off. The matrix magnetic latching relays

were then reset,.completing this demonstration run for stage power turnoff. .

There were no discrepancies recorded by FARR's against this test, and no-

revisions were recorded in the procedure.

4.1.16.1 Test Data Table, Stage Power Turnoff

Funetion Measurement Limit
Forward Bus 1 Voltage, Power On (vdc) 28.48 28 +2
Aft Bus 1 Voltage, Power On (vdc) 28.48 28 +2
Forward Bus 1 Battery Simulator Voltage (vdc) 0.04 0 +2
Forward Bus 2 Battery Simulator Voltage (vdc) - 0.00 0 +2
Aft Bus 1 Battery Simulator Voltage (vdc) 0.00 0 +2
Aft Bus 2 Battery Simulator Voltage (vdc) 0.16 0 &2
Foxrward Bus 1 Voltage, Power Off (vde) 0.16 0 +1.0
Forward Bus 2 Voltage, Power Off (vdc) 0.00 0 +1.0
Aft Bus 1 Voltage, Power O0ff (vdc) .0.08 011.0
Aft Bus 2 Voltage, Power Off (vde) 0.08 0 +1.0-



4.1.17 Forward Skirt Thermoconditioning System Operating and Checkout
Procedure (1B41955 A) .

Prior to initiating prefire automatic checkout of the stage at the STC Test
Stand Beta I, the forward skirt thermoconditioning system (TCS) was function-
ally checked to prepare it for operation, and then operated to demonstrate
that the system was capable of supporting stage checkout operations. The
procedure utilized the Model DSV-4B~359 TCS servicer, P/N 1A78829-1, which
conditioned and supplied the water/methancl heat transfer fluid to the for-

" ward skirt TCS, P/N 1B38426-513.

Checkout and operation of the TCS was initiated at the STC Test Stand on
16 May 1967, and was completed on 3 June 1967. Preliminary operations
included connection of the Model DSV-4B-359 servicer to the TC5, and prepara-

tion of the servicer and its associated plumbing for operationm.

The first checkout conducted was the water/methanol cleanliness test for the
servicer, to determine the existence of any unacceptable particulate
contamination that could cause system failure fhrough flow restriction ox
pump abrasion. After circulation of the water/methanoi fluid thfough the
system, fluid samples were taken from both the supply and return lines for
laboratory analysis. This test was repeated lszter in the procedure after
installation of the differential pressure (delta P) testing equipment. All
samples for both cleanliness tests were acceptable. Results indicated no
particles in the 175-700 micron range, none in the 700-2500 micron range, and

none above 2500 microns for any of the fluid samples checked.

Next, the water/methanol specific gravity test was conducted to ensure that
the correct amounts of water and methanol had been combined for an acceptable
conéentration. The specific gravity and temperature of the fluid were
measured with a hydrometer and thermometexr, respectively, determining that the
water/methanol concentration was within the acceptable mixzture range (delta P

testing band).

Following the setup and installation of the delta P test equipment, and the
repeat cleanliness check, the differential pressure test was conducted to

verify correct TCS system geometry and proper flow distribution. The test was
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4,1.17 (Continued)

conducted by measuring the differential pressure between the TCS fluid supply
and return, as well as the supply and return temperatures, while maintaining
a flow rate of 7.8 40,2 gpm. The differential pressure was recorded as

14.75 psid, with supply and return temperatures at 68°F and 76°F, respectively.

Following the successful completion of the delta P test, the’automatic

operation of the TCS was demonstrated using a water/methanol flow rate of 7.8
4+0.2 gpm, a supply temperature of 85 +5°F, and the maximum limits of 20 *2 psig
supply pressure and 6 psig return pressure., During this demonstration run,
visual inspection for external fluid leakage from the TCS and the servicer

was accomplished. No leakage was detected. Shutdown of TCS operation was
followed by purging residual water/methanol from the system with GH2 at
pressures as high as 32 &1 psig. The TCS operation @emonstrated that the system

was prepared to support the stage prefire checkout activities.

Four revisions were made to this procedure:

a. One revision added a requirement to run four paragraphs of H&CO
1B41884, to dry the stage cold plates prior to performing the leak
check with freom.

b. One revision changed the wording of a paragraph from "The flowmeter
shall indicate 7.8 +0.2 gpm" to "The flowmeter shall indicate 7.8
+0.2 gpm per the calibration curve.,”

¢. Two revisions deleted requirements for time cycle data recording in
this procedure.

There were no failures documented and all parts were installed at the start

of this test.

No modification or rework effort was anticipated that would invalidate the

results of this test and the thermoconditioning system was accepted for use.

4,1.18 Stage and GSE Manual Contxols Check (1B70177 D)

This prefire procedure verified manual control capability for the pneumatic

regulators and valves in the propulsion GSE and stage systems. The test



4,1.18 (Continued)
consisted of supplying electrical and pneumatic signals to system components
and checking for proper response, atilizing the Beta I Test Control Center

(TCC) panels,

The manual -controls checkout was initiated on 17 May 1967, and was completed
and certified as acceptable on 10 June 1967. Preliminary GSE equipment -setup
operations.were initiated to verify that the switches and valves were set up

properly for functiomal checks of the GSE valves and regulators.

Manual functional checks of the GSE valves and regulators followed the initial
equipment setup. This included control checks of the test stand console

solenoid and pneumatic valves, the nitrogen regulator controls, the skid valve
controls, the auxiliary pressurization controls, the helium regulator controls,

and the hydrogen regulator controls,

A stage setup and control helium system check preceded the stage valves control
check. The stage purge hand valves were verified to be closed, and the LH,

and LOX repressurization spheres were verified to be isolated per H&(CO 1B70422,
The control helium sphere was pressurized to 100 psig and a pressuie decaf check
was performed. The control helium shutoff valve was opened, the control

helium bottle fill valve was opened, and the control helium regulator discharge
pressure was verified to be stabilized at 500 psig at the test stand VMP and

at the TCC-vehicle supply panel.

The stage valves control check was accomplished by supplying signals manually
" from the Beta I TCC control panels to the stage valve controls in the speci-
fied sequence, and then verifying correct talkback. In additien, test stand
personnel verified stage valve actuation audibly or by touch. Starting at
the TCC mainstage propulsion manual control panel, the LHy and LOX chilldown
shutoff valves and the LH, and LOX prevalves were individually cycled and
verified. At the TCC LH, control panel, the LH; tank vent .and the £ill and
drain valves were cycled open and closed. The LH, tank vent boost close and

the fill and drain boost close were cycled. The LH, directional vent was
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4.1.18 (Continued)

cycled from flight to ground position. Using the TCC LOX control panel, the
LOX tank vent and the fill and drain valves were cycled open and closed. The
LOX tank vent boost close and the fill and drain boost close were cycled.

The cold helium shutoff wvalve was cycled copen and closed. Valves cycled érom
the TCC stage supply panel included the engine control bottle dump, the cold
helium bottle dump, the start tank dump, and the LOX and LH, repressurization

dump valves. The control helium bottle fill valve was then closed.

The stage valves control check was completed at the TCC repressurization
control panel by cycling the OpH, burner LOX and LH2 propellant valves, and
the LOX shutdown valve. ’

The final portion of the procedure consisted of the LH2 and LOX umbilical

purge interlock check, using the TCC LH, and LOX control panels.

The test was terminated by securing the test stand pneumatic systems, using

the Beta I TCC control panels and the test stand pneumatics consocles.
There were no FARR's attributed to stage controls resulting from this checkout.

Two revisions were recorded in the procedure dealing with stage controls
checks. Both corrected typographical errors as follows:
a. One revision noted that those paragraphs dealing with propellant tank

repressurization and gaseous nitrogen ejector control were not
applicable to the Saturn IB configuration.

b. One revision corrected the H&CO number and paragraph reference
required to functionally check the control helium shutoff valve
backup pressure switch.

4.1.19 Cryogenic Temperature Sensor Verification (1B63146 A)

This manual procedure verified the calibration and functional capabilities of
the cryogenic temperature sensors whose normal operating range did not include
room ambient temperatures. Thé cryogenic temperature sensors, basically
platinum resistance elements, changed resistance with temperature according

to the Callendar-Van Dusen equation.



4.1.19 (Continued)

The checkout was conducted and accepted as satisfatfory on 17 May 1967. As
each cryogenic teﬁperature sensor was checked, the ambient temperature at
that time was measured and recorded. The procedure specified a resistance
value at 33°F and a sensitivity value (change in resistance for each degree
between 32°F and 100°F)., With these values and the measured ambient temper-
ature, the expected ambient resistance was calculated for each sensor. The
actual ambient resistance measured was then compared to the calculated
resistance with an allowable tolerance of 15 percent or +7 percent depending
on the sensor part number. After the resistance of each sensdf wés measured,
correct sensor wiring (continuity) was verified by connecting a jumper wire on
the adapter cable, P/N 1B65095-1, and verifying that the sensor element for
each transducer was shorted out to a resistance measurement of 5 chms or less.
All measurements for sensor element resistance and sensor wiring -continuity

were within tolerance as itemized in Test Data Table 4.1.19.1.
No discrepancies were documented as a result of this checkout. There was one
revision recorded in the procedure deleting an adapter cable from the test

equipment list, as it was not required for the checkout.

" 4.1,19.1 Test Data Table, Cryogenic Temperature Senser Verification

Element Resistance Wiring Cont
Meas Sensor {ohms) {5 ohms Max Limit)
' No B/N S/N Ref Loc Meas Limits Meas

CO 003 1B34473-1 306  403MT686 5310 5101-5867
GO 004 1B34473-501 297  403MT687 1554 1460-1612
CO 005 1A67863-503 908  405MT612 552  521-575
CO 008 1A67863-507 1050  403MT652 1560 1439-1611
CO 009 1A67863-535 775  403MI653 224 209-229
CO 015 1A67863-509 1084  410MT603 1560 1445-1597
CO 040 1A67862-305 563  406MT613 1530 1439-1589
CO 052 1A67862-513 303  408MT612 5500 4998-5750
CO 133 NA5-27215T5 11797  4013MIT17 1410 1309-1445
CO 134 WA5-27215T5 11623  4013MIT16 1400 1309-1445
CO 157 1A67863-537 1095 404MT685 5360 5101-5867
CO 159 1A67863-519 1118  424MT610 224  209-229
CO 161 1A67863-537 878  424MT733 5300 5101-5867
CO 163 1A67863-519 1117  424MT613 222 209-229
CO 207 1A67863-503 854  425MT600 555  515-569
CO 208 1A67863-503 851  405MT605 556  521-575
CO 254 1B37878-503 1298  409MT652 1540 1430-1580
CO 255 1B37878-503 658  409MTI653 1573 1445-1597

ORI O OO O
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4.1.20 Hydraulic System Setup and Operation (1B41005 B)

The purpose of this manual procedure was to ensure that the hydraulic system
was correctly flushed, filled, bled, and maintained free of contamination
during prefire test stand hydraulic system operation., The hydrauiic 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 engine operational clearance in the aft

skirt was established.
The test was Initiated on 17 May 1967, and was completed on 12 June 1967.

Proper operation of the auxiliary hydrauliec pump, P/N 1A66241-509, S/N X454673,
the main hydraulic actuator assemblies, P/N 1A66248-505-011, S/N's 56 and 57,
and the accumulator/reservoir assembly, P/N 1B23319-519, S5/N 16, were verified
by this checkout. ’

Prior to operation of the stage hydraulic system, the Model DSV-4B-358 hydraulic
pumping unit (HPU), P/N 1A67443-1, was checked to ensure that the hydraulic
fluid met the cleanliness requirements. The HPU was connected to the stage
via the pressure and return hoses, and hydraulic fluid was circulated through
the stage system to ensure that the system was properly filled. Hydféulih

fluid samples were taken and certified to be free of contamination.

The accumulator/reservoir was charged with gaseous nitrogen and the stage air
bottles were charged to a pressure of 475 £50 psig. The HPU was turned on and
the hydraulic system pressure was increased to between 4000 psig and 4400 psig.

The stage hydraulic system was then checked for leaks.

Upon completion of the leak check, the hydraulic system pressure was decreased
to 1500 450 psig. The HPU bypass valve was opened, and the stage system pres—
sure was then reduced to 1000 +50 psig. The auxiliary hydraulic pump was,

turned on and verified to be operating properly.

With the midstroke locks installed on the hydraulie actuators, the vernier

scales were adjusted to indicate zero. The midstroke locks were removed -



4.1.20 (Continued)

and the hydraulic system pressutre 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 turned off and the midstroke locks were re-installed.

The engine deflection clearance, check was accomplished next. The gimbal control
unit, P/N 1B50915, was installed and set up, the J-2 engine bellows protective
covers were removed, and the platform extension, P/W 1B70629, was removed from
the engine area. The J-2 engine restrainer and the hydraulic actuator midstroke
locks were removed. After an inspection of the engine area for possible inter-
ference points, the HPU was turned on and the stage system pressure was brought
up to 1000 psig. The pitch and yaw controls on the gimbal control unit were
turned in the retract and extend directions, and it was verified that the pitch
and yaw actuators responded to the commands. The pitch and yaw "controls were
centered, centeriné the actuators, and the HPU was turned off. The midstroke

locks and the J-2 engine bellows protective covers were re-installed.

The verification and setup of the stdge and test control center hydraulic sys-
tem instrumentation was started by turning on the HPU and adjusting the pressure
compensator until the system hydraulic pressure gauge indicated the desired

pressure indications.

Preparations for the engine gimbal test were initiated by removing the midstroke
locks and the J-2 engine bellows protective covers. The engine area was veri-
fied to be clear for gimbaling. The HPU was turned on and the.system pressure
was established at 3650 psig. Various signals of predetermined input values
were applied to the pitch and yaw actuators by the computer and the resultant
voltages were noted and recorded in the Test Data Table. Upon completion of

the gimbal test, the HPU was turned off, the midstroke locks were re-installed,

and the engine protective covers were re-installed.

" The shutdown sequence of this checkout included a final air content test,
which provided information necessary for system analysis by discharging a
portion of the internal system fluid volume overboard. The volume discharged
was determined to be a function of fluid thermal expansion under ground

operating conditions (0°F to 160°F) at ambient temperature. The HPU was
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turned on and the system pressure was increased to 3650 +50 psig, the bypass
valve was opened, and the HPU was turned off. Verification was made that the
return pressire gauge indicated a minimum of 200 psig. The shutoff valve was
cycled opern and closed until the return pressure was reduced to 180 5 psig.

An empty 100 milliliter graduate was placed under the drain port and by cycling
the reservoir drain valve open and closed, the return pressure was decreased

to 80 ¥5 psig. The 11 milliliter wvolume of fluid bled off was less than the

16 milliliter maximum, as specified per design requirements. The reservoir

oil temperature was measured at 84.7°F:

A check to determine the pressure decay of the stage air bottles was conducted
next, The air bottles were verified to be charged to 470 psia, well within
thé 475 450 psia limits, and the pressure and range time were recorded. After
a lapsé of 24 hours, the bottle pressure was remeasured and recorded as 440

psia, well within the allowable limits.

It was noted in the Engineering Comments that revision 1 was performed without
discreparcies and that the hydraulic system was configurated the same as when
the function generator failed, except that the actuator locks were ipstalled.
It was furfher noted that the function generator problem appeared to be the
use of underrated fuses, Fuses of 1/8 amp were installed and the problem was
eliminated. Notation was also made that the reservoir oil level switch
problem was caused by an improperly configurated cable, which was replaced;

thiis éliminating the problem:

There were no FARR's generated during the operation of this procedure; however,

there were nine revisions written against the procedure for the following:

a: One revision set up the HPU and performed a special test to trouble-
shoot the function generator, and attempt to determine when the fuses
were overloaded.

b., One revision reran a portion of the instrumentation support section
to obtain the correct feedback voltages for the pitch and yaw
ackuator positions.

¢: One revision cycled the HPU to verify proper operation of the
reservoir oil level low switch.

d. One revision reran the shutdown portion of the procedure in order to
secure the system after troubleshooting the function generator problems.
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e. One revision charged the hydraulic accumulator for use in the DDAS
- automatic’ procedure, and also charged the stage air bottle after it
had been re-installed subsequent to serial number verification.

f. One revision reperformed the engine clearance check subsequent to
-repositioning of a major hardwire cable,

.- . g. One revision deleted the requirement to record transducer serial
numbers for measurement numbers €203, C204, D209, D575, D223, and
D565, as they were not installed on the stage.

h. One revision rechecked the engine restrainer side loads after the
restrainer jam nut had been retightened to the proper torque value,

i. One revision deleted the instrumentation setup, for the hydraulic
system automatic because it was not required for this stage.

4,1.20.1 "Test Data Table, Hydraulic System Setup and Operation

Instrumentation Actual ~ Requirement
Test Description Name +  Location : (in.) {in.)
Actuator Position Pitch Vernier Pitch Actuator 0
SYSFem Unpress. Yaw Vernier Yaw Actuator 0
Actuator Position Pitch Vernier Piteh Actuator o Ref. Only
System Press. Yaw Vernier Yaw Actuator 0 Ref. Only
: - Instrumentation Voltage
Test Description Name Location Position {vdc)
Instrumentation Pitch Actuator TCC o0° 2.546
Support Position . +1° 2.207
. +2° 1.868
+1° 2.208
: : 0°® 2.541
Pitch . Actuator TCC 0° 2.541
Position -1° 2.874
-2°- 3.208
-1° 2.877
0° 7 2,544
Yaw Actuator TCC - 0° 2,479
Position . . +1° 2.840
+2° 3.186
+1° .7 2.831
. . 0° 2,484
Yaw Actuator TCC 0° 2.484
Position : ~1° 2:-139
-2° 1.800
-1° 2.149

0° 2.496
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4.1,21 Preliminary Propulsion Leak and Functional Check (1B71877 New)

This checkout precedure dgfined the operations required to certify the integrity
of the stage propulsion system preliminary to static firing. All portions per-

taining te SV stages and postfire operations were deleted.

The prefire test sequences performed during this checkout, initiated on 18 May

1967 and completed om 2 June 1967, consisted of the following system checkouts.

The calip pressure switch éystem leak checks, initiated and completed omn 20 May
1967, performed a decay and leak check of the mainstage pressure switch diaphragms
by pressurizing the system, through the J-2 customer connect panel, to 400

+10 psig, isolating the mainstage switches from the supply source, and monitoring
the pressure decay for 15 minutes. The mainstage pressure switch checkout cir-
cuit was pressurized to 515 +l0 psia and monitored for 5 minutes for pressure
decay. Both checks were satisfactorily completed and the data appears in Test

Data Table 4.1,21.1.

The stage integrity checks performed pickup and dropout tests on the cgntrol
helium regﬁlator discharge pressure switch, P/N 7851830-521, S/N 122, and the
cold helium regulator backup pressure switch, P/N 7851830-517, S/N 111. During
the pressure switch checks, audible leak checks were conducted on -the cold and
ambient helium systems. Audible leak checks were performed on the engine spheres
by pressurizing the engine control bottle to 350 +0,'-5O psig; and-the start tank
to 250 +50 psig. Audible leak checks of the LOX and LH2

with 5 psig of pressure indicated in the LOX tank, and 3 psig of pressure indi-

tanks were accomplished

cated in the LH2 tank. After the conclusion of the above audible leak checks,
stage integrity tests were initiated by pressurizing the control helium bottle
to 3100 +100 psig, the start tank to 800 +25 psig, the cold helium spheres to
2275 +50 psia, and the engine control bottle to 2250 50 psig. These pressures
were held for 5 minutes. For a check of the LOX vent and relief valve,

P/N 1A48312-505, 8/N 14, and the LH2 vent and relief valve, P/N 14A48257-509,
S/N 47, the LOX and LH2 tanks were pressurized to relief pressure and the vent
valves were allowed to perform three relief cycles. The stage integrity checks

were satisfactorily completed.
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_The amblent helium systenm leak and flow checks were:

a. The stage purge system oriflce flow verification and system 1eak
checks of the LOX ullage sense line, LOX vent pilot chambér, LH»
and LOX fill and drain microswitch housing, LHy chilldown. shutoff.
valve microswitch purge and nonpropulsive vent valve duct. -

b. The pneumatic power control module, P/N 1A58345-513, S/ﬁ 1040,
internal leakage check consisted of a control helium shutoff valve

seat leakage check and a pneumatic power control module regulator
. lockup test.

¢. The control helium system leak and functional check consisted of an
ambient helium system leak check and an actuation control module
intérnal leakage check. This system was verified with thrée leakage
conditions. One leak was repaired by retightening to the proper
torque value, and the other two were determined to be within allow-
able limits by the cognizant propulsion engineer with the approval ’
of NASA/MSFC resident quality control.

d. The pneumatic contrxol system lockup verified the .control helium lockup
with the valves in a normal position, and with the prevalves and
chilldown shutoff valves closed, the vent valves open, and the LOX
chilldown pump purge.on. -

The ambient helium system leak and flow checks were satisfactorily'completed.

. ¢ -

‘The engine start system leak and functional section performed a drying-proce-
dure of the start tank vent valve actuator, a seat leakage check of the §tart
tank control solenoid valv?,_a reverse leakage Fheck of the start tank fill
check valve, and leakage checks of the GH2 start system. " Start bottle retention
_tests were conducted to measure the start bottle decay by calculatlng the pound-
mass/hour loss. _All tests of the engine start system sere\satlsfactorlly

-

completed.

The thrust chamber leak checks performed a leak check of the ignition detector
probe and the LOX déme purge line from the purge port on the LOX dome to the
GSE purge check valve. The majority of the thrust chamber leak checks were

performed during propulsion leak checks at the VCL per H&CO 1B70773.

The.LOX pressurization system leak and functional check performed an internagl
leak and. functional check of the LOX pressurization module, P/N 1B42290-503,
S/N 0025, and leak checks of the LOX pressurization system and the cold helium

system. Three leaks were observed during the cold helium system leak check,
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4.1.21 (Continued)

between the main and auxiliary tunnel manifolds to the‘spheres. These leaks
were associated with transducer plumbing and were repaﬁred by replacing unions
and retightening connections to the proper torque value. This section was
rerun to reflect data for subsequent replacement of the LOX pressurization
module, P/N 1B42290-503, S/N¥ 0025, with P/N 1B42290-503, S/N 0037, per

revision six.

The LOX tank and engine feed system leak checks performed internél leak checks
of the engine feed system, which included the LOX prevalve, P/N 1A49968-509,
S/N 101, the LOX chilldown shutoff valve, P/N 1A49965-521, S/N 0503; and the
10X chilldown return check valve, P/N 1A49964~501, S$/N 259, and accomplished
the engine LOX bleed valve and engine main oxidizer valve seat leakage checks.

Also performed were the LOX tank and engine feed system leak checks; the LOX

" turbo pump torque checks; the leakage and purge flow checks of the LOX chilldown

pump, P/N 1A49423-507-011, S/N 1761, the pump purge control module, P/N 1A58347
-505, S/N 54, and the pump purge dump valve, P/N 1A67913~1, "S/N 18; the LOX boil-
off valve flow check; the LOX p?evalve check: a seat leakage check of the LOX
£ill and drain valve, P/N 1A48240-505, S8/N 0i07; a gseal leakage check at the

main fill and replenish valve; and a LOX umbilical leak check. The LOX tank and

engine feed systems were satisfactorily completed without leak conditioms.

The LH2 tank and eﬁgine feed Systém 1ea? Eheck performe@ internal-leag checks
of the engine feed system, which included the LH2 chilldown return check wvalve,
P/N 1A49964-1, S/N 270; accomplished the seat leakage checks at the LH2 prevalve,
P/N 1A49968-507, S/N 120, and LH2 chilldown shutoff wvalve, P/N 1A49965-519,

S/N 0302; and performed the seat leakage checks of the engine LH2 bleed valve
and main fuel valve. The LH2 turbo pump torque checks, the LH2 valves leakage
check, a seat leakage check of the LH2 fill and drain valve, P/N 1A48240-505,

S/N 33, the LH2 umbilical-leak check, and the main f£ill and replenish, valve
seat leakage check were also performed. The LH2 tank and engine feed system
leak checks located two leaks at the inlet and ogtlet seals of the LH2 vent and
relief valve, P/N 1A48257-509, S/N 0047, which were repaired by séal replace-

ment. The LH2 tank and engine feed systems were satisfactorily completed.’
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The engine gas generator (GG) and exhaust system leak and flow checks performed
engine seal leakage checks which. included a- reverse leakage check of the GG
fuel purge check valve, an LH2 and LOX turbine seal cavity bleed flow check,

a start tank discharge valve gate seal leakage check, a leak check of the GG
and exhaust system, and a GG LOX and LH2 propellant valves seat leakage check.
The engine GG and exhaust system leak and flow checks were satisfadtorily

completed.

The engine pneumatics leak and flow checks performed were:

a. The engine solenoid energized leak chécks, which included:

1. A leak check of the helium control solenoid circuit and pneumatic
package. "o

2, LOX pump intermediate seal leakage checks in the pump direction
and turbine direction; also a flow check on the cracking check
valve overboard flow.

