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ABSTRACT

The Narrative End Item Report contained herein is a nirrative summary of the
McDonnell Douglas Astronautics Company (MDAC), Western Division and Space
Systems Center test records relative to the Saturn S~IVB-508 Flight Stage
(MDAC P/N 1A39300-523, S/N 508).

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

is no provision to update or revise this volume of the NEIR after initial release.

Descriptors
NEIR Significant Items
Documentation Stage Checkout
Configuration Manufacture and Test
M’ >
_’M-‘-‘
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PREFACE

This Narrative End Item Report is prepared by the Reliability Assurance Director-
ate of the McDonnell Douglas Astronautics Company (MDAC), Western Division, for
the National Aeronautics and Space Administration under contract NAS/-101.

This report is presented in response to re. .rements of NPC 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 of initial stage acceptance testing at the MDAC Space Systems Center,
Huntington Beach, California, and transfer to the MDAC Sacramento Test Center

(STC), Sacramento, California.

The period of stage testing at STC, and turnover to the Florida Test Center (FTC),
Cape Kennedy, Florida, will be covered by the Sacramento Narrative End Item

Report, Saturn S-IVB-508, ‘leport DAC-56640.

iii/div
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1.0 INTRODUCTION

1.1 Scope

The NEIR compiles quality evidence and assessuents 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. Configuration at transfer to Sacramento Test Center.

b. Replacements made during Space Systems Center test a.d acceptance
checkout, including the serial number of articles removed or
substituted.

c. Nature of problems and malfunctions encountered.

d. Corrective action taken or pending.

e. Extent of retests or tests not completed.

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

1.2 Format

1.

2.

3.

This document is organized into sections, with each section fuifilling a
specific purpose. The title of each section and a brief outliine of its

purpose follow:

SECTION:

INTRODUCTION. This section discusses the scope of the NEIR, the
Stage Design Concept, Documentation, and Transfer Data.

NARRATIVE SUMMARY. A brief summary of principle test areas is pre-
sented to give management personnel a concise view of successful test
achievement, and remaining areas of concern.

STAGE CONFIGURATION. Conformance to engineering design, and data on

time/cycle significant items.
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.
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APPENDICES :

I. TESTING SEQUENCE. Graphic presentation of the order and activity
dates of the VCL checkout procedures.

II. NONCONFORMANCE TABLES.,
a. TABLE I. A compilation of FARR's against structural assemblies.

b. TABLE II. A compilation of FARR's recorded during systems
installation and checkout.

III. FLIGHT CRITICAL ITEMS INSTALLED AT TRANSFER. A listing of those
fiight critical items installed on the stage a: the time of transfer
to the Sacramento Test Center.

1.3 Stage Functional Description

A detailecd system analysis is beyond the scope of this report. The ''S-IVB-V
Stage End Item Test Plan", 1B66684, contains a description of each operatioaal
system, and includes a listing of test procedures, with the objective and
prerequisite of each test. The stage is primarily a booster stage consisting
of propellant tanks, feed lines, electrical and pneumatic power for operation
of stage systems, and such systems as are required for checkout purposes,

fuel loading and unloading control, in-flight control and pressurization, and

data measurement during these operationms.

1.4 Documentation

Manufacturing and test records for this stage include Fabrication Orders (FO0's),
Assembly Outlines (AO's), Inspection Item Sheets (IIS's), Failure and Rejection
Reports (FARR's), Serial Engineering Orders (SEO's), Radiographic Inspection
Records, Hydrostatic test data, Vehicle Checkout Laboratory (VCL) test daia,
and vendor data. FO's and AO's record in sequence all manufacturing proce .,
procedures, and Quality Control inspection activities. Any problem or dis-
crepancy r.oted by Inspection and Test personnel is recorded 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 applicablé to the discrepancy. SEO's
may be written to define the rework required by a FARR; to change the effec-
tivity of a drawing; or to change other drawing requirements. Radiographic
Inspection Records and X-ray photographs of all weld seams are maintained on
file by the contractor. All original data is retained in the contractor's
Reliability Assurance Department Central Data Files. Vendor technical data is
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1.4 (Continued)

received on functional purchased parts and also retained in Central Data Files.
The majority of documentation referenced within this report is included in the

log book which accompsnies the stage.