3. A leak check from the main LOX wvalve sequence valve- discharge.

b. The pressure actuated purge system leak check, which performed a seat
leakage check of the pressure actuated purge valve inlet and vent,
and a pressure actuated purge circuit leak check.

c. The engine control bottle fill system leak check, which performed a
leak check of the engine control bottle and the fill line to the
pneumatic package high pressure relief valve.

d. The engine control bottle retention tests, which measured the control
bottle pressure decay by calculating the pound-mass/hour loss.

All tests of the engine pneuratics system were satisfactorily completed.

The LOX and-LH2 vent system leak and flow checks performed leak and flow checks

of the LOX and LH2 vent sysfems, including a leak check of the nonpropulsive

vent ducting and the LH, vent and relief ducting, and a directional vent valve

2
flight position intermal leak check. A ground vent system leak check included

internal leakage checks of the LH, vent and relief valve, a directional vent

2 .
ground position and actuator piston leak check, and ground vent system leak

checks., The parts involved were the LOX tank vent and relief valve, P/N 1A48312
~-505, S§/N 0014, the LOX tank relief valve, P/N 1A49590-515, S/N 547, the
bi-directional vent valve, P/N 1A49988—1,‘S/N 0017, and the LH, tank vent and

2

relief valve, P/N 1A49591-527, S/N 142. All tests of the LOX and LH2 vent system
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were satisfactorily completed, -with two leak conditions noted at the-@Hz.
nondirectional vent adapter, P/N 1B60060-501, at the quadrant II and IV con-—
nections. Both leak conditions were recapped to IIS 196296 for corrective

action.

Twelve leakage conditions weré described in the leak check log, indluding

three that were associated with GSE and facility interface systems. Seven
leakage conditions were resolved by retightening to the proper torque véiﬁe,

or by the replacement of seals and unions with subsequent tightening to the
proper torque value. Two leakage conditions, at the inlet fittings of the

LOX prevalve, P/N 1A49968-509, S/N 101, and the LH2 prevalve, P/N 1A49968-507,
S/N 120, were determined to be within the 20 scem allowable leakage per 1A49968.

One FARR was written during the operation of this test procedure.

FARR A251541 removed the LOX tank pressurization control module, P/N 1B42290-503,
S/N 0025, and replaced it with another module, P/N 1B42290-503, 8/N 0037. The
reason for replacement was an excessive leakage of 2500 scim through the cold

helium shutoff valve. The maximum allowable leakage was 375 scim.

Twenty-eight revisions were written against this test procedure, with one of

.these voided. The revisions incorporated were:

a. Two revisions deleted sections of this procedure that were performed
.at the VCL during H&CO 1B70773.

b. One revision instructed propu131on engineering to transcribe data
from the VCL preliminary leak check procedure, H&CO 1r70773.

¢c. One revision deleted one of the TV channel requirements during the
stage integrity checkout due to inoperative equipment. °

d. One revision disabled the start tank vent valve to prevent dumping
while personnel were working in the area.

e. Two revisions reinstated steps that were deleted by revision 1 in
"a" above. One was required as a result of replacing the LCX tank
pressure control modulée, P/N 1B42290-503, S/N 0025, with P/N 1B42290
~503, §/N 0037, and the others were required to rerun steps for
systems troubleshooting.

f. Six revisions were incorporated to leak check hardware which was
replaced subsequent to the system leak checks.
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g. Eight revisions corrected and added procedural requirements that
were in error or missing.

h. One revision temporarily returned equipment to the precheckout

configuration in order to perform the propulsion automatic procedure,
H&CO 1B62762 E.

i. One revision authorized the accomplishment of 10 engine sequences
per the propulsiocn automatic procedure, H&CO 1B62762 E, to satisfy
Rocketdyne Engineering Field Inspection Report 15.

j+ Three revisions added steps to acquire engineering data for the true
engine pump purge pressure and the LH7 chilldown fairing purge flow.

k. One revision removed a test plate and blanking flange that were
installed on the LOX pressurization line during the VCL checkout.
The plate and flange should not be installed for the stage integrity
checks. T

There wefe no missing or substitute parts, and no modifications or E0's were
pending that would void any porticn of this test. All sections deleted from
H&CO 1B70773 were performed during this test procedure, therefore, no sub-~
sequent testing was contemplated. The propulsion systems leak énd functiocnal

checks were acceptable to Engineering, and this test procedure was signed off

on 2 June 1967.

4.1.21.1 Test Data Table, Preliminary Leak and Functional Check

Engine Mainstage Pressure Switch Check

Function Measurement Limits
Diaphragm Decay in 15 Minutes (psi) 2.0 10.0 max
Checkout Circuit Decay in 5 Minutes (psi) 1.0 5.0 max

Helium Pressure Switeh Checks

Function Run 1 Run 2 Run 3 Limits

Control He Regulator Discharge PS

Pickup Pressure (psia) 588.0 586.0 586.0 600.0 £21.0

Dropout Pressure (psia) 488.0 486.0 486.0  490.0 £31.0
Cold He Regulator Backup PS

Pickup Pressure (psia) . 456,68 456.68 456,68 444.0 to 491.0

Dropout Pressure (psia) 356.68 356.68 356.68 329.0 to 376.0
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Vent and Relief Valve Checks

Module Regulator Lockup Pressure (psig)

Control Helium Lockup Checks

Function Cycle 1 Cycle 2 Cycle 3
LOX V&R Valve Relief Press (psia) 43,125 43.125 43.125
LHs V&R Valve Relief Press (psia) 37.50 37.50 37.50
Purge System Checks
Function Measurement
LOX Tank Purge Flows
-Ullage Sense Line (scim) 250.0
Fill & Drain Valve Microswitch Housing (scim) 2.5
EEZ Tank Purge Flows
Fill & Drain Valve Microswitch Housing (scim) 1.8
Chilldown Shutoff Valve Microswitch (scim) 6500.0
Nonpropulsive Vent Duct (scim) 200.0
Pneumatic Power Control Module Checks
Function Measurement
Control He. Shutcff Valve Seat Leakage (scim) 0.0
543.0

Limits

41,0 to 44.0
36.0 to 39.0

.5 1200
6500,
432,0 *245.0

w

Limits

ld:O max
550.0 max

Lockup Pressure (psig)

Valve Conditions Initial After 30 Minutes
Valves in Normal Position 544.0 537.0
Prevalves & C/D Shutoff Valves Closed, Vent
Valves Open, LOX C/D Pump Purge On 540.0 500.0
Engine Start Tank Checks
Function Measurement Limits
Vent Control Solenoid Seat Leakage (scim) 0.0 10.0 max
Fill Check Valve Reverse Leakage (scim) 0.0 2.0 max
Tank Decay (Delta M = 0.0134 (lb-mass/hour) 0.00438 0.0066 max
LOX Tank Pressurization Control Module Checks
* Function Measurement Limits
Cold He S0V Seat & Pilot Valve Leakage (scim) 0.0 375.0 max
Hot Gas Bypass Valve Seat & Pilot Valve Leak (scim) 13.5 . 1000.0 max
LOX Tank Helium Content (%) 99,0 75.0 min
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LOX=ank and Engine-Feed System Checks

(Continued)

Function Measurenent Limits

Total Leakage, (Prevalve, C/D Shutoff Valve, and

C/D Return Check Valve Reverse Leak) (scim) 48.0 %
C/D. Return Check Valve Reverse Leakage (scim) 5.0 350.0 max
Prevalve & C/D Shutoff Valve Combined Seat .

Leak (scim) 43.0 ®
Bleed Valve & C/D Return Check Valve Rev

Leak (scim) 5.0 *
Bleed Valve Seat Leakage (scim) c.0 *.
Main Oxidizer Valve Seat Leakage (scim) 0.0 *
Oxidizer Pump Speed Pickup Seal Bleed (scim) 0.0 350.0 max

LCX Turbo Pump
Primary Seal Leakage (scim) 4,0 to 4.5  350.0 max
Turbine Breakaway Torque (in.-I1b) 08.0 1000.0 max
Turbine Running Torque (in.-1b) 81.0 200.0 max

Chilldown Pump Purge Module
Purge Shutoff Valve Solenoid Valve Leakage (scim) 0.0 1.0 max
Pump Purge Flow (scim) 40.0 33.0 to 49.0

Chilldown Pump Purge Dump Valve
Solenoid Valve Seat ieakage (scim) 0.0 0.0 max

Chilldown Pump Shaft Seal
Leakage, Tank Pressurizéd, Pump Purge On (scim) 3.7 50.0 max
Leakage in Pump Direction (LOX Tank Side) (scim) 0.0 *
Leakage in Tank Direction (Motor Container Side)

(scim) 3.7 *

Fill and Drain Valve
Seat Leakage (scim) 0.0 18.0 max
LH, Tank and Engine Feed System Checks

Function Measurement Limits

C/D Return Check Valve Reverse Leakage (scim) ¢.0 350.0 max
Prevalve & C/D Shutoff Valve Combined Seat

Leak (scim) . 0.0 150,0 max
Bleed Valve & C/D Return Check Valve Rev .

Leak (scim) 0.0 *
‘Bleed Valve Seat Leakage (scim) 0.0 300.0 max
Main Oxid & Fuel Valves Combined Seat Leak {scim) 0.0 %
Main Fuel Valve Seat Leakage (scim) 0.0 10.0 max

% Limits Not Specified
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Funection Meagsurement
LEQ Turbo Pump
Speed Monitor Seal Bleed (scim) 0.0
Primary Seal Leakage (scim) 0.0
Turbine Seal Leakage (scim) 2050.0
Turbine Breakaway Torgue {in.-1b) 20.0
Turbine Running Torgue (in.-1b) 20.0
LEQ Prevalve
Shafﬁ Seat Leakage, Open Position (scim) 0.0
Shaft Seat Leakage, Closed Position (scim) 0.0
Fill and Drain Valve
Seat Leakage (scim) 0.0
. Main Fill and Replenish Valve
Combined Main Fill, Replenish, & F&D Seat Leak
{scim) 0.0
Main Fill & Replenish Valve Seat Leakage (scim) 0.0
Engine Gas Generator Checks
Function Measurement
LOX Propellant Valve Seat Leakage (scim) 0.0
Combined LOX & LHy Prop Valves Seat Leak (scim) 0.0
LHp Propellant Valve Seat Leakage (scim) 0.0
Engine Pneumatics Checks
Function Measurement
Engine Low Pressure Relief Valve
Seat Leakage (scim) 0.0
Pilot Bleed Leakage (scim) 0.5
LOX Pump Intermediate Seal
Seal Leakage, Pump Direction (scim) 25.0
Seal Leakage, Turbine Direction (scim) 160.0
Seal Leakage, Total (scim) 185.0
Purge Check Valve Overboard Flow (scim) 3500.0
Purge Flow (scim) 3685.0

% Limits Not Specified

Limitg

0.0 max

+ 350.0 max

3000.0 max
1000.0
300.0

110.0 max
10.0 max -

- 18.0 max

Limits

1.0 max
%

o

Limits

5.0 max
10.0 max

%
r *

850.0 max
=L

2600.0 to 7000.0
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Function Measurement Limits

Pregsure Actuated Purge Valve

Vent Seat Leakage (scim) 0.0 10.0 max
Inlet Seat Leakage (Scim) 0.0 10.0 max
Engine Control Bottle
Decay (lb-mass/hour) 0.0 0.036 max
LOX and LH2 Vent System Checks
Function Measurement Limits
LOX Relief Valve and Vent & Relief Valve’
Combined Seat and Pilot Bleed Leakage (scim) 100.0 100.0 max
Combined Seat, Pilot Bleed, & Boost Piston
Seal Leak {(scim) 130.0 %
V&R Valve Boost Piston Seal Leakage (scim) 30.0 2420.0 max
LH, Relief Valve and Vent & Relief Valve
Combined Seat and Pilot Bleed Leakage (scim) 10.5 150.0 max
Combined Seat, Pilot Bleed, & Boost Piston
Seal Leak (scim) . 270.0 %
V&R Valve Boost Piston Seal Leakage (scim) 259.5 1728.0 max
Bi-Directional Vent Valve
Flight Position Seat Leakage (scim) 0.0 50.0 max
Ground Position Seat Leakage {scim) 0.0 50.0 max
Flight Position Actuator Piston Leakage
(scim) 0.0 3.0 max
Ground Position Actuator Piston Leakage
(scim) 0.0 3.0 max

* Limits Not Specified



4.1.22 Power Distribution System (1B59498 D)

Automatic checkout of the stage power distribution system during'prefire
operations verified the capability of the GSE to control power switching
to and within the stage, and determined that initial static Iocads within
the stage were not excessive. The procedure verified that particular stage
relays were energized or de—energized, as required, and that bi-level talk—
back indications were received at the GSE. Static loading of the various
stage systems was determined by automatic measuring of the GSE supply cur-

rent before and after turn-on of each system.

The power distribution system was successfully tested on 18 May 1967, and
was accepted on 24 May 1967. The test was initiated by the performance of
an automatic stage power setup, which established initial conditions, and
then proceeded to a verification of the power supply and stage bus opera—
tion. This was accomplished by measurements of the stage component bus
voltages, plus measurements of the forward and aft power supply current
differentials with the power turned on and then turned off to each individ-
ual stage compomnent bus. Measured values recorded during the test are

shown in Test Data Table 4.1.22.1.

Starting with the engine control bus power turn-on, the current differential
for the aft bus 1 power supply was measured. The engine control bus voltage,
M6, was measured and determined to be within tolerance. The APS bus power
was turned on, and again the current differential for the aft bus 1 power
supply was measured. This operation was ;epeated for the engine ignition
bus, measuring the aft bus 1 power supply current differential and the
engine ignition bus.voltage, M7. The engine ignition bus power and the APS

bus power were then turned off and verified to be off.

The engine safety cutof% system (ESCS) power was turned on, and the aft bus 1
power supply current was measured. The component test power was turned on,
and the aft bus 1 power supply current differential and the component test
power voltage were measured. The component test powér was turned off and

verified by voltage measurements. The ESCS power was then turned off.
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Checking the emergency detection systems (EDS), verification was made that the
EDS 2 engine cutoff signal turned off the engine control bus power and pre-
vented it from being turned back on, and also turped on the instrument uvnit (IU)
range safety 1 EBW firing unit arm and engine cutoff signal. The engine control
bus voltage was measured during this check, and again after the clieck with the
bus turned back on. Verification was made that the EDS 1 engine cutoff signal
turned on the nonprogrammed engine cuteff signal and‘the AQ multiplexer engine
cutoff signal indication (K13). With the EDS 1 engine cutoff system turned

off, the engine ready bypass on switch turned off the nonprogrammed engine

cutoff signal and the AO multiplexer engine cutoff signal indication.

The propellént point level sensor test was started by turning on the propellant
level sensor power and measuring the resulting current differential for the

forward bus 1 power supply. Next, each of the four LH, tank and four LOX tank

point level sensors was verified to respond to simulatid wet condition on com—
mands within the allowable 300 milliseconds tolerance. A series of checks
verified that a dry condition indication from any two point level sensors in
either tank, obtained by simulated wet conditiqn_off commands, resulted in the
required engine cutoff signal. For the dry condition of LOX tank point level
sensors 1 and 2, the LOX depletion engine cutoff timer value was measured to
determine the engine cutoff signal delay time, FEach of the point level sensors
was verified to respond to simulated wet condition off commands within the

éllowable 300 milliseconds tolerance. This completed the point level sensor

testing.,

Verification was made that the engine cutoff command turned on the A0 multiplexer
engine cutoff signal indication (K13), the engine cutoff command indication
(K140), and the engine cutoff. It was also verified that the nonprogrammed
engine cutoff indication was not turned on by the engine cutoff command., With
the engine cutoff command turned off, K140 was verified to be off while K13 and

the engine cutoff remained on until turned off by the engine ready bypass.

The propellant utilization (PU) inverter and electronics power supply current
was measured while power was momentarily turned on. The PCM RF assembly power
was turned on, the RF group was verified to be on, the power supply differential

current was measured, and the PCM RF transmitter output wattage was measured
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through the A0 and BO multiplexers. With the telemetry RF silence command
turned on, the RF group was verified to be off, the PCM RF transmitter outpﬁt
wattage was measured through the AQO multiplexer, and the switch selector outpﬁr
monitor voltage (Ki128) was measured Wlth the PCM RF assembly power and the
switch selector read commands 1 and 2 turned on. With the telemetry RF silence
command turned orf, the RF group was verified to be on, and the PCM RF trans-—

mitter output wattage was again measured through the A0 multiplexer.

The rate gyro vboltages were manually verified to be 28.0 +2.0 vdc with the gyro
power turned on, and 0.0 2.0 r&c with the gyro power tiurned off. Power was
turned on to the environmental control group and the resultant forward power
supply current differential was measured. The aft bus 2 power supply was
verified to be w1th1n the 56.0 +4.0 vdc tolerance. The bus 4D141 56 volt supply
was turned on, and the aft bus 2 voltage and power supply current were measured.
The aft bus 2 power supply local sense indication was verified to be off, the

LH, and LOX chilldown pump simulators were turned on, and the respltant aft

2
bus 2 power supply current differentials were measured.

A series of automatic checks verified’the'operation of the external/internal
transfer system for forward buses 1 and 2, and aft buses 1 and 2, The battery
simulator voltages and the electrical support eqhipment load bank voltages were
measured initially, then the(power bus voltages were measured with the buses
transferred to internal. The bus local sense indications were then verified to
be off. The bus voltages were measured again with the buses transferred back

to external, and the battery simulator voltages were measured with the simulators
turned off. The aft bus 2 voltage was 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. TPower
was turned on to the range safety receivers after they were transfered to
external power, and the reeulting GSE power eupply current differentials were
measured. . The range safety EBW firing units were verified to be on when trans-
ferred to external power and momentarily turned on., This completed the power

distribution test.



4,1.22

{Continued)

Seventeen revisions were recorded in the procedure as follows:

2.

"b.

Eight revisions concerned correction of program errors.

One revision deleted the requirement for automatic lineprinter print-
out of the switeh selector accumulated test cycles. This had not been
incorporated into the automatic program. Accumulated switch selector
cycles were recorded manually on a daily basis.

One revision authorized a special electrical cable test setup for the
- required manual checkout of the rate gyro voltages, to substitute for

the breakout box, P/N 1A66386-1, which was not available at the time
- of this checkout.

One revision explained the out-of-tolerance forward 5 volt excitation
" module voltages measured during initial conditions scan. This problem
was described previously in the stage power setup (1B59496), paragraph
4.1.15. BRoth procedures referred to FARR A251516, also discussed in
paragraph 4.1.15. ’

One revision corrected a program error for the tolerance on the APS bus
power current. This error resulted in a2 malfunction indication prior
to correction. )

One revision recorded the results of an investigation of a malfunction
indication. The aft bus 1 local sense indication was mot off as -
required due to a loose wire termination in the Model DSV-4B-133 signal
distribution unit, P/¥ 1A59949-1. The wiring connection was corrected
and the program was satisfactorily resumed.

One revision authorized connection of the chilldown inverter simulators
to perform the chilldown inverter measurements test.

Cne revision deleted program requirements for the chilldown inverter
measurements test, as the inverter load simulators were not modified
for the stage prefire checkout.

One revision authorized a manual test of the chilldown inverter measure-—
ments after modification of the load simulators. This was accomplished
on 2 June 1967, and the measurements recorded are listed in the Test
Data Table.

One revision indicated that the LHp chilldown inverter frequencies
measured for phase B to C and Bl to Cl were twice the normal expected
values, because the frequency counter sometimes picked up the one-half
frequency spikes in the peaks of the quasi-square wave generated by
the 1H9 chilldown inverter, thereby giving a reading exactly twice the
correct frequency.

There were no part shortages affecting the test, nor were any FARR's generated

during this test.

81



.82

4,1,22.1 Test Data Table, Power Distribution System

Function

Engine Control Bus Current (amps)

Engine Control Bus Voltage (vdc)

APS Bus Curreant (amps)

Engine Ignition Bus Current (amps)

Fngine Ignition Bus Voltage, On (vdc)

Engine Ignition Bus Voltage, Off (vdc)

Component Test Power Current (amps)

Component Test Power Voltage (vdc)

Engine Control Bus Voltage, EDS 2 On (vdc)

Engine Control Bus Voltage, EDS 2 Off (vdc)

Propellant Level Sensor Power Current (amps)

10X Depletion Engine Cutoff Timer (sec)

PU Inverter & Electronics Power Current (amps)

PCM RF Assewbly Power Current (amps)

PCM RF Transmitter OQutput Power, AO (watts)

PCM RF Transmitter Output Power, BO (watts)

PCM RF Transmitter Output Power, AO, TM RF
Silence On (watts)

Switch Selector Output Monitor, K128 (vdc)

Switch Selector Output Monitor, Umb (vde)

PCM RF Transmitter Output Power, AO, TM RF
S8ilence Off (watts)

Environmental Control Group Power Current (amps)

Aft Bus 2 Current, Chilldown Pumps Off (amps)

Aft Bus 2 Voltage (vdc)

Aft Bus 2 Current, LOX C/D Pump On (amps)

Aft Bus 2 Current, LHo9 C/D Pump On (amps)

Forward Battery 1 Simulator Voltage (vdc)

Forward Battery 2 Simulator Voltage (vdc)

Aft Battery 1 Simulator Voltage (vdc)

Aft Battery 2 Simulator Voltage (vde)

Bus 4D20 ESE Load Bank (wdc)

Bus 4D40 ESE Load Bank (wvdc)

Bus 4D30 ESE Load Bank (vdc)

Bus 4D10 ESE Load Bank (wdc)

Forward Bus 1 Voltage, Internal (vdc)

Forward Bus 2 Voltage, Internal (vde)

Aft Bus 1 Voltage, Internal (vdc)

Aft Bus 1 Voltage, External (vdc)

Aft Battery 1 Voltage (wdc)

Aft Bus 2 Voltage, Internal (vde)

Aft Bus 2 Voltage, External (vde)

Aft Battery 2 Voltage (vdc)

Forward Rus 1 Voltage, External (vdc)

Forward Battery 1 Voltage (vdc)

Forward Bus 2 Voltage, External (wvdc)

Forward Battery 2 Voltage (vdc)

Aft Bus 2 Voltage, Pwr Supply Off (vdc)

Range Safety Receiver 1 External Power
Current (amps)

Range Safety Receiver 2 External Power
Current {amps)

Measurement

0.100 .
28,245
0.100
1.300
28.460
0.062
0.200
28.399
0.000
28,214
0.200
0.549
4.301
5.300
19.005
119.035

-0-.089
2.169
1.999

19.095
0.301
0.000

55.999

22.000

19.600

28.44

28.08

28,44

56.16
0.00
0.00
0.00
0.00

28.36

28.00

26.96

28.56
0.08

56.08

56.08
0.000

28.36
0.08

28.12
0.04
0.08

1.001
0.499

Limits
7 +2
28 42
2 42
0 %2
28 +2
0 +2
0 +2
28 +2
0 +2
28 +2
142
0.560 +0.025
342
4.5 +3.0
10 min.
10 min.

0
2 +1
2

10 min.
0 +2
5 max.

56 +4

22 +5

22 +5

28 +2
28 +2
28 +2

56 +4
0 +1
0 +1
0 +1
0 +1

28 +2

28 +2

28 +2

28 +2
0 +1

56 +4

56 44
0 +1

28 +2
0 +1

28 +2
0 +1
0 +1

0 +2



4.1.22,1 (Continued)

Manual Chilldown Inverter Checks

- - ) Measurements ;

Function ~ LOX Inv. LHp Iny. -7 Limits
Phase A B Voltage (vac) . 40.73 . 41.05 . *
Phase A C Voltage (vac) 40.99 41.21 *
Phase B G Voltage {(vac)- : ) 42.17 © 42,007 -
Phase Al Bl Voltage (vac) 40,67 41.03 e E
Phase Al Cl Voltage (vac) 40.87 ) 41.12 ° *
Phase BIL Cl Voltage (vac) - . 42.10 - 41,92 T %
Phase A B Frequency (Hz) 400.3 . 400.5 . 400 +4
Phase A C Frequency (Hz) 400.1 400.4 . T 7T 400 +4
Phase B C Frequency (Hz) 400.0 800.4%% . . . 400 t4
Phase Al Bl Frequency {(Hz) 399.9 400.2 400 +4
Phase Al Cl Frequency (Hz) . 3%9.8 . 400.1 .. . 400 +4
Phase Bl Cl Frequency (Hz) 399.7 800, 4%%* 400 +4
Aft Bus 2 Voltage (vdc) -7 56.3 56.3 ° I B
Aft Bus 2 Current (amps) 20.6 . 19.0 20 +5

*Limits not specified
#%Rafer to revision discussion, item j.

4. 1 23 Telemetry and Range Safety Antenna System Check (lB63147 D)

-Removal of the PCM RF assembly, P/N 1B52721, S/N 30, for rework from the —509
to,the -321 configuration, and subsequent reinstallation, reguired checkout
of the PCM RF assembly per this procedure. The test was conducted and accepted

on 18 May 1967. System hardware installed at the time of this test included:

x

Part Name . Reference Location . P/N . 8/N
PCM RF Assembly : 411A64A200 - 1B52721-521 ° <30
Bi-Directional Coupler 411A64A204 . 1A69214-503 158
Coaxial Switch 411A64A202 1A69213-1 ' 67
Power Divider 411A64A201 1469215-501 -. 37
Telemetry Antennas 411E200 & E201 1469206-501 52 & 53
Reflected Power Detector ) 411IMT7 44 1474776-501 . 2-0171
Forward Power Detector 411MT728 1A74776-503 2-0258
Dummy Load ) - 411A64A203 ¢ 1A84057-1 T 389
Directional Power Divider 411A97A56 1838999-1 . 24
Hybrid Power Divider 411A97A34" ) 1A74778-501 44

Rangée Safety Antennas -~ : 411E56 & E57 1469207-501 35 & 36

Stage. power was turned on for. the PCM transmitter test. A dummy, load, P/N
1A84057-1, S/N 389, was connected to the output of the transmitter, and power

was turned on to the PCM RF assembly. After allowing 3 minutes for transmitter
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4,1.23 (Continued)

warmup, & 5 vdc input signal was applied and the output frequency was measured
at 258.538 MHz. The frequenc§ measurément was then repeated after reversing
the polarity of the 5 wvdc input. This repeat measurement was recorded at
258.@65‘MH2. The PCM transmitter center frequency was calculated by averaging
the two measured freéuencies, and the carr&er deviation was calculatéd as one—
half of the differential between the two measured frequencies. The resultant
center frequency of 258.501 MHz and carrier deviation of 36.5 kﬂz ﬁe:g within
the allowable limits of 258.500 +0.026 MHz and 36.0 +3.0 kHz, respectively.

No other checks were required to requalify the PCM RF assembly and it was

accepted for use. ) ..

No problems were noted during this test and no FARR's were initiated. -One’
revision was recorded in the procedure deleting all tests:except the PCM

transmitter center frequency and carrier deviation checks.

4.1.24 Level Sensor and Control Unit Calibration (1B63148 ) .f L

This manual procedure provided the checks to verify that the control units
associated with the LOX and LHZ liquid level sensors, point level sensors, fast
£i11 sensors, and overfill sensors, were adjusted for an operating point within"
the limits of the capacitance change caused by a simulated wet“conditioﬁ of

the sensors.

The procedure was initially conducted on 19 May 1967; however, it was réissued
on 12 June 1967 to recalibrate the LOX point level 4 sensor and control unit.
The control unit adjﬁstment écrew seal was- discovered to be missing. "~ This
seal is normally installed after control unit adjustment. Breaking the §ea15

necessitated recalibration of the contré} unit. . ‘

Duringhfhe calibration test, the point level sensor manual checkoup asBembiyy'
P/N 1B50928-1, was connected between each confrol unit and its aésociated level
sensor, and the precision ‘capacitor, General Radio type 1422CD, was connected
in parallel with eaéh sensor. This provided capacitance changes to each control
unit to simulate wet conditions for calibration, and to determine the control
unit operating points. A voltmeter was then connected to the appropriate check-

out assembly test points to measure the control unit output voltage.



4.1.24 (Continued)

To establish the operating point for each of the sensor control units under
test, the precision capacitor was set to an appropriate éapacitance to simulate
a wet condition for the associated sensor. The required settings for the pre-

cision capacitor were 0.7.40.01 picofarads‘for all LH2 sensors eiqept the LHZ'

overfill sensor, which required 1.10 +0.02 picofarads, and 1.50 +0.02 picofarads

for all LOX sensors except the LOX overfill sensor, which required"2,10 ip;OZ
picofarads. After turning on power to éhe individual control unit, the control
unit potentiometer (Rl) was adjusted until activation of the control unit relay
was indicated by a change in output voltage from 0 +1 vdc to 28 +2 vde. The
capacitance of the precision‘capacitor was then decreased to obtain an output
voltage of 0 +1 vde, indicating relay deactivation, and again inecreased to .
obtain an output voltage of 28 +2 wvdc, indicating relay reactivation. The
deactivation and reactivation capacitance values were recorded as noted in

Test Data Table 4.1.24.1,

A series of checks then verified the operation of the control unit output relay
test function. With the associated sensor disconnected, each control unit
output relay was verified to be deactivated under both normal and test con-
ditions. With the sensors reconmected, the output relay for each control

unit was verified-to be deactivated under normal conditions and activated

under test conditions.

No problems were encountered during the test and no FARR's were initiated.
One revision recorded in the procedure deleted all sections of the reissue on
12 June 1967, except those portions involving the recalibration of LOX poéint

level sensor 4, as previously noted. As shown in the Test Data Table, the

LOX overfill measurements were out-of-tolerance, due to an operator error in
establishing the control unit operating point. This procedure was to be
reaccomplished following stage storage to establish the correct operating point

prior to stage shipment.
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Function
LHs Tank

Liq. Level L}
Liq. Level L2
Pt. Level 1
Pt. Level 2
Pt. Level 3
Pt. Level &
Fastfill
Overfill

LOX Tank

Liq. Level L4
Lig. Level L5
Pt. Level 1
Pt. Level 2
Pt. Level 3
Pt., Level 4
Fastfill
Overfill

% Measurements per
%% Part of LOX Mass

%%%  Part of LHy Mass
@ Out-of-tolerance

Sensor Control Unit Deact. Cap. React. Cap. +

P/N 1A68710 P/N 1468710 (pf) (pf) =

Ref. Loc. ~ Dash No. S/N Ref. Loc. Dash No. S/N Meas. Min. Meas. Max. P
408 %) ~
MT6 34 -1 Dé4 A61A217 =509 E2L 0.6666 0.5 (.6668 0.9 ‘5
MT635 -1 D66 A61AZ219 -509 E&40 0.6787 0.5 0.6807 0.9 |2
A2C] -507 D22 A92A25 -509 D58 0.6962 0.5 0.6981 0.9 g
A2C2 -507 D31~ A92A26 -509 D59 0.6960 0.5 0.6967 0.9 &
A2C3 =507 D32 A92A27 -~509 D29 0.6666 0.5 0.6683 0.9 |[»
A2C4 ~507 D45. AB1A20L -509 D89 0.6695 0.5 0.6707 0.9 &
A2C5 -1 D&Y A92A43 =509 D57 0.6820 0.5 0.6826 0.9 |&
#kR wE% Lt A92A24 ~509 D56 1.067 0.9 1.068 1.3 ¢
)

3

406 404 m
3

MT632 ~1 D53 AB3A221 -511 D74 1.435 1.3 1.436 1.7 |3
MT633 -1 D56 AG3A206 -511 D73 1.439 1.3 1.442 1.7 ¢
A2C1 -1 D44 A72A1 =511 D130 1.433 1.3 1,459 1.7 8
A2C2 -1 D49 A72A2 =511 E23 1.480 1.3 1.481 1.7 &
A2C3 -1 D60 AT2A3 ~511 D41 1.482 1.3 1.483 1.7 |§
A2C4 -1 D68 A63A239 -511.1 D105  1.454% 1.3  1.458% 1.7 2
A2C5 -1 D50 A72AS -511 D88 1.448 1.3  1.452 1.7 |3
* *& o AT244 =511 D9l 1.478@ 1.9 1.480@ 2.3 |©
g

=

o

12 June 1947 Recalibration B

Probe 406AL, P/N 1A48430-509, S/N D6 &

Probe 408AL, P/N 1A48431-505, S/N D6 n
measurements due to operator error (Refer to comment, previous page) ,g

=]

I~




4,1,25 Common Bulkhead Vacuum System (1B49286 G)

The purpose of .this manual checkout, initiated on 19 May 1967, was to ensure
that the common-bulkhead, P/N 1439309-501, was free of leakage conditions and
acceptable for propellant loading and static acceptance firing. The checkout

included the following activities.

The test stand vacuum system was isolated from the stage system, and the: test
stand system was setup for checkout. The vacuum pump was operated for 10
minutes, shut off, and after a 15 minute delay, the vacuum system pressure was
recorded. Periodically, at intervals of 1 hour, the pressure was monitored for

a pressure rise. No increase in pressure was noted over an 8 hour span.

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

and the purge supply and sample supply were verified to be closed. Verification
was made that measurement D545, the bulkhead pressure transducer, P/N 1B40242-
501, was installed and electrically connected to the monitoring strip charts

in the test control center.

It was verified that the common bulkhead quick-discommect assembly, P)N 1B41065,
was properly installed and engaged. Two sample bottles, P/N lB7l532—i, were
installed at positions 1 and 2 on the sample bottle rack and sealed intoc place.
The vacuum supply switch was turned on. After a time lapse of 10 minutes, the
evacuation supply switch was set to evacuate the bottles, and sample supply
switch number i 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 reopened. After 1 minute, sample supply
switch number 1 was closed, and the evacuation supply switch was set to evacuate
the bulkhead. Bulkhead pressure was monitored every hour for é hours, with no
pressure rise noted. Upon completion of the.é-hour check, the evacuation supply
switch was set to evacuate the bottles, and sample supply switch number 2 was
opened. After a lapsé of 5 minutes, sample supply switch number 2 was momen—
tarily closed while setting the evacuation supply switch to sample the bulkhead.

The sample supply switch, number 2, was then closed 1 minute later, and the
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4.1.25 (Continued)

evacuation supply switch was set to evacuate the bulkhead. The sample bottles,
number 1 and 2, were removed from the sample bottle rack and shipped to

Material Research and Production Methods (MR&PM) Engineering for amalysis,

After 96 hours of vacuum pumpdown, the vacuum supply switch was turned off,.

and the evacuation supply switch was set to evacuate the bottles. Then the
48-hour bulkhead decay check was started. The indicated bulkhead pressure

at the start was recorded as 0.5 psia. No decay in bulkhead pressure was noted.
During the decay check, setup was made for the atgon purge test. A'bottle of
100 percent pure argon was connected to the bulkhead GN2 supply line. The
bulkhead GN2 purge hand valve was opened, the evacuation supply switch was set
to evacuate the bulkhead, and the purge supply regulator was set to 2.5 psig.
The -argon purge was run until ambient bulkhead préssure was obtained. After
purge coﬁpletion 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 15.25 psia.. The LOX tank was pressurized to 30 +1 psia, and the
fuel tank to 25 +1 psia. This pressure was maintained for 12 hours, while the
bulkhead pressure was monitored. No increase in bulkhead pressure was noted,,
indicating that the bulkﬁéad was free from leakage. The propellant tanks were

vented to ambient and this checkout was certified as acceptable on 8 June 1967.

FARR A251439 was initiated during the bulkhead’ 96-hour vacuum pumpdown when
inspection revealed the bulkhead top: fitting, P/N 1B29959-1, to be plugged
with 1P20057 sealant. ~ The fitting was removed, cleaned out, and reinstalled
after ensﬁring that the bulkhead mating ports were clear. There were no other

significant problems and ro other FARR's were initiated during this test,

Seven revisions were recorded in the procedure. .

a. Two revisions authorized disassembly and inspection of common bulkhead
fittings for obstructions due to indications of blockage during
initial attempts for the bulkhead 96-hour vacuum pumpdown. Refer to
the previous discussion of FARR A251439. ) . )



4£.1.25 (Continued)

~b.,-Two revisions provided imstructions for securing the common bulkhead
argon purge for weekend and hollday shutdowns.

c. .One revision deleted the 24-hour requirement for® securing the argon
‘ "purge of the common bulkhead because the ambient bulkhead pressure
objective had been obtained.

d. - One revision deleted the recording of "stop" data in Table I11, based
.. on verlflcatlon of data in previous steps of the procedure.

e. One revlslon corrected a procedure error.

1

4,1,26_ Propellant Utilization System Calibration (1B63373 C)

5 _ e wT

This manual procedure provided.instruction for the operation and calibration of
.the propellant utilization (PU) system prior to automatic, checkout. For cali-
bration purposes, the propellant utilization test set (PUT/S), P/N 1A68014 1,

was used.to provide varying capacitance inputs. to tke_propellant utilization
electronics assembly (PUEA), simulating the LOX and Lﬂz mass probe outputs onder
‘varying propellant load conditions. The items involved in this test were the
static inverter-converter, P/N 1A66212-505, §/% 00011l; the propellent utilization
elecrronics assembly, P/N 1A59358—527, 5/N 029; the LOX maee.probe, P/N 1A48430-

509-001, S/N D6; and the LH2 mass probe, P/N 1A48431-505-008-009, S/N D6.

Prior to the initiation of this procedure, the LH2 mass probe, P/N lA48431 505,
S/N Dl was damaged while it was being reworked to SEO 1A48431 505~009. FARR
A251499 rejected 8/N DI and replaced it with S$/N D6. )

Accomplished and certified om 23 May 1967, the calibration checkout was accepted
by’ﬁngineering. Megohm re51otance measurements were made on the LH2 ana Lég
mass probes using a 50 vdc megohmeter. All resistance measurements were
greater than the 1000 megohm minimum requirement. The output voltage and oper-
ating fregquency of the static inverter—converter were measured. ‘The resulting
values, as shown in Test Data Table 4.1.26.1, were within the speclfled range.
The PUEA LH2 brldge was callbrated for the empty condition by nulllng the PUT/S
ratiometer, at a reading of 0.02000, and .then nulling the PUEA .RZ.potentiometer,
The PUEA LOX brldge was calibrated for the empty - condltlon by nulling the PUT/S
ratlometer, at a readlng of 0. 02004, and then pulling the PUEA Rl potentiometer.
The PUEA LH2 and LOX brldges were then callbrated for the full condition by

setting the PUT/S ratiometer to 0. 82105 and nulllng the LH2 brldge PUEA R4
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4.1.26 (Continued)

potentiometer and the LOX bridge PUFA R3 potentiometer. Data acquisition

was verified by establishing simulated empty and full conditions, and deter-
mining the PUT/S ratiometer settings required to null the PUEA LH2 and LOX
bridges. The values obtained, as shown in the Test Data Table, were within the
required limits. Bridge slew checks were conducted by establishing simulated
1/3 and 2/3 slew conditions and determining the PUT/S ratiometer settings

required to null the PUEA LH, and LOX bridges for each case.

2

The reference mixture ratio (RMR) calibration was then accomplished: The
first step consisted of determining the differeqce between the 10X empty

and LH2 empty ratiometer readings and multiplying this by 98.4 vde, the result
heing designated ds reference voltage V1 (1.960 vde). Simulated empty conditions
were set up and PUEA residual empty bias potentiometer R6 was nulled.
Simulated full conditions were then established with the PUT/S Cl capacitor
(LHZ) set to 183.51 picofarads, and the PUT/S C2 capacitor (LOX) set to 115.99

picofarads. The PUEA residual full bias potentiometer R5 was then set to null

-the RMR bias voltage. The LH, and LOX bridge limearity checks were then

accomplished by adjusting thegPUT/S capacitors, Cl for the'LH2 test and C2

for the LOX test, to specific values, and determining that the PUT/S ratiometer
settings were wiéhin design‘specifications. For hardwire loading checks,

the LH2 and LOX bridge outputs were checked under simulated full cdnditions,

and were found to be within the tolerance of 23.52 42 vde.

Engineering comments indicate that all parts were installed and there were no
IM's in use at the start of this checkout, Two revisions were written during
this proéedure:
a. Revision one reran a portion of the checkout after replacement of
the static inverter-converter, S/N 115. Reference FARR A251546.

b. The second revision added a 50 vdc megohmeter and a 10 inch-pound
torque wrench to the list of non-end item equipment, as they were
required during the test.

FARR A251546 documented a failure of the static inverter-converter output.
No modification or rework was scheduled that would invalidate the results of

this procedure and the propellant utilization system was accepted for use.



4.1.26.1 Test Data Table, Probéllant Utiiization System Calibration

£-

Static Inverter-Converter Output Checks

Function

5 vde Qutput (vdc)

21.0 vde Output (vde)

2840 *vdc Output (vde)

V/P Excitation Qutput (vdc)
115 vrms Moniter (vde)

117 vde Qutput (vdc)

TP2 Reading (vdc)
Frequency (Hz)

Data Acquisition

Meésufements

5.0
21.62
28,028
51.17

2.716

122.0
21.76

399

Function

LH2: Empty
LOX Empty
LHz Full
LOX Full

Bridge Slew Cheéksix

Function

LHp 1/3 Slew
LH2 2/3 Slew
LOX 1/3 Slew.
LO% 2/3 Slew

LEQ Bridge Linearity Check

PUT/S Ratiometer

0.01393
0.03385
0.82106
0..82116

PUT/S Ratiometer

0.29292
0.57843
0.27487
0.55209

PUT/S C1 PUT/S Ratiometer
50 pf . 0.21963
100 pf 0.44445
150 pf 0.66951
183.51 pt 0.82128

LOX Bridgé Linearity Check

PUT/S C2

PUT/S Ratiometer

20 pf
50 pf
70 pf
100 pf

0.14469
0.34113
0.47151
0.66810

. 0.21751 to

Limits

4.5 to 5.1
20 to 22.5
24 to 30 -
48 to 52.5

2.28 to 3.18

115 to 122.5
20 to 22.5
394 to 406

Limits

0.44292 to
0.66834 to
0.81941 to

[ Y o B v B o

Limits

0.14339 to
0.33965 to
0.47050 to
0.66677 to

(=T en B an- B

.22079
44456
67162 °
.82269

.14667
.34293
47378
.67005
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4£.1.27 Propellant Utilization System (1B59504 n)

This automatic checkout wverified the capability of the propellant utilization
(PU) system to determine and control the engine propellant flow mixture ratio
in a manner that ensured simultaneous propellant depletion. The test also

verified the capability of the PU system to provide propellant level informa-

tion for controlling the fill and topping valves during LOX and LH, loading

2
operations. The automatic checkout system (ACS) was utilized during testing

to function PU system components and to monitor responses. This test

“involved all components of the stage PU system, including:

Part Name Ref. Location P/NC S/N
Propellant Utilization .

Electreonics Assy 411A9246 1459358-525 T 029
Static Inverter-Converter 411A92A7 1A66212-505 00011
LOX Mass Probe T 406A1 1A48430-509-001 D6
LHs Mass Probe . 408A1 - 1A48431-505-009 D6
L0OX Overfill Sensor (Part of LOX Mass Probe)

LOX Owverfill Control Unit 404A72A4 1A68710-511.1 Dol
LOX Fastfill Sensor . 406A2C5 1468710-1 _ D50
10X Fastfill Control Unit 404AT2A5 1A68710-511.1 D88
LHZ Overfill Sensor (Part of LHy Mass Probe)

LH2 Overfill Control Unit 411AQ2A24 1A68710-509 D56
LH2 Fastfill Sensor 408A2C5 1A68710~1 D69
LH2 Fastfill Control Unit" 411A92A43 1A68710-509 D57

Initial conditions for the test were established on 24 May 1967; and the
ratio values, obtained from the manual PU gystem calibration procedure, H&CO
1B63373; were loaded into the computer. From these ratio values, nominal

test values were computed for LOX and ILH, coarse mass voltages, fine mass

2
voltages, and loading voltages. After an evaluation of the computer printout,
a test of .the PU system power was made. Power was applied to the PU inverter-
converter, and the forward bus 2 voltage was measured. After a programmed

delay of 15 minutes, to allow the inverter~converter to stabilize, the output

‘ voltage and.frequency were measured and determined to be'within specified

limits. An additional delay of 30 minutes was required for the PU oven tem-—
perature to stabilize. Verification was made that the over temperature was
within the tolerance range. The data for this test appears in Test Data

Table 4.1.27.1.
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»

The servo bridge balance and ratio wvalve null tests were conducted next. The
error voltages, as- well as the LOX and LH2 coarse and fine wvoltages, were

measured and- determined- to be within design specifications and tolerance limits.

The PU loading test was accomplished next. The GSE power supply voltage was
measured as 28.879 vde. The LOX and LH2 loading potentiometer sense voltages

were measured, and the LOX and LH, loading potentiometer signal voltages were

2
measured. The LOX and LH2 1/3 checkout relay commands were turned on, and the
LOX and LH2 loading potentiometer signal voltages were again measured. The
checkout relay commands were turned off, and the LOX and LH2 loading potentiom-

eter sense voltages were again measured.

The,gervo balance bridge gain test was conducted next, starting with a meas-
upement:of ‘the ‘error signal voltage and the ratio valve position in degrees.
The ;Oﬁ;ahdeHé coarse and fine mass voltages were measured initially, and were
remeasured with the 1/3 and 2/3 checkout relay commands turned on, In reverse
order the voltages were measured as the 2/3 and 1/3 checkout relay commands
were tqrnéd off. All measurements were within the required limits as

detérmined‘by the ACS.

The next test checked operation of the overfill and fastfill sensors in the
LOX and LH2 tanks.  This test was accomplished by verfication that the proper
indications were registered under ambient (dry) and under simulated wet con-

ditions of the sensors.

For a PU valve movement test, 50 second plus valve slew checks and 50 second
minus valve slew checks were conducted. The preslew ratio valve position
voltage and the system test valve position signal were measured before each
of the slew checks was started. During each slew, the ratio valve position
voltaée was measured through the Ao telemetry multiplexer at 3, 5, 8, 20, and
50 seconds after the slew started, to determine the change in the position
voltage from the preslew measurement. As shown in the Test Data Table, all

of the measurements were within the required limits.

93



94

4.1.27 (Continued)

The PU activate test was conducted next, with the measurements made through
both the A0 and'BO multiplexer circuits. -The ratio walve position was -measured,

the LOX-bridge 1/3 checkout relay command was turned on, and, the LOX coarse

‘mass voltage was measured. The ratio valve position was remeasured with the
g

PU actlvate sw1tch turned on, and again with it turmed off. The LOX bridge
/3 checkout relay command was turned off and all voltages were remeasured.
These steps were then repeated using the LH bridge 1/3 checkout. relay, and

measuring the LH2 coarse mass voltagep
. . L

Engineering comments indicated that no interim use material items were installed

and there were'no part shortages at the start of this test.

Two revigions were written against the procedure for the following:

a. One revision was written to accept the low voltage indications from
‘the feorward 1 and 2 5 vde excitation modules. The voltage indications
were 4.97 vdec and 4.96 vde for forward modules 1 and 2, respectively.
The voltage indications should have been 5 +0.003 vde. The 30 milli-
volt line drop resulted from sharing the return line with the- 51gnal

ﬁwcondltlonlng rack.

b. One revision, to the PU valve movement test, changed the table of
acceptable limits for the plus 1 volt valve slew test to be plus
degrees, and for the minus 1 volt wvalve slew test to be minus degrees,
This was necessary to correct a programmning error due to the table

revision.

No FARR's were written as a result of this test, and the PU system was accepted
for use on 24 May 1967. There were no planned modifications.that would in-

validate the results of this test.

4,1.27.1 Test Data Table, Propellant Utilization System

Loaded Ratio Valueg from H&CO 1B63373

10X Empty Ratic’ - . 0.014 10X 1/3 Bridge Slew Ratio 0.275

LHy Empty Ratio . 0.000 LOX 2/3 Bridge Slew Ratio -~ 0.552
LOX Wiper Ratio © T T 0.034 " LH, 1/3 Bridge Slew Ratio 0.293
LH, Wiper Ratio > 0.014 - " LH, 2/3 Bridge Slew Ratio 0.578.