1.5 Stage Shipment

Transfer of the Saturn S-IVB-508 stage, for shipment to the Sacramento Test
Center, was made on 30 December 1968 at the Space System Center, Huntington
Beacli. A letter, A3-131-KYAO-L-5633, dated 27 August 1968, from the McDounell
Douglas Astronautics Company - Western Division Contracts Manuger to the
NASA/MSFC Resident Management Office Contracts Manager, I-CO-SD/MDAC, covered
the submittal of documentation for purposes of technical transfer of the
stage to STC. The letter is referenced on the stage transfer paper,

Form 68-67A, which is included in the Stage Log Book (reference Volume I,

Part I, Section I).

3/4
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2.0 NARRATIVE SUMMARY
The following paragraphs present a narrative summary of manufacturing and

checkout of the stage. Stage manufacturing tests and 3stage checkouts conducted
st the Space Systems Center (SSC) are summarized in paragraphs 2.1 and 2.2,
respectively. The Final Inspection, Weight and Balance; and Preshipment
Preparations are summarized in paragraphs 2.3, 2.4, and 2.5, respectively.
Narrations on these tests and operations are presented in section 4.

Paragraph 2.6 summarizes any intouplete failure and rejection reports that were
transferred open at the time of stage transfer from SSC to STC. Paragraph 2.7
suzmarizes any testing that was not completed prior to stage transfer, and

any retesting that will be required.

2.1 Stage Manufacturing Tests
iwo major manufacturing tests conducted on the stage during the manufacturing

sequence verified the structural integrity of the stage propellant tank assem—
bly. A hydrostatic proof test, successfully conducted on 8 and 9 August 1967,
verified that the tank assembly could withstand the required test pressures
wvithout leakage or damage.

The propellant tanks leak check, conducted on 16 and 17 August 1967, ensured
that there sere no leaks in the weld areas or where the tank assembly wall
was penetrated by lockbolts or othe:r types of fasteners used to attach
structural items to the tank assembly.

At the conclusion of these tests the tank assembly was accepted for continued
manufacturing effort and system installation. A more detailed narration of

these tests is presented in paragraph 4.1.

2.2 Stage Checkout SSC
The stage was installed in SSC VCL tower 5 on 22 January 1968. Checkout of

the stage systems started on 30 January 1968, and was completed on 29 May

1968, after 86 working days of activity. A total of 38 checkout procedures
involving the stage systems were accomplished during this period. The stage

was removed from the V™ on 26 June 1968. Narrations on the checkout proce-

dures are presented in paragraph 4.2, in the order in which the tests were started.
Appendix I shows the chronological sequence of the tests, giving the narra-

tion paragraph number, the H&CO drawing number and test title, and the dates

each test was active.




2.2 (Continued) {
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Prior to turning on the stage power, checks were made of the forward skirt
thermoconditioning system, the stage wiring continuity and compatibility,

the engine alignment,, the cryogenic temperature sensors, the umbilical inter-
face compatibility, and the aft skirt and interstage purge and thermocondi-
tioning system. No major stage problems were encountered during these checks,
although several procedure revisions were made. Two FARR's, writtem during
the wiring continuity check, reworked a wire harness and replaced two con-
nectors and a relay module. One FARR, written during the umbilical interface
check, accepted another relay moduls after a recheck. These FARR's, and
other FARR's noted below, are summarized in the applicable narration, and in
Table II of Appendix II.

The propulsion component internal leak check and the fuel tank pressurization
syctem leak check were also accoaplished prior to stage power turn on. No
major problems were encountered during these checks, although four leaks were
found and corrected during the latter check,no FARR's were written.

Several procedure revisions were made.

Power was first applied to the stage on 16 February 1968, with the initiation )
of the stage power setup and turn off procedures. No significant problems

were cncountered, although uninstalled and improperly adjusted items resulted

in some malfunction indications during the first attempts. These minor prob-

lems were later corrected. ' ~veral procedure revisions were made, and one

FARR was written to replace a relay module during subsequent use of the

power setuyp procedure.