Re81idual Rias Empty Volts 1.9§



4.1.27.1 (Continued)

Computed Coarse Mass Voltages {vdce)

LOX Empty 0.068
LOX 1/3 Mass 1.377
LOX 2/3 Mass 2.759

Computed Fine Mass Voltages (vdc)

LOX Empty 3.340
LOX 1/3 Mass 1.011
10X 2/3 Mass 3,931

dompdféd Loading Voltages {vdc)

LOX Empty 0.383
LOX 1/3 Coarse Mass 7.711

Pl System Power Test

Function

Forward Bus 2 Voltage (vdc)
Inverter—Converter 115 vrms (vac)
Inverter—-Converter 21 vdec (wde)
Inverter—-Converter 5 vdc (vdc)
Inverter-Converter Frequency (Hz)
Internal Temperature (°F)

LH, Empty
1H, 1/3 Mass
LH. 2/3 Mass

[ &R o]

1H, Empty
1H, 1/3 Mass
TH, 2/3 Mass

NS T I

LH, Empty
LHy 1/3 Goarse Mass

Measurement

28.76
114.830
21.601
4.996
39%.844
76.762

Bridge Balance and Ratlio Valve Null Test

Function

0.000
1.465
2.891

1.367
0.708
1.398 |

0.000
8.203

Limits

28.0 2.0
115.0 +3.4
21.25 +1.25
4.8 +0.3
400:0 6.0
75.0 +35.0

BO Multiplexer

Error Signal Voltage (vdc)
Ratio Valve Position (deg)
10X Coarse Mass Voltage (vdc)
10X Fine Mass Voltage (vdc)
LH, Coarse Mass Voltage (vdc)

LH2 Fine Mass Voltage (wvdc)

PU Loading Test

Function

GSE Power Supply Veoltage (vdce)

LOX Loading Sense Voltage (vde)
LHy Loading Sense Voltage (vdc)
LOX Loading Signal Voltage (vdc)

LH2 Loading Signal Voltage (vde)

AQ Multiplexer

2.098
1.067

0.068
3.335
0.000
1.313

Measurement

28.879
28.879
28.839
0.383
0.000

0.073
3.325
0.000
1.304
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Function

1/3 Checkout Relay Commands On

LOX Loading Signal Voltage (vdc)
LH, Loading Signal Voltage (vde)

1/3 Checkdut Relay Commands Off

LOX Loading Signal Voltage (vde)

LH2 Loading S8ignal Voltage (vdc)

Servo Balance Bridge Gain Test

Measurement

7.547
8.012

0.039
0.000

Function Meas. AD Multiplexer BO Multiplexer
Error Signal Voltage (vdc) 2.098
Ratio Valve Position (deg) 1.199
LOX Coarse Mass Voltage (vdc) 0.073 0.073
LOX Fine Mass Voltage (wvdc) 3.315 3.320
LH., Coarse Mass Voltage (vdc) 0.010 0.005
LH2 Fine Mass Voltage (vdc) 1.313 1.309
1/3 Checkout Relay Commands On
Ratio Valve Position (deg) 1.594
10X Coarse Mass Voltage (vdc) 1.377 1.377
LOX Fine Mass Voltage (vdc) 1.021 1.025
LH2 Coarse Mass Voltage (wvdc) 1.475 1.470
LI-I2 Fine Mass Voltage (vdc) 0,801 0.801
2/3 Checkout Relay Commands On
Ratio Valve Position (deg) 2.055
LOX Coarse Mass Voltage (vdc) 2.778 2.778
LOX Fine Mass Voltage (wvde) 3.711 3.682
LH, Coarse Mass Voltage (vde) 2.910 2,915
LH2 Fine Mass Voltage (vdc) 1.055 1.050
2/3 Checkout Relay Commands Off
Ratio Valve Pogition (deg) 1.660
LOX Coarse Mass Voltage (vdc) 1.382 1.377
LOX Fine Mass Voltage (vde) 1.025 1.021
LH, Coarse Mass Voltage (wvde) 1.470 1.470
0.796 0.791

LH2 Fine Mass Voltage (vdc)

1/3 Checkout Relay Commands Off

Error Signal Voltage (vdc) 2.098
Ratio Valve Position (deg) 1.199



4.1.27.1 {(Continued)

Function A0 Multiplexer ‘BO Multiplexer
LOX Coarse Mass Voltage (vdce) 0.054 - 0.063
10X Fine Mass Voltage (vdc) 3.335 3.335
LH, Coarse Mass Voltage (vdc) 0.010 0.000
LH2 Fine Mass Voltage (vdc) 1.313 1.318

PU Valve Movement Test’

50 Second Plus Valve Slew

_Slew . _ Time Degrees Limits (deg)

f 41 T +3 V1 = 4.146 1.92 to 6.00

+1 T +5 V2 = 5.198 2.51 to 6.99
+1 T +8 V3 = 5.659 2.81 to 6.99
+1 T +20 V4 = 5,923 - 4.94 to 6.99
+1 T +50 V5 = 5.988 5.94 to 6.99

50 Second Minus Valve Slew

Slew Time Degrees Limits (deg)

-1 T +3 V1l = -3,749 -1.92 to ~-6.00
-1 T +5 V2 = -4.670 ~2.51 to -6.99.
-1 T +8 V3 = ~5,131 —-2.81 to -6.99
-1 T +20 V4 = -5,3%4 -4.,94 to ~6.99
-1 T +50 - V5 = -5.394 -4.94 to ~6.99

PU Activate Test

Function A0 Multiplexer B30 Multiplexer

PU Ratio Valve Position (deg) 1.133 1.133
1,0X 1/3 Checkout Relay On )

LOX Coarse Mass Voltage (vdce) 1.382 1.382
PU. System On

PU Ratio Valve Position (deg) 32.320 32.386
PU System Off

PU Ratio Valve Position (deg) 1.463 1.528
10X 1/3 Checkout Relay Cff

1.OX Coarse Mass Voltage (vde) 0.078 0.068

PU Ratio Valve Position (deg) g 1.330 1.265
LH72 1/3 Checkout Relay On )

LH, Coarse Mass Voltage (vdc) 1.465 1.470
PU System On ’

PU Ratio Valve Position (vdc) -25.841 -25.776
Pl System Off

PU Ratio Valve Position (deg) - 1.40 1.40
1H9 1/3 Checkcut Relay Off

LHy Coarse Mass Voltage (vdc) 0.000 0.000

PU Ratio Valve Position (deg) 1.999 1.265
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4,1.28 Propulsion System Test (1B62762 E)

This automatic procedure performed the integrated electro-mechanical functional
tests of the stage propulsion system. The procedure was divided into five
sections, each of which was performed separately. The first section of the
test checked the pressure switches for activation, deactivation, and proper
control functions. The second section checked the pneumatic control system

for functional capability and valve operation. The third section verified the
operation of the LOX tank pressurizaticn system, and the fourth section veri-
fied the operation of the LH2 tank pressurization system. The fifth section

of the test was a four part check of the J-2 engine. 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.

Initiated on 24 May 1967, the procedure was completed on 27 May 1967, and was .
accepted on 5 June 1967. The sections of the procedure are presented in order.

Measurements made during the procedure are shown in Test Data Table 4.1.28.1,

Section 1, the fressure switch test, was completed on the first attempt on

25 May 1967. The control helium sphere dump valve, the control helium supply
shutoff wvalve, the cold helium dump valve, the cold helium supply shutoff
valve, the LOX c¢hilldown pump purge control and dump valves, and the engine
pump purge control valve were actuated to ensure proper oberation. Then the
cold helium regulator backup pressure switch and the-control helium regulator
backup pressure switch were checked for pickup and dropout pressures after
pressurizing the GSE stage 4 regulator to 650 125 psia. These pressures are

listed in the Test Data Table. All pressure switch tests were repeated twice,

Section 2, the pneumatic control system test, was completed on the first attempt
on 25 May 1967. The control helium sphere was pressurized to 700 £50 psia and
the control helium regulator discharge pressure was set at 515 150 psia. Then
the opening and closing times for rthe LOX and LH, vent valves, fill énd drain

valves, prevalves, and chilldown shutoff valves were measured. The time for



4.1.28 (Continued)

the LHy directional control vent wvalve to go to the flight position and the
actuation time for it to go to the ground position were also measured. These
measurements are recorded in the Test Data Table. The last test performed in

Section 2 was a check of the switch selector for each of the above valves.

The next test was the LOX tank pressurization system test, Section 3, performed
satisfactorily on 25 May 1967, on the first attempt. The GSE stagé 7 regulator
was pressurized to 50 5 psia, and the line and dome pressures were measured.
Pressure was applied to the system, and the pressure switch manifold pressuri-
zation time and the LOX tank ground fill pressure switch pickup pressure were
measured. The cold helium supply shutoff valve was opened, and it was verified
that the flight control pressure switch would close the cold helium shutoff
valve. Then it was verified that the LOX tank flight pressure on command

would open the cold helium shutoff wvalve.

It. was next verified that the coast period on command closed the cold helium
shutoff wvalve, and that the coast period off command openéd the cold helium
shutoff valve. The LOX tank flight pressure system on command was  turned off,
then the stage 7 regulator bleed valve was opened, the pressure switch manifold
depressurization time was measured, and the LOX ground fill pressure switch
dropout pressure was measured. The ground fill pressure switch test was

repeated twice.

To verify the proper operation of the cold helium heat exchanger bypass valve,
the cold helium supply shutoff valve was opened, and the LOX pressurization
module helium gas pressure and the cold helium control valve inlet pressure

were measured while the bypass valve was opened and closed.

The cold helium spheres were then pressurized to 950 psia for the cold helium
sphere blowdown and pressure regulator test. A series of simultaneous sphere
pressure and regulator discharge pressure measurements were recorded, while
flowing the cold helium bottle supply through the pressure regulator of the
LOX pregsurization control module, until a2 sphere pressure of 617.67 psia was
measured. For simplicity, only three sets of the measurements recorded during

the cold helium blowdown test are shown in the Test Data Table.



4.1.28 (Continued)

Section 4, the fuel tank pressurization system test, was also conducted
successfully on 25 May 1967. After opening the LHy tank pressurization module,
the inlet gas pressure was measured before and after closing the step pressure

valve with the LH9 first burn relay on command.

The GSE stage 6 helium regulator was then pressurized to 50 15 psia to conduct
the LHy tank pressure switch tests. After pressure was applied, the pickup
pressures were measured and recorded for the LHp tank flight control, the

LH, ground £il1l overpressure, and the LH2 orbital coast.vent high pressure
switches. It was then verified that the LH, first burn bypass control valve
was closed by the pressure switch pickup. The LHy tank pressurization module
inlet gas pressure was also measured before and after the first burn bypass
control valve closure. The pressure switch system was then vented, and
measurements were made of the LH, pressure switch dropout pressures that
resulted in opening the LH, first burn bypass control valve. Opening the step
pressure valve by turning off the LH, firxst burn relay completed the LHj switch
tests and the LH, pressurization module valve functional check. As shown in -

the Test Data Table, the LH, pressure switch tests were repeated twice.

Section 5, the J-2 engine test, was successfully demonstrated on the first
attempt on 27 May 1967. The first portion of the J-2 engine system test
verified that the emergency detection system (EDS) engine cutoff command 1,
with the propellant tanks at ambient pressure, resulted in an engine cutoff
indication ‘and a nonprogrammed engine cutoff indication. With the EDS engine
cutoff command locked on the telemetry K140 relay, the EDS 1 engine cutoff
command was turned off, the switch selector engine ready bypass command was
turned on, the EDS 2 engine cutoff command was turned on, and it was verified
that the EDS 2 engine cutoff command did not result in nonprogrammed stage
cutoff. It was then verified that the engine control bus power on command

was disabled by the EDS 2 on command,

Next, it was verified that the LOX and LH, prevalves and chilldown shutoff
valves were held closed by the ground command. The component test power, the

engine control bus power, and the engine ignition bus power were turned on and the
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respective voltages were verified to be within tolerance, in preparation for
the engine cutoff checks. The thrust chamber and gas generator spark systems
1 and 2, were checked and verified to 5e operative, The start tank was
pressurized and its pressure was measured preparatory to the start tank vent
valve check. The start tank vent valve was opened, closed, and re-opened.
The resulting start tank pressure differentials were measured and determined

to be within the prescribed limits for proper vent valve operation.

For the engine cutoff checks, the component test power and the switch selector
engine cutoff command were turned on, and it was verified that the engine
cutoff indication was on, The engine cutoff command was turned off, and it
was verified that the engine cutoff lock was reset. The engine ignition bus
powé} was then turned off and it was verified that the engine ready indication

was off.

For a test of the engine ignition cutoff and the LH, injection temperature
detector bypass, a series of steps verified that the start tank discharge
control indication and the engine start indication were on when the switch
selector engine start command, the aft separate simulation 1 and 2, and the
switch selector LH, injection temperature detector bypass were all turned on.
The switch selector engine start command.was turned off, and it was wverified
that the engine cutoff indication was on within the predetermined time Iimit.
The engine ignition timer delay time was measured, and the aft separate

simulation 1 and 2 were turned off.

For the mainstage cutoff test, an engine ignition and cutoff sequence was

accomplished, and the operating times of the engine ignition delay timer, the

helium delay timer, the spark de-emergizer timer, and the start discharge timer,

were measured. The ignition detection indication was verified to be on when

the engine cutoff was on.

For the check of the mainstage OK pressure switches 1 and 2, the GSE stage 2
and stage 4 helium regulators were pressurized to 650 150 psia. Pressure was
applied to the mainstage OK pressure switch 1, and the pickup pressure was

measured. The mainstage OK pressure switch 1 depressurized indication, and

the engine thrust OK 1 and 2 indications, were verified to be off. The engine
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start sequence was accomplished and the ignition detected indication was
verified to be on. Pressure from the stage 2 regulator was applied to the
mainstage OK pressure switch 2, and the pickup pressure was measured. The
pressure to switch 1 was reduced, and the dropout pressure was measured. The
engine thrust OK 1 and 2 indications were verified to still be off, and it was
verified that the dropout of éwitch 1 did not cause engine cutoff while switch 2
was picked up. The pressure to switch 2 was reduced, and the dropout pressure
was measured. It was verified that the engine thrust OK 1 and 2 indications
were on, and that the dropout of both mainstage OK pressure switches had

caused engine cutoff. The pressure switch check was repeated twice, while

measurements were made of the switch pickup and dropout pressures.

For the helium control solenoid valves check, the control helium supply sphere
was pressurized to 1352 psia. The helium control solenoid valve was opened,
and the engine regulator output pressure was measured at 329.9 psia. Valve
positions were then verified by hardwire and telemetry. The LH, and LOX bleed
valves were verified to be closed. The ignition phase control solencid valve
was opened, and verification was made that the engine AST oxidizer valve and
the engine main fuel valve were open. The start tank solenoid valve was
opened and the start tank discharge valve was verified to be open. The main-
stage control solenoid valve was opened and it was verified that the gas
generator valve was open, that the LOX turbine bypass valve was closed, and

that the engine main LOX valve was open.

The start tank solencid valve was closed, and the start tank discharge valve
was verified to be closed. The mainstage control solenoid valve was closed
and it was verified that the engine main LOX valve and the gas generator valve
were closed, and that the LOX turbine bypass valve was open. The ignition
phase control solenoid valve was closed, and it was verified that the engine
AST oxidizer valve and the engine main fuel valve were closed. The helium
control solenoid valve was closed and the LH, and LOX bleed valves were

verified to be open.
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For the final engine sequence check, the engine ignition bus power was turned

.

on, the entire engine system was verified to be ready for the check, and the
component test power was turned on. The engine sequence check was an automatic
repetition of previous parts of the engine system test. The necessary commands
were given to cause engine start and engine cutoff, and the system responses to
the commands were verified to be within the predetermined limits. Various
operating times were measured during the sequence to verify the proper opera-
tion of the system component items. The recorded measurements are listed in

the Test Data Table.

Nineteen revisions were recorded in the procedure as follows:

a. One revision explained the out-of-tolerance forward 5 volt excitation
module voltages measured during the initial conditions scan. This
problem is described previously in the stage power setup,
paragraph 4.1.15. BRefer to FARR A251516,

b. One revision authorized a setup modification to comnect the pressure
checkout line directly into the LOX tank pressure switches, to avoid
pressurizing the LOX tank transducers during the pressure switch tests.

c. Four revisions corrected program errors.

d. One revision authorized the installation of an orifice at valve A-9536
in the GSE test stand pneumatic control console A, tc reduce the flow
rate for the propulsion system test.

e. One revision explained that a ''mo closed indication" for valve A-9378,
during the GSE penumatic console initial conditions scan, resulted
because the valve was removed for repairs. This revision authorized
proceeding without the GSE valve because it was not required for the
propulsion system test.

f. One revision accepted a malfunction statement of "no open indication"
for the ambient helium sphere dump valve because insufficient program
time was allowed for the sphere dump rate. The acceptance was based
cn the intent to modify the TRD te allow more time in the program.

g. One revision attributed a malfunction statement of "no closed indica-
tion" for the LOX chilldown pump purge dump valve to low stage control
sphere pressure, which had decayed due to a previous nonprogrammed
halt. The low sphere pressure resulted in a slow LOX chilldown pump
motor container purge pressure rise rate, which was not within the
program limits.
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h. One revision noted that type statements requiring manual pressurization
of the control sphere and the cold helium bottle spheres occurred
‘because the bottle pressures fell below 250 psia, as a result of the
_dump and shutoff valve routines. The revision indicated that these
were not malfunction statements, but rather instructions from the
‘computer to establish initial conditions for the pressure switch tests,

i, One revision attributed the lack of a closed indication for.the.GSE.
LOX auxiliary tank pressurization valve to an operator error during
the initial conditions scan for section 3. ° The valve was cycled’
closed and the program was resumed.

j. One revision noted that a "no closed -indication" for the GSE helium
heat exchanger 3 supply valve resulted from a valve talkback switch
malfunction. The valve was removed and replaced,

k. One revision attributed an out-of-tolerance pressure switch system
venting to an undersize orifice in the GSE pressurization circuit.,”
The restrictor selected for system venting was too small to give
good pressurization rates within the program time limits.

1. One revision explained-that the engine main LOX valve malfunction,
"no closed indication", during the J~2 engine shutdown sequence, was
within the allowable 90 milliseconds limit after the engine cutoff
signal. The oscillegraph records indicated that the valve delay time,
after the engine cutoff signal, was actually 32 milliseconds, well
within the 90 milliseconds program limit. The DDAS functiom is
updated every 83 milliseconds, which permits the possibility of valve
time indication errors.

m. Three revisions attributed SIM interrupts, during the J-2 englne
sequence testing, to program errors, which were corrected by program
revisions.

n. One revision authorized deletion of the requirements for the line-
printer to record cycles accumulated by the switch selector. The
existing practice provided manual recording of switch selector cycles
on a daily basis.

There were no d13crepanc1es during thlS test that resulted in FARR documentatlon.
Engineeting Comments noted that the AST dignition detection probe, P/N 500750,

required for the'static acceptance firing, was not installed during propulsion

‘system testing, and that the interim- use ASI ignition detection probe,

P/N NA5-27298-T2, S/N 108, was installed for the prefire checkoiit. only.

»

N \

Another notation in the Engineering Comments stated that the .wain fuel valve
closed travel time and gas generator valve LOX poppet start time out-of-
tolerance conditions resulted from the inability of the computer to accurately

time events during a Scan routine.

There were no other discrepancies noted and the test was accepted on 29 May 1967.



4,1.28.1 Test Data Table, Propulsion System Test

Section 1 — Pressure Switch Tests

Function Test 1  Test 2 Test 3
Cold He PS Pickup Pressure (psia) _ 458.1 458.7 458.1
Cold He PS Dropout Pressure (psia) 355.8 355.2 355.2
Control He PS Pickup Pressure (psia) 599.5 598.9 598.9
Control He PS Dropout Pressure (psia) 499.6 499.0 499.0
Section 2 - Pneumatic Control System Test

Measurement

Control He Sphere Pressure (psia) 723.53
Control He Reg Discharge Press (psia) 552.45

Operating Times (sec)

Limit

+23.5
+23.5
21
£31

467.5
352.5
600
490

Limit

700 *50
515 *50

Function Open Tot. Open (Cleose Tot. Close Boost Tot. Boost
LHy Vent Valve 0.013 0.074 0.170 0.398 0.078 0.226
LOX Vent Valve 0.015 0.078 0.117 0.346 0.062 0.223
LOX Fill & Drain Valve 0,132 0.238 0.682 2.083 ) 0.412 0.921
LHp Fill & DPrain Valve 0.156 0.287 0.888 2,344 0.461 0.981
LOX Prevalve 1.418 2.149 0.250 0.389 - -
LH, Prevalve 1.319 2.089 0,269 0.416 - -
LOX CD Shutoff Valve 0.198 0.963 0.026 0.128 - -
LHp CD Shutoff Valve 02294 1.002 0.038 0.143 - -

Function Flt Pos Tot. Flt Pos CGxnd Pos Tot. Gxnd Pos
LHy Direction Vent Valve 0.050 0.150 0.763 1.221
Section 3 - LOX Tank Pressurization System Test
Pressure Switch Check

Function Test 1 Test 2 Test 3 Limit

Manifold Press Time (sec) 39.325 35.635 34,261 ®
Manifold Depress Time (sec) 46.679 46.621 46,502 ®
Ground Fill PS Pickup (psia) 40.02 40,02 40,02 41 max
Ground Fill PS Dropout (psia) 37.56 37.56 37.61 36.5 min
Ground Fill PS Deadband (psi) 2,46 2.46 2,40 0.5 min

Heat Exchanger Bypass Valve Check

Function

Eypass Closed

Bypass Open

10X Press Module He Gas Press D105, (psia)
Cold He Control Valve Inlet Press, D225 (psia)

*Limits not specified

345
317

.19
.37

149.89
90.97
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Section 3 - LOX Tank Pressurization

Cold Helium Regulator Test

Function

Pressurize Cold He Bottle
First Measurement

Mid Measurement

Final Measurement

Section 4 -~ 1H2 Tank Pressurization

System Test (Continued)

Reg Disch D105

Press (psia)

He Sphere D016
Press (psia)

Pressure Switch Check

Function

Flight Control PS Pickup (psia)
Flight Control PS5 Dropout (psia)
Flight Control PS Deadband (psi)
Grnd Fill Overpress PS8 Pickup (psia)

Grnd Fill Overpress PS Dropout (psia) 31.030  31.030
Grnd Fill Overpress PS Deadband (psi) 2.50 2,50

Orb Coast Vent Hi PS Pickup {psia)
Orb Coast Vent Hi PS Dropout (psia)
Orb Coast Vent Hi PS Deadband (psi)

422,66 '942.28
416.65 885.00
412.84 755.16
395,92 625.31
System Test
Test 1 Test 2 Test 3 Limit
29.311 29.311 29.258 ' 30.0 max
27.226  27.121 27.173  26.5 min
2,08 2,19 2,08 0.5 min
33.534 33,534  33.430 34.5 max
31.030 30.8 min
2.40 0.5 min
35.256  35.202 35.256 35.0 f1.0
31.969 31.865 31.96% 30.5 min
3.287 . 3.337 3.287 - 0.5 min

LH5 Pressure Module Valve Functional Check

"Valve Status

Valves Open (A)

Step Press Valve Closed

Step Press Valve Closed (B)*#
First Burnm Bypass Valve Closed

Section 5 — J-2 Engine System Test

Enpine Delay Timer Check

Function

Engine Ignition Timer Delay (sec)
Helium Delay Timer (sec)

Sparks De-Energize Timer (sec)
Start Tank Discharge Timer (sec)

*Limits not specified
#%Repeat Measurement Prior to Bypass

Module Inlet, D104

Press (psia)

112,11
201.57
201.574
345.594

Measurement

0.432
1.009 -
3.286
1.005

Valve Closure

Limit {psia)

*

" (A +60) +40, -0

ES

B +100 min

45 *0.03
.0 10.11
3 +0.20
00 T0.03



4.1.28.1 (Continued)

Section 5 - J-2 Engine System Test

Mainstage OK Pressure Switches Check

Function

Mainstage OK PS 1 Pickup (A) (psia)

Mainstage OK PS 1 Dropout (psia)

Mainstage OK PS 2 Pickup (B) (psia)

Mainstage OK PS 2 Dropout (psia)

Engine Segquence Check

Function

Ignition Phase Solenoid Talkback
Control He Soclenoid Talkback

ASI LOX Valve Open

LOX Bleed Valve Closed

LH, Bleed Valve Closed

Main LH2 Valve Open

Start Tank Discharge Timer

Start Tank Disch Valve Open
Mainstage Control Solenoid Energ
Ignition Phase Timer

Start Tank Disch Control Sol 0Off
Main LOX Valve Open

Start Tank Disch Valve Closed
Gas Gen Valve Open

LOX Turbine Bypass Valve Close
Spark System Off Timer

Ignition Phase Control Sol Off
Mainstage Control Solenoid Off
AST LOX Valve Closed

Main LH2 Valve Closed

Main LOX Valve Closed

Gas Generator Valve Closed
Control He Sol De-Energ Timer

" LOX Turbine Bypass Valve Open
LOX Bleed Valve Open

LH2 Bleed Valve Open

(Continued)

*%%No Data Printout, Refer to revision 1.

Test 1 ) Test 2 Test 3
526.08 527.33 526.69
458.51 457 .89 458,51
529.42 530.03 528,80
464,92 466,17 466.17
Start Time Oper Time
(sec) (sec)
- 0.021
- 0.016
- 0.047
- 0.088
- 0.065
0.081 0.058
- 1.002
0.104 0.119
- 1.452
- 0.450
- 0.006
0.322 1.954
0.188 0.114
0.078 0.108
0.279 0.251
- 3.292
- 0.007
- 0.015
0.038 -
0.117 0.164
k% Hk%
0.125 0.082
- 1.014
0.297 0.496
8,888 -
9.950 -

Limit
515 136
(A-62.5) +43.5

. 515 *36
(B-62.5) +43.5

Total Time
(sec)
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4£.1.29 Signal Conditioning Setup (1B63149 C)

This procedure calibrated the stage 5 volt and 20 volt excitation modules,
and calibrated any items of the stage signal conditioning equipment that were
found to be out-of-tolerance during testing. The signal conditioning equip-
ment consisted of those items required.to convert transducer low level or ac
signals to the 0 to 5 vdc form used by the telemetry system, and included dec
amplifiers, temperature bridges, frequency to dc converters, and expanded

scale voltage monitors.

This procedure was initiated on 24 May 1967, and was certified as completed
onn 1 June 1967. The items calibrated during this test are noted in Test Data
Table 4.1.29.1.

The input voltage to each 5 wolt excitation module was verified to be
28 0.1 vde, and each module was adjusted to obtain a 5 vde output of
5.0 £0.005 vdc. The final values measured, as shown in the Test Data Table,

were zall within the prescribed limits.

No part shortagesAwere recorded that affected this test. No problems were
encountered during the test and no FARR's were written. One revision was
made to the procedure to delete all sections of the test that were not accom—
plished, because no other out-of-tolerance conditions occurred during stage

systems checkouts which required the use of this procedure.

4,1.29.1 Test Data Table, Signal Conditioning Setup

5 Volt Excitation Module - P/N 1A77310-503

Reference

* Location 5/N Qutput (vde) Limits (wvde)
411A99A33 098 5,001 5.000 +0.005
L4Q4LATHAT 0101 5.003 5.000 +£0.005
411A98A2 0100 5.001 5.000 +0.005

4,1.30 Digital Data Acguisition System (1B59500 D)

The digital data acquisition system (DDAS) automatic test provided operational
status verification of data channels on the stage, except certain data

channels that were tested during specific system tests. The outputs of these



4.1.30 (Continued)

channels were checked by the D924A computer and found to be within the
specified tolerances. The proper operation of all DDAS signal conditioning
units and associated amplifiers, the command calibration channel decoder
assembly, and the transmitter output and the antenna system were also chacked

by the computer.

Components of the DDAS installed during this test included: The PCM/DDAS
assembly, P/N 1A74049-511, S/N 05; the CP1-BO time division multiplexer,

P/N 1B62513-531, S/N 017; the DP1-BO time division multiplexer, P/N 1B62513-
533, S/N 03; the remote digital submultiplexer (RDSM), P/N 1B52894-1, S/N 09;
the remote analog submultiplexer (RASM), P/N 1B54062-503, S/¥ 012; znd the
PCM RF assembly, P/N 1B52721-521, S/ 030.

Prefire DDAS autcmatic testing was successfully accomplished on 29 May 1967,

and was accepted on 5 June 1967.

All channels having a calibration capability were compared one at a time to
the tolerance limits by the computer. Transducer analeg outputs were signal
conditioned and fed to the multiplexers. The multiplexer unit input channels
were electronically sampled at a given rate, then these samples were fed dinto
the digital data acquisition assembly (DDAA). The DDAA received these output
samples through a time share gate and convertgd them to 10 bit binary coded
words. The.DDAA output was fed into the ground station and the PCM RF trans-
mitter by coaxial cable. The ground station output was fed into the computer
for tolerance verification. High mode and low mode calibration command
signals were provided by the remote automatic calibration systems (RACS) which
used binary coded ground commands to a central calibration command decoder
assembly in the stage. These signals were fed into the signal conditioning
modules to provide channel operation verification in the DDAS. Channels
without RACS capability and spare channels were tested by comparing their

end item outputs at ambient conditions to tolerance limits. Ambient condi-
tions were defined as 70°F at 14.7 psia or, for bi-level parameters, the
normal state of valves or switches during the performance of this test. All

channel outputs were measured and printed out.
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4.1,30 (Continued)

Special channel tests at 400 Hz, 100 Hz, and 1500 Hz were performed, in the
order given, following completion of the DP1-BO multiplexer tests. The 400 Hz
test checked the static inverter—converter, the LOX circulation pump flow rate,

and the LH, circulation pump flow rate. LOX and LH2 flowmeter tests at 100 Hz

followed the 400 Hz test. The LOX and LH2 pump speeds were checked using the
1500 Hz test input. The indications displayed during the special channel tests

were as expected.

There were no discrepancies or malfunctions resulting in FARR documentation,

All problems encountered were resolved in the revisions recorded in the proce-
dure. There were no part shorﬁages affecting the test. An interim use pressure
transducer for measurement number D576, P/N 1A72913-539, S/N 240-1, was installed
for checkout and static firing, after which the flight configuration trans-

ducer, P/N 1B40242-509, S/N 509-22, replaced it.

Fourteen revisions were recorded in the procedure as follows:

a. One revision listed FILADD entries required to add calibration
values to the program for the J~2 engine transducers. -

b. Two revisions listed program changes required due to the removal
’ of the heaters from the battery simulators.

c. Four revisions corrected program errors.

d. One revision attributed an out-of-tolerance indication for measure-
ment D043, the GN, accumulator pressure transducer, to low GNy accumu-
lator tempexrature. The expected pressure value in the program was
based on an accumulator temperature 20 degrees warmer. The recorded
pressure was well within an adjusted expected value basad on 20 degrees
lower temperature.

e. One revision attributed out-of-tolerance measurements for the common
" bulkhead internal pressure transducers, measurements D237 and D545,
to insufficient time allowed for bulkhead internal pressure stabili-
zation prior to this test. D545 measured above ambient and D237 below
the ambierit pressure requirement. Subsequent to this test, sufficient
time was allowed for stabilization, and D545 and D237 were verified
to be at ambient pressure.

f. One revision explained the cause of an out-of-tolerance pitch actuator
piston position, measurement G00l. The actuator center locks had not
been installed, resulting in the engine being off center. The engine
was subsequently centered and measurement G001l was verified to be
within tolerance.

g. One revision attributed a malfunction statement 'main LOX valve closed
indication K121, not on" to electrical discomnection of the valve
during the test. The valve was subsequently connected and K121 was
verified to be on.



4.1.30 (Continued)
h. One revision explained that the cause of the out-~of-tolerance
indication for the fuel tank inlet pressure transducer (D054) was
a program error resulting from erroneous transducer calibration
curve input. D054 was calculated to be within tolerance based on
" the indicated output voltage at ambient pressure and using the
actual transducer curve.

1. One revision indicated that the SIM channel 067 interrupts received

during the test resulted from cycling engine safety cutoff system
power,

j. One revision concerned a GSE malfunction, Channel 6 lockout, unrelated
to stage checkout, ’

4.i.31 Integrated System Test (1B59514 E)

This automatic checkout verified the design integrity and operational capability
of the S~IVB stage and facility systems which were functioned during propellant

loading and static acceptance firing.

The agutomatic and manual test sequences performed during this checkout were

initiated on 3 June 1967, and were certified as complete and acceptable on
6 June 1967.

The stage power setup established a known condition by a matrix reset, and
systematically applied power to the vehicie buses and systems required for
.operation of the test. This section was satisfactorily completed and the
test proceeded into the next section without any out-of-tolerance coﬁditions

noted.

The GSE valve functional checkout established an ambient condition in the pneu-
matic console subsequent to a bleed-down of all regulators, and then reset

the regulators to predetermined values. All console and sled valves used in
propellant loading and static acceptance firing were cycled, and the heat
exchanger was functiocned. There were two malfunctions during these operations.
One, indicating that the GN2 crossover supply did not close, was attributed

to the crossover valve being slow to operate. The other, a SIM interrupt,
indicated that the LH2 prevalve did not operate. The prevalve was operated
during a SIM disable, but not when the SIM was enabled, therefore no valve
operation was seen by the SIM, This section was satisfactorily completed and

the next section was entered.
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4.1.31 (Continued)

The DDAS section of the test was accomplished next, with the PCM transmitter

operated open loop. The telemetry 5 step calibration, the highAgﬁE low RACS,

and special calibrations of flows, speeds, and frequencies were commanded to

provide verification of all calibration techgiques.' The pé;ameters on the

CP1 and DPL multiplexers and remote analog and digital submultiplexers, which
were requirgd for loading or firing, were verified by receipt of proper response
through open loop PCM transmissions. At the conclusion of DDAS, the output

was again received by the 600 Hz VCO. During the CPL section of the test,
thirty~seven functions were verified to be off while sixteen were on. The

DP1 section indicated nine functions were cff while thirteen were on. There
were 15 channel malfunctions associated with this section. D016 and D177
through D180 failed during the CP1 multiplexer test, and D016, D054, and D177
through D180 failed durxing the DPl multiplexer test. The strain gauge pres-—
sure transducers D016 and D054 are‘ﬁFI sensitive, which caused the calibration
and ambient values to malfunction. The LOX and LH2 tank uvllage pressure trans-—
ducers, D177 through D180, malfunctioned during the ambient test because the
LOX and LH2 tanks were not at ambient pressure during the test. The ambient
test values were verified to be within tolerance during the DDAS procedure,

H&CO 1B59500.

The torch and water test was performed satisfactorily. Following setup of the

console GH, supply, the GH, igniters, the diffuser water, ‘the deflection plate

2 2
water, and the aspirator-water were functioned in acceptance test sequence.
This series of events verified that proper water pressures and torch ignition

signals were received.

- The stage valve functional checks were initiated by opening and closing the

LH2 and LOX vent valves and fill and drain valves, while the valve operating

times were measured.

The LOX and LH, prevalves and chilldown shutoff.valves were then cycled, and

2
their operating times were measured. The LH2 directional vent valve was set
to the flight position and to the ground position, and the operating times for
each position were recorded. All operating times were recoxded in the Test -

Data Table.




4£,1.31 (Continued)

The auxiliary hydraulic system was operated, and the proper pressures and levals
were verified prior to restrainer link disengagement. The J-2 engine received
a step gimbal signal, as well as 1/4 and 1/2 degree sinusoidal'inputs at 0.6,

5, and 7 Hz. The checkout proceeded without interruption.

A final dry sequence of the J-2 engine was conducted through the use of simu-
lation commands for ASI ignition and mainstage, to verify the proper operation

of the engine, as well as of the ESCS spark monitoring circuitry.

The ullage rocket ignition and jettison EBW units were functionally certified

by charging the units and firing them into pulse sensors.

The overfill pointtlevel sensors were proven to operate satisfactorily by
cyeling the sled main f£ill and replenish valves, with the operation of 2-out-
of-3 depletion sensors verifying that the cutoff logic was operational., In
addition, the individual ability to create a cutoff was proven for the engine

lockout component test power and engine lockout GSE power - EDS1 - EDS2 systems.

Fl

A check of the inverter-converter outputs was followed by cycling the PU mass
bridge while creating positive and negative error signals for verification of

the engine PU valve position. This section was satisfactorily completed.
The stage bus internal power was set up by the use of secondary battery power,

The forward internal/external cycle was completed while switching normal telem~
etry current on forward bus 1, and PU current on forward bus 2. Following the
APS and range safety functional check, aft bus 1 was cycled internal/external

with the stage ambient and APS currents being drawn.

Engineering status review indicated that one non-flight transducer, P/W 1A72913
-539, was installed on the stage during integrated system test. The transducer

was for measurement D576, the LH, tank pressure.

2
There were twenty-three ravisions made to the procedure for the following:

a. Fourteen revisions concerned correction of procedure, TRD, and
program errors.
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4,1.31

b.

(Continued)

One revision added RACS values to the program, based on callbratlon
data for J-2 engine pressure transducers.

One revision deleted the LOX and LH2 chilldown inverter voltage and
frequency checks. These measurements were checked per revision 16
of the power distribution procedure, H&CO 1B59498.

One revision explained a mainstage pressure OK switch malfunction that
occurred during an engineering rumn. Investigation revealed a broken
wire in cable assembly, P/N 1B49399-2 This cable was repaired per
FARR A251538.

One revision explained a SIM interrupt on channel 72. The LHy pre-
valve was cycled while the SIM was disabled. When the SIM was enabled,
no valve movement occurred, thus causing the interrupt.

One revision concerned channel malfunctions received due to out—of-
tolerance measurements recorded during the DDAS section. Measurements
numbers D16 and D54 were out-of-tolerance because these strain gauge
transducers are RFI sensitive, causing the calibration and ambient
values to malfunction. The calibration and ambient values were veri-
fied to be within tolerance during the DDAS procedure, H&CO 1B59500,
which was operated in a closed loop mode.

One revision concerned channel malfunctions received due to ocut—of-
tolerance measurements recorded during DDAS automatic checkout. Meas-
urements numbers D177 through D180 were out-of-tolerance because the
system was pressurized during this portion of the test, while the
procedure was written for ambient pressure values. These measurement
values had been verified to be within acceptable tolerances during

the DDAS automatic checkout per H&CO 1B59500,.

One revision concerned the malfunction printout indicating that the’
GHy crossover had failed to close. The crossover was slow in closing,
so the computer saw the valve as being open, causing the malfunction
printout.

One revision explained the type statement '"MALF — RS1 EBW firing unit.
arm and engine cutoff not on'". These two functions should have been
off. The cable assembly, P/N 1B49399-561, was installed at sequencer
bus module 404A3A25, but should have been installed on the 404A3A32
module. With the cable properly installed, it prevented RS 1 from
generating a cutoff, as well as preventing EDS 2 from turning om the
IU talkback,

One revision stated that due to an operator's error in not depressing
the cutoff reset during a 15 second delay at step 15502, OLSTOL was
entered in order to jump back and repeat a test.



4.1.31.,1 Test Data Table, Integrated System Test

CP1-BO Multiplexér Ambient Measurement and High and Low RACS Voltages

Meas

No. . Function Measurement . Limits

D016 Hi RACS Test 4,148 vde* 4.000 +0.100 wvde
D016 Lo ‘RACS Test 1.148 wvde* 1.000 4+0.100 vdc
D016 Amb Output 79.236 psia 14.700 +70.000 psia
D177 - Amb Output 16.782 psia® 14,700 4+1.000 psia
D178 Amb Output 16.746 psia® 14.700 +1.000 psia
M068 Hi RACS Test 3.999 vde 4,000 +0.050 vde
MO68 Lo RACS Test 0.005 vdc 0.000 +0.050 vdc
MO68 * Amb Output 4,979 vde 5.000 +0.050 vdc
M024 Hi RACS Test 4.005 wvdc 4.000 +0.050 vde
M024 Lo RACS Test 0.005 wvde 0.000 +0.050 vdc
MO024 Amb Output 4,987 vde . 5.000 +0.050 vde
M025 Hi RACS Test 4,005 vde 4,000 +0.050 vdc
M025 Lo RACS Test 0.010 vde 0.000 +0.050 vde
M025 Amb Output 5.015 wvde 5.000 +0.050 vdc
D043 Amb Output 2241.875 psia 2350.000 +125.000 psia
D018 Hi RACS Test 4,117 "vde 4.152 +0.100 vde
D018 Lo RACS Test 1.153 vde 1.169 +0.100 vde
D018 Amb Output 11.503 psia 14,700 +15.000 psia
D017 Hi RACS Test 4,020 vde 4,053 +0.100 vde
D017 Lo RACS Test 1,030 wvde 1.047 +0.100 vdc
DOL17 Amb Output 10.621 psia 14,700 +70.000 psia
D019 . Hi RACS Test 4,010 vde 4.019 +0.100 vdc
D019 Lo RACS Test 1.015 wvde ~1.013 +0.100 vde
D019 Amb Output 12.903 psia 14.700 +70.000 psia
D160 Hi RACS Test 3.999 vde 4,000 +0.100 vdce
D160 Lo RACS Test 0.999 vde 1.000 +0.100 vdc
D160 Amb Output 39,262 psia 14,700 +70.000 psia
D179 Amb Output 18.135 psia*® 14.700 +1.000 psia
D180 Amb Output 18.380 psia* 14,700 +1.000 psia
GO0l Amb Output .=0.475 deg -0.300 +0.400 deg
G002 Amb Qutput 0.098 deg 0.300 +0.400 deg
D225 Hi RACS Test 3.984 vde 4.000 +0.100 wvdc
D225 Lo RACS Test © 1.035 wde 1.000 £0.100 vde
D225 Amb Output 9.683 psia 14.700 +10.000 psia

DP1-BO Multiplexer Ambient Measurements and High and Low RACS Voltages

Meas

No. . Function Measurement Limits

D016 ‘Hi RACS Test 4,133 vde* 4.000 +0.100 vdc
D016 ) Lo RACS Test 1.158 vdc* 1.000 10.100 vde
D016 Amb Output 86.873 psia® 14,700 £70.000 psia
D177 Amb Qutput 16.845 psia* 14,700 +1.000 psia

*Qut~of-tolerance, Ref revisions f and g
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4,1.31.1 {(Continued)

Meas
No.

D178
D054
D054
D054
M068
M068
M068
M024
M024
MO24
MO25
MO25
MO25
D014
b050

‘D103

D105
D105
D105
cos51
€051
Cc051
D018
D018
D018
D017
DO17
DO17
DO19
D019
D019
D160
D160
D160

D179 .

D180
M006
M007
€001
coo01
C001
€002
co02
co02
C006
C006
c006

Function

Amb -Output

Hi RACS Test
Lo RACS Test -

Amb Qutput
Hi RACS Test
Lo RACS Test
Amb Output
Hi RACS Test
Lo RACS -Test
Amb Output
Hi RACS Test

" Lo RACS Test

Amb Cutput
Amb Output
Amb Output

. 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
Hi RACS Test
Lo RACS Test
Amb Output
Hi- RACS Test
Lo RACS Test
Amb Qutput
Hi RACS Test
Lo RACS Test
Amb Output
Amb Output
Amb Output
Amb Output
Amb OQutput
Hi RACS Test
Lo RACS Test
Amb Output
Hi RACS Test
T.o RACS Test
Amb Output
Hi RACS Test
Lo RACS Test
Amb Output

Measurement

16.808 psia*
" 4,226 vde*®
1.051 vde
20.993 psia*
4,005 vde
0.005 vdc
4,979 vde
< 4.010 vde
0.005 vde
4.987 vdce
3.999 vde
0.005 vde
5.017 vde
19.147 psia
12,766 psia
15.384 psia
4.020 vde
1.025 vde
21,139 psia
4.005 vdc
-0.005 wvdc

56.506°F
4,138 wvde
1.169 vde
12.267 psia
4,025 wvde
*1.030 vde
12.142 psia
4,010 vde
1.015 wvde
16.475 psia
3.999 vde
0.999 vdc
35.521 psia
18.197 psia*
18,442 psia*
27.753 vdce
0.030 wvdc
3.989 vde
0.000 vde
59,017°F
3.994 vde
0.000 wvde
52.701°F
4,030 vde
=0.005 vdc
56.728°F

* Qut-of-tolerance, Ref revisions f and g

Limits

14.700

" 4.000

1.000
14.700
4.000
0.600
5.000
4£.000
0.000
5.000
4.000
0.000
5.000
14.700
14.700
14.700
4.000
1.000
14.700
4.000
0.000
50.000
4,152
1.169
14,700
4.053
1.047
14.700
4.019
1.013
14.700

4,000

1.000
14,700
14.700
14.700
28.000

0.000

4,000

0.000
50.000

4..000

0.000
50,000

4,000

0.000
50.000

+1.000 psia
+0.100 vde
+0.100 vdc
+2.000 psia
+0.500 vdc
+0,050 vdec
+0.050 wde.
+0.050 vdc
+0.050 wvde ..
+0.050 vde
+0.050 vde -
+0.050 vde
+0.050 vdc.-
+13.000 psia
+3.000 psia
+3.000 psia
+0.100 vde
40,100 vdc
+10.000 psia
+0.074 vdc
+0.074 vdc, .
£15,000°F
+0.100 wvde
40,100 vde
415,000 psia-
+0.100 vde
+0.100 wvde
+30.000 psia
+0.100 vdc
+0.100 vde
+70.00 psia
+0,100 vde
+0.100 vde
+70,000 psia
+1.000 psia
+1.000 psia
+2.000 vde
+1.000 vdc
+0.074 vde
+0.074 vde
+72.000°F
+0.074 vde
+0.074 vdce
+48.000°F
+0.074 vdce
+0.074 vde
+18.000°F



4,1.31.1 {(Continued)

Meas
No.

ci99

G199
Cl199
C138
C138
€138
G001
G002

Function

Hi RACS Test
Lo RACS Test
Amb Cutput
Hi RACS Test
Lo RACS Test
Amb Output
Amb Output
Amb Qutput

Valve Functional Checks

Function

Measurement

4,030 vde
-0.005 vdc
57 .492°F

- 3.999 vde

0.000 vdc
55.720°F
~0.473 deg

0.362 deg

LHo and LOX Prevalves

Close Time (sec)
Open Time (sec)

LH2 Vent Valve
Open Time (sec)
Close Time (sec)

LoX Vent Valve

Opeﬁ Time (sec) .
Close Time (sec)

EEQ & LOX Chilldown Shutoff Valve

0.499
2.005

.129
.369

QO

0.123
0.309

Close Time (sec)
Open Time (sec)

LEQ Vent Valﬁe

Open Time (sec)
Close Time (sec)
Open Time (sec)
Close Time (sec)

LOX Vent Valve

Open Time (sec)
Close Time (sec)
Open Time (sec)
Close Time (sec)

LH, Fill & Drain Valve

Open Time (sec)
Close Time (sec)
Open Time (sec)
Close Time (sec)

.163
.952

oo

.095
.352
.096
.221

fan e B o [ oo

.098
.293
.098
.200

OO0

.358
.067
.343
. 965

cConNOo

Measurement

Limits

4.000
0.000
50.000
4.000
.0.0600
50.000
-0.300
0.300

+0.074 wvdce
+0.074 vde
+21.000°F
+0.074 wvdc
+0.074 vde
+16.000°F
40,400 deg
+0.400 deg

Limits

4.000 max
4,000 max

4.060 max
4.000 max

4,000 max
4.000 max

4,000 max
4,000 max

4,000 max
4,000 max
4,000 max
4,000 max

4,000 max
4,000 max
4,000 max
4.000 max

4.000 max
4.000 max
4,000 max
4.000 max
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Function Measurement Limits

LOX Fill & Drain Valve )
Open Time (sec) 0.292 4,000 max

Close Time (sec) 1.812 4,000 max

Open Time (sec) ) 0.282 4,000 max

Close Time (sec) 0.904 4.000 max
LH, & LOX Prevalves

Close Time (sec) 0.545 4,000 max

Open Time (sec) 2.021 4,000 max
LH, & LOX Chilldown Shutoff Valve

Close Time {(sec) 0.192 4£.000 max

Open Time (sec) 0.972 4,000 max
Directional Vent Valve

Flight Position (sec) 0.174 4.000 max

Ground Position (sec) : 1.228 4.000 max

Engine Gimbal Step Commands with Engine Restrainer Links

Excitationr(vdc) T/M Position (deg) TIU Position (deg)

Position Commands Pitch Yaw * Pitch Yaw Pitch Yaw
0° pitch - 0° yaw -0.15 0.05 -0.05 -0.01 -0.04 -0.04
1° pitch - 0° yaw 6.40 0.00 0.77 ~0.03 0.77 -0.06
0° pitch - 0° yaw -0.25 0.05 -0.05 -0.03 -0.03 ° ~0.03
1° pitch - 0° yaw -6.85 -0.05 -1.04 -0.03 -1.03 -0.06
0° pitech - 0° yaw -0.15 0.05 -0.05 -0.03 -0.04 - -0.07
0° pitech - 1° yaw -0.20 -6.60 -0.02 -0.85 -0.01 -0.84
0° pitch -~ 0° yaw -0.25 0.05 ~0,00 0.00 -0.01 0.00
0° piteh - 1° yaw "~-0.25 6.65 -0.02 1.04 -0.01 1.00
0° pitch - 0° vaw -0.20 0.00 0.00 -0.01 0.00 -0.04

Engine Gimbal Step Commands, Restrainer Links Dropped

Excitation (vde) T/M Position (deg) IU Position (deg)

Pogition Commands Pitch Yaw Pitch Yaw Pitch Yaw

0° pitch - 0° yaw -0.20 0.05 -(.02 ~0.03 0.00 -0.04
1° pitch -~ 0° yaw 6.45 0.00 0.96 -0.03 0.96 -0.04
0° pitech - 0° yaw -0.25 0.00 -(.03 -0.03 -0.03 -0.06
1° pitch - 0° yaw -6.85 0.05 -1.01 -0.03 ~1.00 -0.04
0° pitch - 0° yaw ~0.25 0.00 -0.03 -0.03 -0.03 ~Q.04
0° pitch - 1° yaw -0.25 -~6.65 -0.00 -1.05 0.00 =1.06
0° pitch -~ 0° yaw -0.25 0.05 -0.00 0.00 0.00 -0.01
0° pitch ~ 1° yaw -0.25 6.65 0.01 1.04 0.01 1.03
0° pitch - 0° yaw -0.20 0.05 -0.00 -0.03 0.01 -0.03
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4£.1.31.1 (Continued)

Engine Gimbal Frequency Response

Axis & Desired Actual Time Lag  Phase Lag Cycles Sample
Ampl. Freq (Hz) Freq-.(Hz) (sec) (deg) Gimb'd Time (sec)
Pitch 0.60 0.57 0.895 -1.82,813 3.8 2.518
0.25 deg 5.00 J4.95 0.068 -121.641 14.69 2.521
< “7.00 '7.01 -0,050 =125.508 20.28 2,513
Yaw 0.60 0.58 0.049 10.195 4.07 - 2,516
0.25 deg 5.00 4.92 0.021 36.211 15.70 2.520
7.00 6.97 0.162 406.406 22,22 2,552
Pitch 0.60 0.57 0.842 -171.914 3.08 2.544
0.50 deg 5.00 4.97 0.059 -104.766 14.74 2.251
° 7.00 7.06 0.043 -108.984 20.21 2,511
Yaw 0.60 0.58 - 0.059 11.953 4.07 2.517
0.50 deg 5.00 4.95 0.032 57.305 15.86 2.549
7.00 0.019

6.97

46.406

21.11

4,1.32 Final Prefire Propulsion System Leak Check (1B70175 D)

2,523

Final leak checks for the stage ﬁropulsiOn system were conducted prior to

acceptance firing after all other stage checkouts had been completed.
primary purpose of the_ final prefire leak checks was to test for any external
leakage that could oceur as a result of system disturbance during checkouts

conducted after -the prefire propulsion system leak check,

graph 4.1.21. Examples of system disturbance that.required a repeat of tbe

The

reference para-

external leak checks included removal and replacement of instrumentation,

replacement of malfunctioning components, and plumbing connections required to

facilitate prefire checkouts.

Checkout was inltlated on 9 June 1967, and was completed and certlfled as

acceptable on 12 June 1967.

Table 4,1.32.1.

Recorded measurements are 1lsted in Test Data

Stage ambient helium system leak checks were conducted with the pneumatlc

control sphere and the LOX and LHp ambient helium repressurlzatlon spheres

pressurlzed with helium to 1450 +50 p31g, Wlth the control regulator discharge

pressure set at 515 +50 p31g.

external helium leakage Wlth a helium leak detector and LOX compatlble bubble

solution, AMS 3159.

All portlons of the system were checked for

In addition, the pneumatic actuation control modules
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4.1.32 (Continued)

were checked for internal leakage by monitoring each module vent port., No

leakage was noted.

After 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 checking all plumbing for external leakage

with the helium leak detector. No leaks were detected.

After completing setup operations for pressurizing the LOX and LHy tank
assembly, preparations for the LOX and LH, tank assembly pressure decay checks
were made. These were accomplished by closing all engine propellant supply
valves to maintain static helium pressure in the tank assembly and monitor

any loss in tank pressures over a 30 minute period. The pressure requirements
were 15 +0, -1 psig for the LOX tank and 9 +1, -0 psig for the LH» tank.

Prior to the pressurization, gas samples were taken from both tanks and analyzed
for helium content. Results of the helium concentration check and the pres—
sure decay check for the LOX and LH; tank assembly -are listed in the Test

Data Table.

Next the control helium bottle £ill valve was closed and a 30 minute control
sphere pressuré decay check was made. While maintaining LOX tank helium pres-
sure at 15 +0, -1 psig, the LOX propellant supply line (low pressure duct) 'to
the J-2 engine was pressurized with helium at 15 to 30 psig. The entire LOX
propellant supply system, recirculation system, and 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 wvalve (MOV), the
AST valve, and the gas generator oxidizer circuitry terminating at the gas

generator oxidizer valve. No external leakage was recorded for the LOX system.

After venting the LOX low pressure duct, the LH, low pressuie duct’(propellant
supply to the J-2 engine), was pressurized with helium at iO to 30 psig while
maintaining LOX tank and LH, tank pressures at 10 to 15 psig and 10 +0,

-1 psig, respectively. The LH, system from the LH, tank through the J-2 engine



4.1.32 (Comtinued)

was then checked for external helium leakage, similarly to the LOX system

praviously described, No external leaks were detected.

The J-2 engine thrust chamber throat plug was- then installed and helium
pressure at 9 +1, ~0 psig was stabilized between the threoat plug and the main
oxidizer and fuel thrust chamber wvalves (MOV and MFV) to conduct the thrust
chamber leak checks. The entire J-2 thrust chamber system was then checked

for external helium leakage. Wo leakage was detected. In addition to external
leak checks of the thrust chamber system, the actuator drive and idler shaft
seal leak checks were conducted for the thrust chamber walves {MOV and MFV).

The results are listed in the Test Data Table.

The J-2 engine start system leak check was begun by drying the start tank vent
valve actuator. A vacuum pump was attached and the actuator was pumped down
to a vacuum of 10 mm of Hg maximum. A heat lamp was applied to the actuator
to obtain a surface temperature between 100°F and 150°F. The actuator tempera-
ture and vacuum were maintained for a minimum of 2 hours. _The start tank
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.
After allowing the start tank pressure to stabilize for 2 hours, thg start
tank temperature and pressure were measured and recorded. After 1 hour these
measurements were repeated to calculate the helium mass decay rate for the
start tank. The calculated decay rate was 0.001733 pound-mass/hour, which was

acceptable based on an allowable mass decay rate of 0.0066 pound-mass/hour.

The J-2 engine control sphere was then pressurized with helium to between 225
and -250 psig in preparation for engine pneumatic leak checks. The low pressure
side 1eék check was then conducted to determine internal leakage within the
engine pneumafic control package. Leakage rates as measured at the pneumatic
control module common vent port were within the acceptable tolerances, as

_ listed in the Test Data Table. The engine control sphere pressure was then
increased to 300 £10 psig and the helium control solencid was turned on to
pressurize the pressure actuated purge system for external leak checks. No
leaks were detected. The engine control sphere pressure was then increased

to 1450 +50 psia for the pneumatic control high pressure side retention test.
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4.1.32 (Continued)

After allowing the control sphere pressure to stabilize for.1l hour, the control
sphere temperature and pressure were measured and used to calculate the sphere
helium mass. This was repeated 1 hour later to obtain a calculated engine
control sphere helium mass decay rate of 0.00 pound-mass/hour, which was

acceptable based on an allowable decay rate of 0.036 pound-mass/ﬁour.

The LHy and LOX tanks and the engine systems were then purged, after which gas
samples from the tanks were taken to determine if the helium concentration for
the propellant tank assembly was acceptable. Results are listed in the Test

Data Table. Tank blanket pressures were then maintained at 5 +0, -1 psig for

‘the LOX tank and 3 40, -1 psig for the LH, tank. All systems, except the LOX

and LH, tanks, were vented to ambient and secured.

Final éhecks were made to verify that the umbilical hoses required for static
firing were installed, and that the unregquired stage umbilical ports were
capped off. The checkout was completed by verifying that the required
electrical cables were connected to the proper solenoid valves in the LOX and

LH, 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.

Twenty~-six revisions were recorded in the procedure as follows:

a. Eight revisions deleted steps that were no longer requlred or that
applied to S~V stages or to postfire checkout.

b. Two revisions changed part number callouts to match the latest
configuration.

¢, One revision added the caution note "Care must be taken to prevent
entry of foreigh matter or soap into leak check ports," to prevent-
freezing of the port under cryogenic conditions.

d. One revision changed the maximum allowable leakage rate for the
pneumatic actuation control modules from 1.2 scim to 6.0 scim.

€. One revision .changed the engine controel sphere pressure from 950 450
psig to between 250 and 300 psig for persomnel safety requirements.

f. One revision authorized the disconnection, and subsequent recomnnection,
of plug 403W8P3 from the start tank dump solemoid, to prevent venting
of the start tank when personnel were in the engine area.



4.1.32

{Continued)

One revision changed the thrust chamber pressure source from the
LHy nozzle purge to the LH, umbilical purge.

One revision changed test point callouts to obtain umbilical readouts
for the main oxidizer wvalve and the main fuel valve.

One revision removed the caps from the LOX and LHs5 turbine seal cavity
bleed lines, as the bleed lines must remain open.

One revision added the stage 4 helium pressure of 300 psig. The new
set pressure was required for purging the LH; feed system through the
main oxidizer wvalve,

Three revisions corrected procedure errors.

One revision added a caution note warning personnel not to spin the
engine flow meter.

One revision authorized an engine control sphere pressure retention
test.

One revision authorized the reconnection of pipe assembly, P/N 1B62913,
to pipe assembly, P/N 1B65189-1. The disconnection had been
accomplished in another procedure.

One revision changed test sequences to provide a more convenient
method of pressurizing the LOX and LH, low pressure ducts.

One revision authorized the performance of a torque check of the
LOX prevalve coupling.

4.1.,32.1 Test Data Table, Final Prefire Propulsion System Leak Check

LOX and LH7 Tank Helium Concentration

He. Concentration (%)

.Location Reading Limits
LOX Tank Top 99.7 75 min
LOX Tank Bottom - 99.7 75 min
LH, Tank Top 99.8 75 min
LH2 Tank Bottom 99.8 75 min
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4.1.32.1 (Continued)

LOX and LH, Tank Pressure Decay Test

Function Initial
10X Tank Pressure (psig) 14.25
LH, Tank Pressure (psig) . 9.25

Stage Control Helium Sphere Pressure Decay Test

Function - Initial
Control Sphere Pressure (psig) . 1475

Thrust Chamber Valwe Actuator Shaft Seal Leak Checks

Function Measured

MOV Idler Leakage (scim)

MFV Idler Leakage (scim)

MOV 2nd Stage Actuator Leakage (scim)
MFV Actuator. Leakage {(scim)

oo QoO

Engine Pneumatic Control Package (Low Pressure Side) Leak Check

Final

14.25
9.25

Final

1475

3.3 max
3.3 max
3.3 max
3.3 max

Vent Port Flow {scim)

Test Condition Measurement

Heljum Control Solenoid On
Ignition Phase Solenoid On
Mainstage Solenoid -On

Lo
O~y

Final Helium Concentration Check

Limits

* 20 max

20 max
20 max

He. Concentration (%)

Location Reading
10X Tank Top 100.0
LOX Tank Bottom 100.0
LHy Tank Top 99.6
LH, Tank Bottom 99.9

ILimits

99 min
99 min

99 min
99 min



4.2 Postfire Stage Checkout

Six '‘postfire procedures were conducted on the stage at Test Stand Beta .I
following the static acceptance firing, after which the stage was removed and
placed in storage at S8TC. The postfire checkout procedures are described in

paragraphs 4.2.1 through 4.2.6.

4.2.1 Stage Power Setup (1B59496 D)

Prior to initiation of automatic postfire checkouts for the stage on Test

Stand Beta I, the automatic stage power setup procedure verified the capability
of the GSE automatic checkout system (ACS) to control power switching to and
within the stage, and ensured that the stage distribution system was not sub-—
jectéd to excessive static loads during setup sequences. After successful
deﬁonstration, this procedure was used to establish initial conditions during

’subéequent postfire automatiec stage checkouts.

'This checkout was successfully accomplished on 26 June 1967, and was accepted

on the same date. Stage power setup measured values were as shown in Test
Data Table 4.2.1.1.

The test started by resetting all matrix magnetic latching relays and verifying
that the .corresponding command relays were in the proper state. The umbilical
connectors were verified to be mated, and plugs 404W26FP1l and 404W27P1 were
verified to be discommected from the LOX and 1H,; inverters. The bus 4D119
talﬁback power was turned on and the prelaunch checkout group power was turned
off, The forward and aft power buses were transfered to external power. The
sequencer power, the engine control bus power, the engine ignition bus power,
the APS bus 1 and bus 2 power, and the propellant level sensor power, were all
vérifigd to be off. The power to the range safety recelvers and EBW firing
units was transfered to external and verified to be off. The switch selector
checkout indication énable and the flight measurement indication enable were
both turned on. The bus 4D131 28 vdec power supply was turned on and the

forward bus 1 initial current and voltage were measured.

The range safety system safe and arm device was verified to be in the safe
condition. Twenty-seven switch selector functions were then turned off and
four were turped on. The forward bus 1 quiesant current was measured, power

was turned on to the PCM system group, and its current was measured.
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4,.2.1 (Continued)

After closing the cold helium supply shutoff wvalve, the bus 4D111 28 wvde
supply was turned on and the aft 1 power supply current and voltage were
measured. The sequencer power was then turned on and the aft bus 1 power
supply current was remeasured to compute the current drain. Wext, the

bus 4D121 28 vdc power supply was turned on and the forward bus 2 power
supply current and voltage were measured. The forward bus 2 power -was then

turned on to the prelaunch checkout group and its current was measured.

The RACS system run mode was turned on, and, after verifying that the forward
and aft battery load tests were turned off, the DDAS ground station source
select switch was manually set te position 1 and the ground station was veri~
fied to be in synchronization. A series of checks then verified that stage
functions were in the proper state. Forty-one functions were verified‘to be
c¢ff and twenty were verified to be on. The LOX and LHy prevalve and chill-
down shutoff valves were verified to be open, and the LOX and LHy vent valves

and £ill and drain valves were verified to be closed.

The final operations of this automatic procedure measured the forward and
aft 5 volt excitation module voltages, the range safety EBW firing unit
charging voltages, the aft bus 2 voltage, the forward and aft battery simula-

tor voltages, and the component test power voltage.

There were no malfunctions indicated and no FARR's were written as the result

of this test.

Two revisiens were made teo the procedure as follows:

a. _ One revision authorized a FILADD change to the program tolerance
for the prelaunch checkout group current, The tolerance was
changed from 8 #4 to 4 +4 amps. The tolerance of 8 +4 amps was
considered a program error, because normal current draw for the
prelaunch checkout group cen be as low as 2 amps.

b. One revision deleted the statement, “"At completion of the test,

’ the line printer will print out total time and/or cycles.”" The
tetal switch selector cycles will be obtained at the end of the
work shift, and will be retrieved via typewriter.



4,2.1.1 Test Data Table, Stage Power Setup

Function . . - . ; - Measurement ~ Limits
Forward: Bus 1 - Initial Current (amps) : . . 1.60 20 max
Forward Bus .1l Voltage (vde) . 28.40 28 %2
Forward Bus 1 Quiescent Current’ (amps) C 1.60 "' 5 max.
PCM System Group Current - (amps) . 3.80 5 43
Aft Bus 1 Power Supply Current (amps) 0.30 2 max
Aft Bus 1 Voltage (vdc) : : 28.48 T 2842
Sequencer Power (amps) .- 0,10 . x3.max -
Forward Bus 2 Power Supply Current (amps) o 0.70 ‘ 2 max
Forward Bus 2 Voltage (vdc) 27.76 28 +2
Prelaunch Checkout Group Current (amps). - - 0,20 4 +4
. Aft 5 Volt Excitation Module Voltage (vdc). 5.02 © 5.0 £0.030
Fwd 1 5 Volt Excitation Module Voltage (vde) 5.00 5.0 £0.030
Fwd 2°5 Volt Excitation Module Voltage.(vdc) 4.99 - 5.0 £0.030
RS 1 ERW Firipg Unit Charging Voltage (vdce) 0.00 0+l
RS 2 EBW Firing Unit Charging Voltage, (vdc) 0.00 0%l
Aft Bus 2 Voltage (vdc) - 0.00 0+l
Forward Battery 1 Voltage (vde) : 0.08 0 +1
Forward Battery 2 Voltage (vde) ) 0.00 0+l
Aft Battery 1 Voltage (vde) e 0.00 0 +1
Aft Battery 2 Voltage (vdc) 0.00 0 £l
Component Test Power Voltage (vde) - - 0.56 0 +1

4 2.2 Stage Power Turnoff {1B59497 D)

The stage power turnoff procedure was used for automatic shutdown of the stage
power distribution system, returnlng the stdge to the demenerglzed condlploq
after completion of the various system checkout procedures, ourieg postiire
testing of the stage on Test Stand Beta I. ‘The prdcédure Qe;actiﬁated stage
rélays so that no current flowed from the battery simuletore throﬁéh the sEage

wiring. All internal/external transfer relays were set to the external condition.

Satisfactory demonstratlon of this procedure was accompllshed and accepted on
26 June 1967. Stage power turnoff measurement values for this demonstratlon
issue are tabulated in Test Data Table 4.2.2.1. Following this test, thé stage
‘power turnoff procedure was used to shutdown the stage at the conclusion of

‘variotis automatic checkouts conducted during Beta I postfire operatioms.

1

The .altomatic stage power -turnoff started with a verification that the umbili-
cal connectofs -were mated and that-the flight meesprement indication enable
,wde.curned on. The bus 4D119 talkback power, the forward. bus 1 and aft-bus 1
28 vdc power supplies, and the sequencer power, were all verified to be on.

The forward bus 1 and aft bus 1 voltages were then measured.

127



-128

4.2,2 (Continued)

The switch selector functions were then tqrneﬁ off, and a series of checks
verified that the stage electrical functions were in a proper staté of .off or
reset. The forward and aft bus power supplies were verified te be off and
the forward and aft bus battery simulator voltages were measured. . The stage
buses were then transfeérred to external power, and the forward and aft stage-
bus voltages were measured. The EBW pu;se sensor fower-wgs 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 4D119 talkback power was turned off. The matrix magnetic iatching

relays were then reset, completing this demonstration rum for stage power turnoff.

There were no discrepancies recorded by FARR's against the test. One revision
was made to delete the requirement for printout of time and cycle data.

This data is retrieved via the typewriter at the end of each Shlft.‘

4.2,2,1 Test Data Table, Stage Power Turnoff

Function ) Measurement Limits
Forward Bus 1 Voltage, Power On (vdc) 28 .44 28 42
Aft Bus 1 Voltage, Power On (vdc) 28.40 - 28 +2
Foxward Bus 1 Battery Simulator Voltage (vdc) 0.00 0 £2
Forward Bus 2 Battery Simulator Voltage (vdc) 0.08 0 42
Aft Bus 1 Battery Simulator Voltage (vdc) : 0.00 0 +2
Aft Bus 2 Battery Simulator Voltage (vdc) 0.08 S0 %2
Forward Bus 1 Voltage, Power Off (vdc) 0.16 0 £1.0
Forward Bus 2 Voltage, Power Off (vde) - . 0.04 ‘0 1.0
Aft Bus 1 Voltage, Power Off (vdc) 0.04 0 £1.0
0 +1.0

Aft Bus 2 Voltage, Power Off (vdc) ©0.00

4.2.3 -Final Propulsion System Leak Check (1B70175 D)

Final leak checks for the stage propulsion system were conducted after the
acceptance firing to certify the integrity of the stage systems., The primary

purpose of the final postfire leak check was to test for any external leakage

‘that could occur as a result of system disturbance during postfire checkout.

Examples of system disturbances requiring a repeat of external leak ‘checks
included removal and replacement of instrumentation, replacement of malfunc-
tioning components, and plumbing connections required to facilitate postfire

checkouts.



4.2.3 (Continued)

Initiated on 26 June 1967, the checkout was completed on 30 June 1967, and was

certified as acceptable on 5 July 1967. Recorded measurements are listed in
Test Data Table 4,2.3,1.

After a preliminary test equipment setup, the stage ambient helium system leak
checks ﬁere conducted. The pneumatic control sphere and the LOX and LH,
ambient repressurization spheres were pressurized to 1450 +£50 psia; with the
control regulator discharge pressure set at 515 %50 psig. All portions of the
system were checked for external helium leakage with a helium leak detector or
LOX compatible bubble solution, AMS 3159, 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 leakage, No leaks were detected.

After 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 950 450 psig, and checking all plumbing for external leakage

with a helium leak detector. No leaks were detected.

The LOX and LH; tank assembly pressure decay checks were conducted next.

These were accomplished by closing all engine supply valves to maintain static
helium pressure in the tank assembly, and monitoring amy loss in tank pressures
over a 30 minute period, The pressure requirements were 15 +0, -1 psig for

the LOX tank and 9 +1, -0 psig for the LH2 tank. Prior to the pressurization,
gas samples were taken from both tanks and analyzed for percentage of helium

gas. The results of the helium concentration check and the pressure decay

check for the LOX and LH2 tank assembly are listed in the Test Data Table.

While maintaining the LOX tank helium pressure at 15 +0, -1 psig, the LOX
propellant supply line (low pressure duct) to the J-2 engine was pressurized
with helium at 15 to 30 psié. The entire LOX propellant supply system,
recirculation system, and tank fill 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 FU wvalve,
the main shutoff wvalve (MOV), the ASI valve, and the gas generator oxidizer
circuitry terminating at the gas generator oxidizer valve. No external

leakage was recorded for the LOX system,
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After venting the LOX low pressure duct, the LH, low pressure duct (propellant)
supply to the J-2 engine was pressurized with helium at 10 to 30 psig while

maintaining LOX and LH, tank pressures at 10 to 15 psig and 10 +0, -1 psig,

2
respectively. The LHy system from the LH, tank through the J-2 engine was
then checked for external helium leakage similarly to the LOX system pre-

viously described. No external leaks were detected.

The J-2 engine control sphere was then pressurized to between 225 and 250 psig
in preparation for the engine pneumatic system leak checks. Leakage rates as
measured at the pneumatic control module common vent port were within the
acceptable limits, as listed in the Test Data Table. The engine control

sphere pressure was set at 1440 +40 psig for the pneumatic control high
pressure retention tests. After allowing the control sphere pressure to
stabilize for 1 hour, the sphere temperature énd pressure were measured and

used to calculate the sphere helium mass, This was repeated 1 hour later to
obtain a calculated engine control sphere-helium mass decay rate of 0,0 pound-
mass/hour, which was acceptable based on an allowable decay rate of 0.036 pound-

mass/hour.

The LH2 and LOX tanks and engine systems were then purged in preparation for
stage storage. The engine checkout system was opened, and the engine pro-
pellant system was purged for 15 minutes through the gés generator bleed valves
and chilldown return line, and fhen through the main oxidizer valve out the
thrust chamber., The LOX dome, the LOX gas gemerator injector, and the engine

start tank were then purged for 15 minutes.

The LOX and LH» tanks ahd the engine start tank were vented to ambient. The
thrust chamber and exhaust system were purged until a moisture sample
indication of 7500 ppm was obtained. The thrust chamber purge was then
secured and a desiccant unit was installed. The moisture concentration in the
LOX and LHy tanks was recorded as less than 750 ppm. Desiccant units were

installed in the LOX and LH; tanks and the stage was ready for storage.



4.2.3

{Continued)

There were thirty-two revisions written to the procedure for the following:

e

" b.

Twelve revisions deleted steps that were no longer required, or that
applied to S-V stages or to prefire checkout.

Two revisions changed test point callouts to obtain umbilical
readouts for the main oxidizer valve, the main fill valve, the LOX
low pressure duct, and the LHs low pressure duct.

Two revisions zdded and outlined the steps required to pérform
prestorage purges of the J-2 engine to meet Rocketdyne gtorage
requirements.

Two revisions changed part number callouts to match the latest
configuration.

One revision authorized the installation and subsequent removal of a
burst disk assembly, P/N 1B35826-1, between the LH, vent hose and the
facility interface, to leakcheck the facility flex hose.

One revision deleted time cycle requirements for the ambient
helium spheres.

One revision raised the maximum allowable leakage for the pneumatic
actuation control module from 1.2 to 6.0 scim.

One revision authorized disconnecting and subsequently reconnecting
the pneumatic power control module connector, 404W2P30, to prevent
venting of the engine start tank while personnel were in the engine
area.

One revision added new leak check points to a previous revision.

One revision lowered the stage 1 system pressure from 950 +50 psia ‘to

250 #50 psila for personnel safety,

One revision authorized temporary disconnection of pipe assembly,
P/N 1B58808-1, from pipe assembly, P/N 1B62912, to prevent over-
pressurization of the LHs; vent system. This revision also contained
a provision for a return to the original configuratiom.

One revision added Eequirements for helium concentration checks to
be made on the LOX and LHy tanks.

One revision authorized the performance of a torque check of the LOX
prevalve coupling.

One revislon changed the sequence of a tesi to provide a higher
degree of accuracy.

One revision added requirements for an engine ccntrol sphere pressure
retention test,

One revision deleted steps that were to be accomplished on a later
revision.

One revision deleted a previous revisiom.

One revision corrected a procedural error.
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4.2.3.1 Test Data Table, Propulsion System Leak Checks

LOX and LH, Tank Helium Concentration
N

He Concentration (%)

Location Reading Limits
L0X Tank Top ) 96.97 75 min
LOX Tank Bottom 94.55 75 min
LHy Tank Top 99,19 75 min
LHy Tank Bottom 91.91 75 min

LOX and LH, Tank Pressure Decay Test
A

Function Initial Final
LOX Tank Pressure (psig) 14 14
LHy Tank Pressure (psig) 9 9

Stage Control Helium Sphere Pressure Decay Test

Function Initial Final
Control Sphere Pressure (psig) 675 675

Engine Pneumatic Leak and Functional Checks

Leakage (scim)

Test Condition ’ Measurement Limits
Pneumatic Control Package

Mainstage solenoid valve On 4.8 20 max
Pneumatic Control Package ‘ '

Bleed Poppet Installed . 8.4 20 max

Final Moisture Content Check

Moisture (ppm)

Location . Reading Limits
LOX Tank Top 520 750
LOX Tank Bottom 740 750
LH9 Tank Top 200 750
LH2 Tank Bottom 600 750

4.2.4 TIntegrated Systems Test (1B59514 E)

This postfire automatic checkout verified the design integrity and operatiomnal
capability of the S-IVB stage and facility systems which were fuﬁctional during

propellant loading and static acceptance firing.

The automatic and manual test sequences performed during this checkout were

conducted on 28 June 1967, and were accepted on 6 July 1967.
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4.2.4 (Continued)

The stage power setup established initial conditions and. systematically

applied power to the stage buses and systems required 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 wvalues. All console and sled valves used in the propellant loading

and static acceptance firing were cycled, and the heat exchanger was functioned.

The telemetry and DDAS systems were tested next, with the PCM transmitter
operated open loop. The telemetry 5 step calibration, the high and low RACS,
and special calibrations of flows, speeds, and frequencies were commanded to
provide verification of all calibration techniques. The parameters on the
CP1-BO and DP1-BO multiplexers znd remote analog and digital submultiplegers,
which were required for loading or firing, were verified by receipt of proper
response through open loop PCM transmissions. At the conclusion of DDAS, the
output was again received by the 600 Hz VCO. During the CP1-B) multiplexer
test, thirty-seven funcFions were verified to ba off while sixteen were on.
The DP1-BO multiplexer test section verified that nine functions were off and
thirteen were on. Measurements recorded for the multiplexer tests are listed
in Téét Data Table &4.2.4.1.

The torch and water test was performed satisfactorily. Following setup of

the console QHZ supply, the GH, igniters, the diffuser water, the deflection
plate water, and the aspirator water were functioned ip acceptance test
sequence. This series of events verified that proper water pressures and torch

ignition signals were received.

The stage valve functional checks were next. The 1H, and LOX #ent valves and
fill and drain valves were opened and closed, while the valve operating times
?ere measured. The LOX and LH2 preﬁélves and chilldown shutoff valves were
closed and opened, while the operating times were measured. Valve operating

times are ligted in the Test Data Table.

133



134

4.2,.4 (Continued)

Engine gimbal testing followed the stage valve functional tests. The auxiliary
hydraulic system was operated while proper pressures and levels were verified
prior to restrainer link disengagement. A step gimbal signal, and 1/4 and 1/2
degree sinusoidal inputs at 0.6, 5, and 7 Hz were applied to the J-2 engine
hydraulic pitch and yaw actuators., The recorded gimbal data is shown in the

Test Data Table.

A final dry sequence of the J-2 engine was conducted through the use of
simulation commands for ASI ignition and mainstage, to verify the proper

operation of the engine, as well as of the ESCS spark monitoring circuitry.

The ullage rocket ignition and jettison EBW units were functiomally certified

by charging the units and firing them into pulse sensors.

The overfill point level sensors and depletion point level sensors were proven
to operate satisfactorily by cycling the sled main fill and replenish valves,
with the operation of 2-out-of-3 depletion semnsors verifyiné the cutoff logic
operation. In addition, the capability of the EDS 1 and EDS 2 systems to cutoff

the engine lockout component test power and engine lockout GSE power was proven.

The propellant utilization system test was a check of the inverter—converter
outputs, followed by cycling the PU mass bridge while creating ‘positive and

negative error signals for verification of the engine PU valve position.

The stage bus internal power was set up by the use of secondary battery power.
The forward internal/external cycle was completed while switching normal
telemetry current on forward bus 1, and PU current on forward bus 2. Following
the APS and range safety functional check, aft bus 1 was cycled internal/

external while the stage ambient and APS currents were measured.

There were no discrepancies documented by FARR's as a result of integrated
systems testing. All problem areas were resclved by the thirty-three revisions

recorded in the procedure as follows: -

a. Eleven revisions concerned correction of TRD and program errors.

b. Four revisions updated the program to conform to current requirements.



4,2.4

C.

< i.

i

(Continued)

Four revisions added, modified, or deleted manual test setups

required prior to automatic testing.

One revision entered the necessary PU constants into the program.

One revision added the required J-2 engine transducer calibration
data into the program.

One revision deleted the LOX and LHs chilldown inverter voltage and

frequency checks., The inverter load simulators had not been reworked
in time for use during the integrated systems test. The inverter
checks were rescheduled for poststorage checkout.

. - Four revisions attwxibuted SIM interrupts and a channel 7 lockout to

operator setup exrror.

' Two revisions concerned out-of-tolerance GSE valve measurements not
. applicable to the stage hardware.

One revision entered the ambient temperature inte the program as
requested by the computer.

Three revisions concerned out-of-tolerance measurements for measurement
numbers D050 and DO54. These were expected since the transducers had
been previously rejected on FARR's A255206 and A251588, and were_
scheduled for poststorage replacement and checkout.

One revision deleted propellant tank pressurization during the test,
because the tanks were on desiccant checks follow1ng rework of LOX
prevalve leakage.

Engineering status review indicated that two non-flight transducers were

installed on the stage for interim use during this test. These were measure-
ment D576, P/N 1A72913<53%, LH, tank pressure; and the Rocketdyne J-2 engine-
ignition detection probe, P/N NA5-27298-T2,

4,2,4.1 Test Data Table, Integrated Systems Test

CP1-BO Multipliexer Ambient Measurements and High and Low RACS Voltages

Meas
No.

D016
D016 .
DOL6 .
D177
D178
MO68
M068
MO68

Function Measurement Limits
Hi RACS Test 3.994 vde 4,000 +0.100 vdc
Lo RACS Test 0.964 vdc 1,000 £0,100 vde
. Amb Output =54.419 psia 14,700 #+70.000 psia
Amb Output 14.917 psia 14.700 %1,000 psia
Amb Output 14.706 psia 14,700 £1,000 psia
"Hi RACS Test 3.999 vdc 4,000 £0.050 vde
Lo RACS Test 0.005 vde 0.000 £0.050 wvde
Amb Output 4,979 vde 5.000 *0.050 vde
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4.2.4.1 {(Continued)

Meas .

No. Function Measurement Limits
MO24 Hi RACS Test 4,005 vde 4,000 +£06.050 vde
MO24 Lo RACS Test 0.010 vdc 0.000 £0.050 vdc
MO24 Amb Output 4.987 vdc 5.000 £0.050 vde
MO025 Hi RACS Test 3.999 vde 4,000 £0.050 vde
MO25 Lo RACS Test 0.000 vde 0.000 £0.050 wvdc
MO25 Amb Output 5.016 vde 5.000 £0.050 wvde
D043 Amb CQutput 2421.938 psia 2350.000 £125.000 psia
DO18 Hi RACS Test 4.138 vde 4,152 10.100 wvde
D018 Lo RACS Test 1.158 wvde 1.169 £0.100 vde
D018 Amb Output 16.084 psia 14.700 215,000 psia
DO17 ) Hi RACS Test 4,051 vde 4,053 £0.100 vde
DO17 Lo RACS Test 1.056 vdc 1.047 £0.100 vdc
D017 Amb Output 19.743 psia 14.700 +30.000 psia
D019 Hi RACS Test 4.020 vde 4,019 £0,.100 vde
DO149 Lo RACS Test 1.020 vde 1.013 £0.100 vde
DO19 Amb Qutput 23,617 psia 14.700 £70,000 psia
D160 Hi RACS Test 3.984 vdc 4,000 +0.100 vde
D160 Lo RACS Test 0.994 vdc 1.000 £1.000 vde
D160 Amb Output 31.782 psia 14,700 £70.000 psia
Di79 Amb Output 14,633 psia 14.700 £1.000 psia
D180 * Amb OQutput 14,897 psia 14,700 £1.000 psia
G001 Amb Qutput -0.504 deg -0.300 £0.400 deg
G002 Amb Output 0.083 deg 0.300 £0.400 deg
D225 Hi RACS Test 3.979 vde 4.000 £0,100 vde
D225 L.o RACS Test 1.046 vde 1.000 +£0.100 vde
D225 " Amb Output 10.228 psia 14.700 £10.00 psia

DP1-BO Multiplexer Ambient Measurements and High and Low RACS Voltages

Meas
No. Function Measurement Limits

D016 Hi BACS Test 3.989 wde . 4.000 +0.100 vde
pol6 Lo RACS Test 0.969 vde 1.000 £0.100 vdc
DOlé - Amb OQutput . =50.600 psia 14.700 £70.000 psia
D177 Amb Output 14.917 psia 14.700 £1.000 psia
D178 Amb OQutput 14,768 psia 14,700 +1.000 psia
D054 Hi RACS Test -0.123 vde® 4.000 +£0.100 vdc
D054 Lo RACS Test ~0.123 wvde* 1.000 +£0.100 wvde
D054 Amb Qutput 104.645 psia* 14.700 +2,000 psia
MO68 ) Hi RACS Test 3.999 vde 4,000 £0.050 vde
MO68 Lo RACS Test 0.005 vdc 0.000 £0.050 wvde
MO68 Amb Qutput 4.978 wde 5.000 £0.050 vdc
MO24 Hi RACS Test 4,010 vde 4,000 40,050 vdce
MO24 Lo RACS Test 0.005 vdc 0.000 +£0.050 vde

* Qut-of-tolerance, Ref revision j
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4,2.4.1

Meas
No.

MO24
MO025
MO25
M025
DOl4
D050
D103
D105
D105
D105
€051,
co51
€051
D018
D018
D018
D017
Do17,
DoLl7
D019
D019 -
D019
D160
D160
D160
p179
D180
MO06
MOQ7
co01
Co01
co01
€002
c002
c002
Cc006
€006
C006
c199
€199
€199
c138
€138
c138
G001
G002

(Continued)

Function

Amb Output
Hi RACS Test
Lo RACS Test
Amb Output
Amb Qutput
Amb Output
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
Hi RACS Test
Lo RACS Test
Amb OQutput
Hi RACS Test
Lo RACS Test
Amb Output
Hi RACS Test
Lo RACS Test
Amb Output
Amb Output
Amb OCutput
Amb Output
Amb CQutput
Hi RACS Test
Lo RACS Test
Amb Output
Hi RACS Test
Lo BACS Test
Amb Output
Hi RACS Test
Lo RACS Test
Amb Qutput
Hi RACS Test
Lo RACS Test
Amb Qutput
Hi RACS Test
Lo RACS Test

" Amb Output

Amb Output
Amb Qutput

Measurement

4,986 vde
3.999 wvde
0.010 vde
5.016 vde
17.729 psia
-6.383 psia*
15.384 psia
4,071 vde
1.051 vdc
20.048 psia
4.005 vde
-0.005 vdc
85.076°F
4,138 wvdc
1.148 vde
15.320 psia
4,051 vde
1.056 vde
19.743 psia
4,020 vde
1.020 vde
23.617 psia
3.989 vde
0.994 vdc
31.782 psia
14.695 psia
14.897 psia
28.122 wvde
0.000 vdc
3.989 vde
0.000 vde
87.711°F
3.9%4 vde
0.000 vdc
80.479°F
4,025 vde
0.000 vde
86.367°F
4,025 wvde
=0.005 vde
88.539°F
3.989 vde
0.000 vde
83.111°F
-0.488 deg
0.362 deg

* Qut-ovf-tolerance, Ref revision j

Limits

5.000
4.000
0.000
5.000
14.700.
14.700-
14.700
4,000
1.000
14,700
4,000
0.000
84.000
4,152
1.169
14.700
4,053
1.047
14.700
4.019
1,013

14,700

4.000
1.000
14,700
14700
14,700
28.000
0.000
4,000
0.000
84.000
4.000
0.000
84.000
4,000
0.000
84,000
4,000
0.000
84.000
4.000
0.000
84.000
-0.300
0.300

+0.050 wvdc
40.050 vdce
+0.050 vdc
0,050 vde-
+13.000 psia
+3.000 psia
%3.000 psia
+0.100 vdc
40,100 wvdc
+10.000 psia
+0.074 wde
+0.074 vde
+15.000°F
+£0.100 vde
+0.100 vdc
+15,000 psia
+0.100 vde
40,100 wvde
+30.000 psia
+0.100 vdc
+0.100 vde
£70.000 psia
+0.100 vde
+0.100 vde
+70.000 psia
+1.,000 psia
+1.000 psia
+2.000 vde
+1.,.000 vde
+0.074 vdc
+0.074 wdc
+72,000°F
+0,074 wvde
+0.074 wvde
+48.000°F
+0.074 vde
+0.074 vdc
+18.000°F
+0.074 vde
+0.074 vde
+21.000°F
+0.074 wvde
+0.074 vde
+16.000°F
#0.400 deg
+0.400 deg

137



4.2,4.1 (Continued)

Valve Functional Check

Valve Function Measurement
LH, Vent Valve Open Time (sec) 0.126
Close Time (sec) 0.407
LOX Vent Valve Open Time (sec) 0.126
Close Time (sec) 0.331
LHy Vent Valve Open Time (sec) 0.098
Close Time (sec) .381
Open Time (sec) 0.096
Close Time (sec) 0.216
LOX Vent Valve Open Time (sec) 0.094
. " Close Time (sec) 0.303
Open Time (sec) . 0.097°
Close Time (sec) 0.204
LHy Fill & Drain Valve " Open Time (sec) 0.364
Close Time (sec) 2.021
Open Time (sec) 0.345
Close Time (sec) 0.938
LOX Fill & Drain Valve Open Time (sec) 0.299
- Close Time (sec) 1.868
Open Time (sec) - 0.278
Close Time (sec) 0.890"
LH, & LOX Prevalves Close Time (sec) 0.561
' Open Time (sec) 2.076
LHy & LOX C/D Shutoff Valves Close Time (sec) 0.196
Open Time (sec) 0.969
LH2 & LOX Prevalves Close Time (sec) 0.513
. Open Time (sec) 2.054.
LHy & LOX C/D Shutoff Valves Close Time (sec) 0.162
) Open Time (sec) 0.942
LH2 Directional Vent Valve Flight Position (sec) 0.184
Ground Position (sec) 1.199

Engine Gimbal Step Commands with Engine Restrainer Links

Excitation (wde) T/M Position (deg) IU Position (deg)

Position Commands Pitch Yaw Pitch Yaw Pitch Yaw
0° pitch - 0° yaw -0.15 5.00 -0.10 -0.03 -0.10 ~0.06
1° pitch - 0° yaw 6,35 -0.15 0.77 -0.01 0.78 -0.03
0° pitch - 0° vyaw -0.20 -4.65 -0.13 -0.03 -0.10 -0.06
1° pitch - 0° yaw -6.80 ~4,55 -1.05 -0.01 ~1.06 -0.03
0° pitch - 0° yaw -0.25 2.50 -0.13 -0.01 -0.15 ~0.06
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4,2.4.1

{Continued)

Excitation (vdce)

T/M Position {(deg)

IU Position (dep)

Position Commands Pitch
0° pitch - 1° yaw ~0,20
0° piteh - 0° yaw ~0.20
0° pitch - 1° vaw -0.15
0° pitch - 0° yaw ~-0.20

Yaw

~6,55

0.00

6.70 -

0.10

Pitch

~(.10
-0.10
~0.10
-0.08

Yaw

-0.
0.00

1.
-0.

Engine Gimbal Step Commands, Restrainer Links Dropped

Excitation (vde)

T/M Pogition {(deg)

83

02
01

Pitch Yaw
-0.09 -0.86
-0.10 -0.01
-0.09 - 1.00
-0.09 -0.03

IU Position (deg)

. Posit}on Commands Pitch Yaw Piteh Yaw Pitch Yaw
0° pitch -0° vaw ~0.15 0.05 -0.10 ~0.03 -0.12 ~0.04
1% piteh - 0° yaw 6.50 0,05 0.86 -0,03 0.86 -0.06
0° pitch - 0° yaw ° -0.,25 0.05 -0.14 -0.03 ~0,13 ~0.06
1° pitch -~ 0% yaw ~6.90 0.05 -1.10 -0.03 -1.09 -0.06
0°_pitch - 0° vaw ~0.25 0.05 -0.11 -0,03 -0.12 -0.06
0° pitch — 1° yaw -0.15 -6.65 ~0.10 -1.05 -0.09 -1.06
0° piteh - 0° yaw ~0.20 0.05 -0.10 0.02 -0.09 -0.01
0° piteh - 1° yaw -0,15 6.70 -0,10 1.02 -0.09 . 0.99
0° pitch — 0° yaw -0.25 0.10 -0.08 -0.01 -0,09 -0.06
Engine GimeL Frequency Response

Axis & Desired Actual Time Lag Phase Lag Cycles Sample

Ampl Freg (Hz) Freq (Hz) (sec) (deg) Gimb'd Time (sec)

Pitch 0.25 deg 0.60 0.57 0.864 -176.133 3.07 2,515
- * 5,00 4,95 0,063 -~112.852 14.66 2.514
7.00 6.97 0.045 -112,500 19.92 2.512

Yaw 0,25 deg 0.60 0.57 0.085 17.227 4.08 2.517
5.00 4,97 0.033 59.414 15,91 2.515

7.00 6.92 0.016 38.672 21,02 2.515

Pitch 0.50 deg 0.60 0.57 0.831 -169.453 3.07 2.516
5.00 4.97 0.053 -94,219 14,73 2,521

7.00 6.97 0.040 -100.195 19.91 2.512.

Yaw 0.50 deg 0.60 0.57 0.064 13.008 4,07 2.516
5.00 4.95 0.035 X 62.578 15.82 2.516

7.00 6.92 0.021° 53.438 20.94 2.520

4,2.5 Postfire Hyéraulic Systems Operating and Securing (1B41006 A)

Contained. in this procedure were the instructions necessary to obtain postfire

and poststorage closed loop fluid samples, and to prepare the hydraulic system

for removal of the stage from the test stand for shipment to the VCL.
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4,2.5 (Continued)

This procedure was initiated on 29 June 1967, and was completed on 30 June 1967.
Prior to the start of the checkout, the Model DSV-4B-358 hydraulic pumping unit
(HPU), P/N 1A67443-1, was flushed and checked for hydraulic fluid cleanliness,

then- connected to the stage hydraulic system by pressure and return hoses.

After the stage air tank was initially pressurized, the accumulator/reservoir

was pressurized to 2350 psig with nitrogen gas. Verification was made that all
components of the stage hydraulic system were securely installed, and that each
hydraulic comnection was properly torqued. All bleed valves.were verified to be

closed, and all signs of hydraulic fluid were rinsed from the external system.

A closed loop system fluid sample was obtained and found to be within the
cleanliness requirements. (Less than 1340 particles in the 10-25 micron range,
530 particles in the 25-50 micron range, 60 particles in the 50-100 micron

range, and 10 particles over 100 micronms.)

For the hydraulic system air content test, the system was pressurized to

3650 +50 psig, using the HPU. After 3 minutes, the HPU was ‘turnéd off and the
system pressuré was allowed to decay to 180 45 psig. Sufficient hydraulic
fluid was then drained from the system to reduce the system pressure to 80 +5
psig. The amount of fluid drained was verified to be less than 16 milliliters,
indicating that filling and bleeding of the stage hydraulic system had been

satisfactorily accomplished.

The stage air supply bottle and the auxiliéry pump case were depressurized.
After complete depressurization of the pump case, the bleed plug was retorqued
and safetied. '

The GN2 accumulatorvwas depressurized, all auxiliary equipment was removed
from the hydraulic system, and all sample ports were capped. The actuator
midstroke locks were installed, the.accumulator/reservoir drain hose was
removed, and a plastic dust cover was insta'r,lled over the J‘:eservéi‘r low

pressure relief valve.

Engineering comments indicate that all parts were installled at the start of ~
the test. No problems were encountered and the procedure was accepted by

Engineering on 30 June 1967.



4,2,5 (Continued)
Two revisions were made to the procedure for the following:

a. One revision authorized the depressurization of the GN, accumulator
to ambient to allow removal-of the pitch and yvaw actuator delta-P
transducet, P/N 1A72914-1, per engineering instructioms.

b. One revision reran the closed loop system sample section to verify
system cleanliness after removal of the delta-P transducer.

4.2.6 Postfire Forward Skirt Thermoconditioning System Checkout (1B41883 A)

The forward skirt thermoconditioning system (TCS), P/N 1B38426~513, was checked

in preparation for shipment of the stage to the Sacramento Test Center Vehicle

Checkout Laboratory (VCL) for storage.

The procedure was initiated on 30 June 1967, with the Model DSV-4B-359
thermoconditioning servicer, P/N 1A78829-1, being disconnected from the
stage TCS.

The TCS was then drained of all water/methancl £luid by.pressurizing the TCS
with 32 %1 psig of GNp. When all fluid was drained from the 'TCS, a GN, purge
flow of 5 ¥1 psig was established and maintained for 2 hours to ensure that

the TCS was free of moisture and that the dew point was less than 44°F.

The TCS fluid supply and return ports were then capped with quick disconnects,

and the system was certified as secure on & July 1968.

I1S 364664 documented that the drying purge was operated for only 1 hour,
rather than 2 hours as required. The purge was re—established for 2 hours to

meet the requirements of this procedure.

Four revisions were made to this checkout for the following.

a, One revision deleted the requirement for TCS leak checks, as the

supply coupling, P/N 1B28430-1, was removed and a leak check will be
required on re-installation of the coupling.

b. One revision gave instructions to secure the TCS for the week end of
31 June 1967.

c. One revision re-established the GN, purge for 2 hours to clear IIS’
364664, .

d. Oné revision deleted the water/methanol cleanliness test, the specific
gravity test, the TCS delta-P test, and the final drying procedure,
as the stage was scheduled for an extended period of storage. All
deleted sections will be accomplished upon reactivation of the stage.
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' POSTRETENTION |




5.0 POSTRETENTION

The information in this section will be added 21 days after the stage is

shipped from STC.
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TESTING SEQUENCE




209 STC TESTING SEQUENCE

1967
MAR APR MAY JUN JUL

PARA PROCEDURE ol s erfensianhargse vnontanans :22&&zn:saﬁlf‘m"“ws:ﬁ5ﬁcszshaxnaahaa"~“}"‘“=*° SEREE PETL IR A
VCL PREFIRE TESTING

411 1B40645 STRUCTURAL INSPECTION - . o - ] S o

41.2  1B59768 UMBILICAL I/F COMPATIBILITY = | | I

413 1B70773 PROP SYST LEAK CHK Ewas o (D @

41.4 1B595% STG POWER SETUP -

415 1B57599 FWD SKIRT 7/C OPER & C/0 n "

416 1B70682 MANUAL CONTROLS CHK o "

417 1B59818 CRYO TEMP SENSOR VERIF =

4.1.8  1B64680 LEYEL SENS & CONT UNIT CALIB N .

419  1B41004 HYD SVST SERVICING ]

4170 1B41007 HYD SYST SETUP, OPER, & SECURE mpa N m

4111 1B59485 HYD SYST AUTO C/O m

4112 1B59593 DDAS CALIBRATION

4113 1B59591 STG POWER TURNOFF "

BETA [ PREFIRE TESTING

4.1.14 1B£4306 UMBILICAL I/F COMPATIBILITY n
4.1.15 1B59496 STG POWER SETUP ]
4.1.16 1B59497 STG POWER TURNOFF n
4.1.17 1B41955 FWD SKIRT T/COPER & C/0 |
41,18 1B70177 MANUAL CONTROLS CHK -
4,1.19 1B43146 CRYO TEMP SENSOR VERIF u

4,1.20 1B41005 HYD SYST SETUP, OPER, & SECURE =__ T

4,121 1B71877 PROP SYST LEAK CHK

4.1.22 1B59498 PWR DISTRIBUTION SYST n

4.1.23  1B&3147 T/M & RS ANTENNA SYST n

4.1.24 1B63148 LEVYEL SENS & CONT UNIT CALIB m m

4.1.25 1B49286 COMMON BULKHEAD YACUUM C/0 I B .

4.1,26 1B43373 PU SYST CALIBRATION ||

4.1.27 1B59504 PU SYST AUTO C/O n

4.1.28 1B627562 PROP SYST AUTO C/0

4.1.29 1B63149 SIGNAL CONDITIONING SETUP ]

4.1.30 1B59500 DDAS AUTO C/0 L

4,1.31 1B59514 [INTEGRATED SYSTEMS TEST —

4,1.32 1B70175 FINAL PROP SYST LEAK CHK .

BETA | POSTFIRE TESTING

4.2.1 1B59496 STG POWER SETUP

4.2.2 1B59497 STG POWER TURNOFF

4.2.3 1B70175 FINAL PROP SYST LEAK CHK

4.2.4 1B59514 INTEGRATED SYSTEMS TEST - >
4,25 1B41006 HYD SYST POSTFIRE OPER & SECURE

4.2.6 1B41883 FWD SKIRT T/CPOSTFIRE C/D -

ey aviial
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FARR NO.

A216721
2-15-67

A228138
10-25-66

A228559
2~-1-67

TABLE T.

DESCRIPTION OF DEFECTS

During postcheckout final inspection, it was
noted that 61 Deutsch bus modules, B/N's 1B57771
-577, -561, =569, =559, -565, and -563, were
suspected of being subjected to corrosion over
an extended period of time due to insufficient
primer between the polyurethane potting and the
unplated surface of the modules.

During receiving inspection checkout of the J-2
rocket engine, P/N 103826, S/N J-2083, at the
Space Systems Center, it was noted that .the fuel
turbine inlet temperature, channel 6 printout,
read 6,653 vde. The output of transducer,

P/N NAS-27323T3, S/N 1159, should have been
0.000 to 0.400 vde per 1RB55471.

During final acceptance checkout at the Space
System Center VCL, it was noted that the gas
generator pressure transducer, P/N NA5-27412T10T,
S/N 1383A, reference location 401-3MTP4, NASA
measurement number D10, exceeded the requirements
of Santa Monica Report SM46847. The noise level
should not have exceeded 2.5 percent in 1 second,
but was 2 to 3 percent for over 1 second.

OPEN FARRS RECEIVED FROM THE SPACE SYSTEMS CENTER

DISPOSITION

The discrepant modules were reworked per
salvage E.OC. 1357771—001 The rework
instructions were to clean the area
between the braze line and the potting
with M.E.K. The cleaned area was painted
with two coats of 1P20066 class 1 primer.
The modules were identified as P/N 1B37771
-001. fThe rework was acceptable to

engineering.

The discrepant transducer was removed and
a new unit, S/N 560, was installed. Cor-
rect operation was verified per digital
data acquisition checkout procedure
1B59500 D.

The condition was acceptable to engineering.
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FARR NO.

A218924
3-28-67

TABLE II. STAGE RECEIPT TO FORMAL COUNTDOWN INITTATION

DESCRIPTION OF DEFECTS DISPOSITION
The following discrepancies were noted during a, ¢, and e. All hardware was safety
receiving inspection: wired per DPS 13300. '
a. The thrust structure Schraeder wvalve on b. The fitting and surrounding area was
the hydraulic air bottle was not safety wiped clean with freon.

wired.
d. The cable clamps were installed per
b. The cover was not installed on the auxiliary blue print.
hydraulic pump port.

c. The two unions on the LOX pump were not
safety wired.

d. 8ix cable clamps for the 404A4W1l cable
assembly were not fastened to the mounting
assembly, P/N 1058189.

e. One bolt on each of the first three cold
helium bottles was safety wired backwards.
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TABLE II (Continued)

FARR NO. . . DESCRIPTION OF DEFECTS DISPOSITION
" A229846 During prefire checkout, the following Deutsch a through h. The discrepant contacts
4-A—67 connectors were found to be recessed out-of- were removed and replaced per DPS
: tolerance. The allowable tolerance was 0.065 54002~10,
40.015 in. ; .

a. Pin 10 of connecter PLl3, at location 410A1J6,
was 0.087 in. low.

b. Pin 5 of connector P5, at location élOAlJS;
was 0.082 in. low.

c. Pin 11 of compector P5, at location 41CALJTS,
was 0.048 in. low.

d. Pin 4 of connector P3, at location 410A1J7,
was 0.086 in. low.

e. Pin 10 of connector P12, at location 410A1J7,
was 0.045 in. high. .

f. Pin 10 of conmector P7, at location 424A5J8,
was 0.036 in. high.

g. Pin 10 of connector P10, at location 424A5J9,
was 0.039 in. high. '

h. Pin 11 of connector P10, at location 424A5J9,
was 0.034 din. high., .
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TABLE TI

FARR NOC.

A229848
lm667

A241922
3-10-67

A241979
4-6-67

A241980
4=17-67

A241985
5-1-67

A245444
4-7-67

(Continued)

DESCRIPTION OF DEFECTS

During prefire modification, two wire supports,
P/W's 1B57776-9 and 1B37428-51, on the signal
conditioning panel, P/N 1B55689-1, were found
to be broken. Reference locations were
411A61A201 and A206. .

During receiving inspection, it was noted that
the aft dust covey, P/N 1B61077-1, S/N 2, was
torn in several places.

Approximately twenty metal particles were found
in the Deutsch feedthrough connector during the
LOX laboratory rework of the LOX tank instru-
mentation probe, P/N 1A69275-507, S/N 07.

During the ambient temperature relief tests, the
cold helium £ill module, P/N 1B57781-501, S/N
0011, had a reseat pressure of 3195 psig. The
reseat pressure should have been 3200 teo 3500 psig.

During cleaning and checkout in the LOX laboratory,
it was noted that the cold helium £fill module,

P/N 1B57781+503, S/N 0031, had a cracking pressure
of 3180 psig. The cracking pressure should have
been 3200 to 3500 psig.

The pneumatic power control module assembly,
P/N 1B43657-509, S/N 016, malfunctioned twice
during checkout at the Space Systems Center
VCL., The regulator overpressurized and the
backup pressure switch picked up each time and
closed the control helium shutoff wvalve.

DISPOSITION

The broken supports were removed and
replaced.

The tears were repaired per B/P
regquirements.

The metal particles were satisfactorily
removed by utilizing pressurized nitrogen,
a lint free cloth, and freon PCA.

The defective module was removed and
replaced with a new unit, P/N 1B57781-503,
S/8 0031.

The discrepant part was sent to the Santa
Monica plant and tested per 1B57781 to
confirm the discrepancy. An adjustment
was made to the module to bring it within

specifications. The module was re-installed

on the stage.

The discrepant module was removed and a
new unit, S/N 022, was installed.
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TABLE IT

FARR NO.

A245445
4-21-67

A245446

4-21-67

A245447
4m-25-67

A245478
41467

A245479
4-17-67

{Continued)

DESCRIPTION OF DEFECTS

During prefire checkout, it was noted that three
level sensor control modules, P/N 1A68710-511,
8/N's D37, D58, and D29, were unstable, inter-
miftent, and could not be adjusted. -
The center contact ofapin ll in plug JL

of the level sensor module, P/N 1A68710-511,
8/N D76, was spread and caused an intermittent
reading during checkout.

During installation of the vent and relief valve,
P/N 1A48257-509, S/N 0043, it was noted that the
recessed area on the mounting flange was toog
small to allow installation of the valve. The
recessed area ,should have ‘been 1 in. minimum
diameter with a 0. 300 to 0.324 in. diameter hole
in the center. The recessed area was 13/16 in.
diameter, .

During an inspection line check, it was noted
that the rod ends of the actuator shafts of the
pitch and yaw hydraulic actuators, P/N 1466248
~501, S/N's 56 and 57, respectlvely, were dinged
around the periphery of the mid-stroke lock
installation (recessed) area. This damage was
due to the repeated removal and re~1nstallatlon
of the mid-stroke locks, - R
Durlng checkout in the Space Systems Center VCL
the pneumatlc power coptrol module, E/N 1343657

-509, 'S/N 016, maifunctioned twice. The regulator

overpressurlzed and the backup pressure switch
picked up each time and closed the control helium
shutoff wvalve.

DISPOSITION

The three discrepant modules were ramoved
and new units, S/N's D130, D91, and D76
were installed.

The dlscrePant module, S/N D76 was
removed and a new unit, S/N D88, was
installed.

The discrepant valve was returned to the
vendor for rework and a new unit, S/N
0047, was installed.

The scratches and gouges were deburred
using crocus cloth and handstones. After
rework the hydraulic actuators were
accepted for use,

.Lhe dlscrepant module was removed from the

stage and routed to the Space System -
Center Material Review Control Center for
further dispesitioni. The replacement part,
S/N 022, was installed per FARR A245444.
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TABLE IT

FARR NO.

4245481
4-21-67

A245484

4-264-67

A245486
4-24-67

A245487
42567

A245488
4-25-67

. (Continued) |

DESCRIPTION, OF DEFECTS

During the propulsion system leak and functlonal
checks it was noted, that the Ly pressure redun-
dant check valve, P/N 1B53920-201, S/N 051, had
a reverse leakage of 8400 scim. The maximum
allowable leakdge was 6000 scim.

During the propulSion system leak and functional
checks it was noted that pipe assembly,
P/N 1B64131~1, had a damaged flare mating surface.

The center contact of pln 1l in plug JL of the
level sensor module, P/N 1A68710-511, S/N D76,
was spread and caused an intermittent reading
during checkout.

During installation of the fuel tank vent and
relief valve, P/N 1A48257-509, S/N 0043, it was

‘noted that the.recessed area on the mounting

flange was too small to allow installation of
the valve. The recessed area should have been
1 in. minimum diameter with a 0.300 to 0.324 in,
hole in the center. The recessed area was
13/16 in. diameter.

During the propulsion system leak and functional
check, it was noted that pipe assembly,

P/N 1364131 1, had a, damaged flare mating
surface.

DISPOSITION

The discrepant valve was removed and a
new unit, S/N 040 was installed. The
new valve wag tested per 1B70773.

The discrepant pipe assembly was removed
and replaced with a new unit. System
integrity was verified pex 1B70773.

The defective module was removed from the
stage and a new unit, S/N D88, was
installed. The discrepant part was routed
to the vendor for repair of the noted pin.

The discrepant valve was removed and a
new unit, S/N¥ 0047, was installed.

The discrepant pipe assembly was removed
and replaced with a new unit.



€SL.

TABLE IT

FARR NO.

A245489
5-8-67

A245512
3-17-67

A245519
4-4-67

{Continued)

DESCRIPTION OF DEFECTS

During stage checkout the following discrepancies
were noted against the analog comparator,
P/N 1A86991-1, S/¥ 00313.

a. The comparator failed to trigger during the
SIM automatic procedure.

b. Potentiometer R-4 was loose and the printed
circuit pins were not making good contact
with the chassis connector.

The reliability of spot welds on the fix mount
sleegve, P/N 973500, of the LHy ihass sensor,
P/N 1A48431-505, S/N D1, were suspected of
faulty processing according to a Minneapolis
Honeywell TWX, dated 3-7-67.

The' following discrepancies were noted during
modifications: o

a, Plugs J1, J2, J3, J4, and J5 on the 1B57693
~501 panel, reference location 404A61A204,
were installed on the wrong side of the
mounting bracket. .

b. Connectors, P/N LB57771-551, and 1B57771
—-559, on the 1B51375-513 panel, reference

location 411A99A24, were not installed per B/P,

DISPOSITION

a and b, The potentiometer R-4 was
tightened and the unit retested. Mo
electrical malfunctions were found and
the comparator was accepted for use.

The LH? ‘mass sensor was removed from, the
stage, and the f£ix mount sleeve reworked
per salvage FO 1A48431-009, which installed
rivets in the spot weld areas. After
rework the mass sensor was re-installed

in the stage.

a and b. All connector mountings were
acceptable to Engineering.
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TABLE II (Continued)

FARR NO, DESCRIPTION OF DEFECTS DISPOSITION

!
A245520 During inspection surveillance the following a, b, and c. All items were acceptable
4j7-67 discrepancies were noted on the helium storage to engineering for use.

tank, P/N 1A49990~-505, S/N l4:

a. A 6.5 by 0.001 in. scratch at plane "A",
14 in. from the harness boss and between
270 and 300 degrees from the zero reference '
line,

b. Three parallel marks 10 by 0.0005 in.
ldcated 11 in. from plane "A", 6 in.
from the harness boss and between 45 and
95 degrees from the zero reference line.

c. A7 by 0,001 in. seratch 14 in., from
plane "B" 5 in. from the neck edge.

A245524 During. prefire checkout and setup, three The discrepant modules were removed and
4-20~-67 level sensor control modules, P/N 1A68710 new units, $/N's D130, D91, and D76 were
-511, 8/N's D37, D58, and D29 were unstable . installed.

and could not be adjusted.
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TABLE IT

FARR NO.

A251426
4-11-67

A251439
5-20-67

{Continued)

DESCRIPTION OF DEFECTS

During the prefire checkout the following items
were noted on the ambient helium sphere, .
P/N 1A49990-501-001, S/N 86: .

a. No evidence of proof test after reworking
per FARR A233767. The rework removed
0.0095 in. of material thickness, leaving
a total thickness of 0.3345 in. Minimum
thickness should be not less than 0.334 in.

b. ©No evidence of dye check to determine if
the original pit had been removed.

¢. The -001 part number (indicating that the
sphere passed the eddy current test) was
almost obliterated.

During prefire checkout it was noted that the
tap fitting port, P/N 1B29959-1, in the bulk-
head vacuum 'system was sealed with 1P20057
sealant.

DISPOSITION

a. A proof test was not required. Engi-
neering prohibits reproof testing of
spheres when material has not been
reduced below minimum thickness.

b. The reworked area was dyve checked and
no discrepancy was mnoted.

c. The sphere was re-identified -001 by
electro—chemical etching.

The tap fitting was removed from the stage
and the sealant was peeled off using MEK.
An inspection was made to ensure that the
mating parts in the stage were open. After
inspection and cleaning, the tap fitting
was re-installed per 1A39307.
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TABLE II,
FARR .NO.

A251440
5-22-67

A251441
5-22-67

A251442
5-23-67

(Continued)

DESCRIPTICN OF DEFECTS

The following discrepancies were recorded
against the LH, low pressure duct, P/N 1449320
-509, S/N 4, upper section:

a. The vacuum decayed from 8 microns to
200 microns in 48 hours. Maximum
allowable decay is 100 microns in
10 days.

b. A second 48 hour decay test indicated a
decay of 27 micromns.

¢. The third pump-down and decay test showed
the decay, over a 72 hour period, to be
within tolerance.

The LOX pressure module, P/N 1B42290-503,
S/N 0025, exhibited excessive leakage at
2500 scim through the cold helium shutoff
valve. Maximum allowable leakage is 375
scim,

After replacement by the vendor of a burst
dise and retainer, it was noted that the

LHy low pressure duct, lower section,

P/N 1A49320-511, S/N 36R, would not maintain
a vacuum. A decay test indicated a decay of
122 microns in 72 hours. Maximum allowable
is 100 microns  in 10 days.

DISPOSITION

The low pressure duct was accepted for' use.
The out~of-tolerance condition was due to
entrapped GNZ'

The discrepant module was removed from the
stage and routed to the 88C MRCC for
further disposition. A new unit, S/N 0037,
was installed,

After an additional pumpdown, the LH, duct
was accepted for use, Eutrapped GNy, used
by the vendor during rework, gave the
indication of leakage.
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TABLE II.

FARR NO.

A251488
4-26-67

A251493
5-1-67

{Continued)

DESCRIPTION 'OF DEFECTS

During a pin dimensional check per WR0-5-IV-B-
334B-R4 the following discrepancies were noted
against the Deutsch connectors, P/N D507-19-
25~9, on the 411Wll wiring harness. Measure-
ments.from tip of center contact to open end

of contact body should have been 0.065 +0.015 in.

a, Plug P2, Pin 10 was 0,113 in,

b. Plug P4, Pin 10 was 0.091 in,

c. Plug P10, Pin 11 was 0.089 in.

d. Plug P11, Pin-10 was 0.095 in,

e. Plug P12, Pin 10 was 0.041 in,

During a pin dimensional check per WRC-S-IV-B-
334B-R4 the following discrepancies were noted
against the Deutsch connectors, P/N 1B37872-513,
on the 404W208 wiring harness. Measurements
from the tip of the center contact to the

open end of contact body should have been
0.065 +0.015 in.

a. Plug P77, Pin 8 was 0.040 inches

b. Plug P77, Pin 9 was 0.102 irches

'DISPOSITION

The discrepant pins were removed and
replaced, with the exception of pin 10 in
plug P12, which was acceptable for use,

a, Pin 8 din plug P77 was acceptable for
use.

b. Pin 9 in plug P77 was removed and
replaced. ‘
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TABLE II.

FARR NO.

A251494
5-5-67

A251498
5~10-67

A251499
5-11-67

(Continued)

DESCRIPTION OF DEFECTS

During the propulsion system leak checks the LH
pressure redundant check valve, P/N 1B53920-501,
S/N 051, exhibited a reverse leakage of 8400
scim, the maximum allowable leakage was 6000
scim,

During instailation of the LH, tank manhole
mounting ring, it was noted that the ring
assembly, P/N 1A39301-1, S/N 4, did not have
a clearance hole drilled to accomodate the
Index pin on the mounting ring.

The following conditions were noted for the LH
mass probe, P/N 1448431-505, S/N D1, during
disassembly per 1A48431-505-00G:

a. The retaining pin, P/N 970353-6, was
installed with sufficient force to cause
"peeling" of the pin, and to prevent removal
of the pin without damage.

b. The split-sleeve, P/N 1989963-1, could not
be removed without using force, which
resulted in damage to the part.

¢. The KEL-F plug remained forced into half of
the split sleeve, P/¥ 1989963-1, This
should have been a loose fit,

d. The locking pin, P/N 97349~1, appeared to
have been sawed off and rough filed.

es The hollow end of the above part contained
a foreign rubber-like material.

DISPOSITION

The discrepant check valve was removed from
the stage and sent to the Space Systems
Center MRCC for investigation and final
disposition. A new check valve, S/N 040
was installed.

A blind clearance hole, 1/2 inch diameter
by 1/2 inch deep was drilled in the ring
assembly. The rework was acceptable for
use.

The discrepant LH, mass probe was removed
and a new unit, S/N D6, was installed.
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TABLE IT.

FARR NO.

A251516
5-12-67

A251537

" 5-17-67

A251538
5-17-67

(Continued)

DESCRIPTION OF DEFECTS

The following conditions were not acceptable
to AFQAR:

a. Indicated output of expanded scale module,
forward 2 (ME8), was 4.96 vdc and should
have been 5.00 vdc.

b. Indicated output of expanded scale module,
forward 1 (M24), was 4.97 vde and should
have been 5.00 vdec.

During flight critical items werification it was
discovered that the LHy chilldown check valve,
P/N 1B53920-503, §/N 042, was not identified
with the part number, dash number, or change -
letter.

During flight critical items verification 1t
was noted that the LHp chilldown check valve,
P/N 1B53920-~503, S/N 042, was not identified
with the part number, dash number or change
letter.

DISPOSITION

The discrepancy was resolved by changing
the CAT-1 calibration curve and the data
description tape curve from 4.5 to 5.5
vde to a corrected value of 4.52 to 5.52
vde. This change was acceptable to the
MRB for use.

The check valve was removed from the stage,
inspected for configuration; and identified
with the part number, dash number and change
letter per DPS 02303 "Electro-Chemical Etch".
After completion of treatment of the etched
area per DPS 41410 the part was cleaned per
MSFC-SPEC-164 and re-installed in the stage.

The check valve was removed from the stage,
inspected for configuration; and identified
with the part number, dash number and change
letter per DPS 02303 "Electro—Chemical Etch".
After completion of treatment of the etched
area per DPS 41410, the part was cleaned per
MSFC-SPEC 164, and re~installed in the stage.
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TABLE II., (Continued)

FARR NO. DESCRIPTION OF DEFECTS DISPOSITION
A251540 The following items were revealed by radio- The noted conditions were accepted for
5-19-67 graphic inspection per 1B40645;: use without rework.

a. A paper clip located 8~3/4 in. aft of the
aft "V" section, between stringers 45 and
46, 3-3/4 inches from the center of
stringer 45, Major axis of the clip was
parallel to the major axis of the stage.

b. Three inclusions, possibly aluminum chips,
located 3~1/2, 3~3/8, and 3 in. aft of the
aft "V" section between stringers 18A and
19. The inclusions were 1-1/2, 1-7/16, and
1/4 in. from the center line of stringer 19.
Dimensions of the inclusions were 0.125 by
1 in., 0.175 by 0.050 in., and 0.150 by 0.050
in,

Further x-ray inspection, using a tangential

(to the common bulkhead) exposure, revealed that
the paper clip was imbedded in the honeycomb 36
degrees, 30 minutes from position III toward
position II. The paper clip was 23.5 inches in
from the outside wall of the aft skirt at station
280 and was orlented with its major axis parallel
to the major axis of the honeycomb cells. The
paper clip was a standard size clip, 1-5/16 by
5/16 in. with a wire diameter of 0.045 in.
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TABLE IIL.

FARR NO.

A251541
5-19-67

A251542
5-20-67

A251543
5=22-67

A251545
5-22-67

{Continued)

DESCRIPTION OF DEFECTS

During the leak and functional checks it was
noted that the cold helium shutoff valve on the
LOX tank pressurization control module, P/N
1B42290-503, S/N 0025, had a leakage rate of
2500 scim. The maximum allowable leakage was .
375 seim.

During the digital data acquisition system
checkout it was noted that the output of the
channel decoder, P/N 1A74053-503, S/¥ 275,
went into a high calibration mode when the
run mode command was given. It should have
gone into the high calibration mode only when

. the high calibration mode command was given.

During digiltal data acquisition system check-
out it was noted that the output of the chamnel
decoder, P/N 1A74053-503, S/N 275, went into a
high calibration mode when the run command was
given. It should have gone into the high
calibration mode only when the high calibration
mode command was given.

While running the engine sequence portion of the
propulsion automatic gystem test it was noted that
the gas generator timing was too slow. The ges
generator timing average for 10 operations was 128
milliseconds and should have been 140 milliseconds.
The gas generator control valve orifice of 0.047
in, diameter was too large.

DISPOSITION

The discrepant control module was removed
and a new unit, §/N 0037, was installed.

The discrepant decoder was removed and
a new unit, S/N 140, was installed.

The discrepant channel decoder was removed
from the stage and routed to the Space
Systems Center MRCC for further disposition.

The 0.047 in. orifice was removed from the
engine and replaced with a 0.043 in. diameter
orifice, The rework was acceptable for use.
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FARR NO.

A251592
6-15-67

A255204
6-20-67

A255205
6-21-67

A255206
6-21-67

TABLE 1IIT.

DESCRIPTION OF DEFECTS

The following discrepancies were noted duting
test run 1046:

a. After eryogenic loading, the LHy chilldown

duct, P/N 1A49966-503, S/N 023, had &
vacuum reading of over 1000 microns and
should be less than 250 microms.” The

vacuum reading taken during task 7 of the
countdown was 7 microms.

The vacuum reading on the LH, low pressure
duct, upper section, P/N 1A49320-509, S/N 44,
was over 1000 microns and should be less than

250 microns, The vacuum reading taken during
task 7 was 5 microns.

During postfire checkout the cold helium £ill

module, P/N 1B57781-503, S8/N 0031, froze in
the open position.

During postfire checkout the cold helium £ill
module, P/N 1B57781-503, §/N 0031, froze in
the open position.

During acceptance static firing at plus 604
seconds channel D050, the engine pump purge
transducer, P/N 1B43320-511, S/N 21.1, at
reference location 403MT600, became erratic
in operation, and at 612 seconds the channel
output indicated -9.0 psia. Conditions at

this time were at amblent pressure,
14.7 +3 psia. '

COUNTDOWN INITIATION AND POSTFIRE CHECKOUT

DISPOSITION

a. The discrepant LH7 chilldown duct was

removed and a new unit, $/N 026, was
installed.

b. The discrepant LH, low pressure duct

was removed and a new duct, P/N 1A49320
-501, S/N 45, was installed.

The discrepant module was removed and a
new unit, S/N 0034, was installed.

The discrepant module was removed from the
stage and returned to the vendor for rework.
A new unit, S/N 0034, was installed.

The discrepant transducer was removed and
replaced.

-cawid LON MNY1g 3DVd oNIgIDTYd
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TABLE III.
FARR NO.

AZ255210

6-26-67

A255211
6-26-67

A2552]12
6-27-67

(Continued)

DESCRIPTION OF DEFECTS

During static firxing, 'the output of the LOX
pressure module regulator was 222 to 230 psia
after mainstage and should have been 410 +25
psig. ) ' '

The following discrepancies were noted against
the LOX prevalve, P/N 1A49968-509, §/¥ 101,
during static firing:

a. When the prevalves were cycled, no hard-
wire talkback was received from the 10X
prevalve. After cycling talkback was
received.

b. Opening time for the LOX prevalve was
3.010 seconds by comparison to 2.595
seconds for the LHp prevalve. Operating
times for the prevalves should be within
#0.010 seconds of one another,

After cryogenic loading for test rum 1046 it
was noted that the LHy chilldown duct, P/N
1449966-503, 8/N 023, had a vacuum reading
of over 100 microns. A vacuum reading taken

during pre-countdovn activities was 9 microms.

The specification is 250 mictons maximum loss
in 30 days.

DISPOSITION

The discrepant part was removed and
routed to Santa Monica MRCC for test and
evaluation. A new unit, S/N 0028, was
installed.

The diserepant LOX prevalve was removed
from the stage and routed to Santa Monica
MRCC' for test and evaluation. A new unit,
S$/N 109, was installed.

The discrepant duct assembly was removed
from the stage and routed to Santa Monica
MRCC for investigation. A new unit, S/N 026,
was iInstalled.
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TABLE III.

FARR NO.

A255213
6-27~67

A255214
6~27-67

A255275
7-7-67

{Continued)

DESCRIPTION OF DEFECTS

After cryogenic loading for test run 1046 it
was noted that the LH, feed duct, P/N 1449320

-509, S/¥ 44, had a vacuum reading of over

1000 microns. The duct was pumped down to 10

microns. Three days Iater the reading was

again .over 1000 microns. The maximum wvacuum

loss should be less than 250 microns in 30
days.

This FARR superceded FARR A251597 which
reworked the following conditions on the
LHy lines:

a. The proseal adhesive was found to be
loose around both edges of the foam
seal, P/N 1B39506-1.

b. The polyurethane coating was cracked in
the same location as above. Seal, P/N
1B39506~1, was also split for a length.
of 1-1/4 in. at the 1 o'clock positien.

During static firing the engine pump purge
pressure’ transducer, P/N 1B43320-511,

§/N 21-1,-NASA measurement D050, became
erratic at +604 seconds. At +612 seconds
it read -92.0 psia. At ambient it read
-6.0 psia. It should have read 14.7 psia.

DISPOSITION

The discrepant duct assembly was removed
from the stage and routed to Santa Monica
MRCC for investigation. A new unit, S/N 45,

was installed.

a. The loose proseal adhesive was
removed. .The metal surface was pre-
pared per DPS 30000 and all zinc
chromate was removed from the faying
surfaces. The seal was then re-cemented
-with proseal 501 per DPS 22301,

b, The polyurethane coating and foam seal
was repaired with polyurethane cable
molding by fllling all cracks and then
curing the fllled areas for 2 hours at
150 to 190°F.

The rework was acceptable for -use.

The discrepant transducer was removed from
the stage and replaced.
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TABLE III.

FARR NO,

A255452
8-22-67

(Continued)

DESCRIPTION CF DEFECTS

During postfire checkoyt in the STC VCL it

was noted that the LOX pressure .control module,
P/N 1B42290-503-~-001, S/N 0028, was a ''mnot for
production use" part. The module was not
identified per the requirements:of SEO
1B42290-001B; which required, marking the
module 'mot for production use".

DISPOSITION

The module was removed from the stage,
identified as "test' with 1/4 inch letters
per DPS 02003 and was returnad for a "test
only" part.
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