The signal conditioning equipment setup and the telemetry and range safety
antenna system check were accomplished after numerous procedure revisions
were made. No stage problems were encountered, and no FARR's were written.
Most of the hydraulic system £ill, flush, bleed, and fluid samples procedure
was accomplished after some procedure revisions were made, and after two
FARR's replaced the quick-disconnect on the auxiliary hydraulic pump and the
air £ill valve on the hydraulic accumulator/reservoir assembly. The pro-
cedure was satisfactorily completed after the all systems test was finished.
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2.2 (Continued)

A series of manual and automatic tests were accomplished o.1 the various
stage electrical systems, with procedure revisions made as necessary. The
propulsion system control console/stage compatibility check was accomplished
with no significant problems, and with no FARR's written. The level sensor
and control unit calibration was completed and was then reaccomplished using
a revised procedure. One FARR replaced the LH> overfill control unit during
this test. The DDAS calibration procedur: was accomplished with no problems
and with no FARR's written. Following the replacement of the remote analog
submultiplexer (RASM) during the DDAS procedure, the RASM test part of the
calibration was repeated, again with no problems. The power distribution
system automatic checkout was completed after one FARR replaced the LH2
chilldown inverter. The DDAS automatic checkout was completed after five
FARR's replaced a channel calibration decoder, the remote analog submulti-
plexer, two pressure transducers, and the propellant utilization voltage
monitor module. The auxiliary propulsion system (APS) simulator checkout
and the propellant utilization calibration procedure were accomplished with
no significant problems, and with no FARR action required.

A series of manual leak checks were performed to locate and correct any
leakages in the stage pneumatic and pressurization systems. Revisions were
made to these procedures as necessary. The pneumatic control system leak
check was completed after four leakages were corrected. The cold helium
system leak check located and corrected several lsakages. No FARR's were
written during either of these checks. The propellant tanks system leak
check was completed after one leak was corrected. One FARR was written
during this check because of nicks on the desiccant port flange. This con-
dition was acceptable, as it did not prevent a good seal. An automatic pro-
pellant tank differential pressure scan was accomplished in conjunction with
the manual propellant tanks leak check with no significant problems and with
no FARR's written, although several procedure revisions were made. The J-2
engine system and the repressurization system were leak checked with four
leaks corrected and with no FARR's written.



K 2.2 (Continued)

The exploding bridgewire (EBW) system and the propellant utilization system
automatic checkouts were accomplished with no significant problems and with

no FARR's written. The range safety receiver and system checkouts were con-
pleted after the correction of minor operating problems. No significant prob-
lems were encountered, and no FARR's were written. Several revisions were
made to these ->racedures as required.

After the - erporary installation of the APS modules onto the stage, the APS
manual systems chock was initiated and the APS module automatic check was
accomplished. One leak was corrected during the manual check, and two FARR's
were written during the automatic check, one to rework a debonded mountii g
flange and one to reject the control relay modules for defective operation.
The relay modules were retained as interim use parts and were to be replaced
later. Numerovs revisions were made to these two new procedures. The manual
check was completed after the all systems test was accomplished.

X The hydraulic system zutomatic checkout was accomplished with nc significant
s problems, although two procedure revisions were written. The propulsion

: system automatic checkout was satisfactorily completed after the correction
of several minor problems, and the replacement of a temperature bridge by
one FARR. Several revisions were made to the procedure.

The EMC RF signature and transient detection procedure was accomplished after
a number of problems were corrected, including #MC detector mounting difficul-
ties. This was the first use of this procedure, and sixty-two revisions were
required. The radiated spectrum signature part of the procedure was deleted,
as it would be accomplished at STC after a single sideband transmitter was

installed on che stage. The conducted interference part of the procedure was

completed, with two FARR's wr’“ten to correct connector problems. The
0y umbilicals-in part of the ali systems test was performed to control the opera-

tion of the stage systems du.ing the EMC procedure.

it R

The individual systems tests were completed by the middle of May, and the
final all systems test was accomplished on 17 and 20 May 1968. The umbilicals-

b

in part of the test was completed on the first attempt, while the umbilicals-out

[N O
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. part of the test was completed on the fourth attempt, after the GSE checkout

batteries were replaced to correct voltage problems. Fifty revisions were
made to the procedure. No particular stage problems were noted during the
test, but subsequent data evaluation indicated several out-of-tolerance con-~
ditions. Some cf these conditions were attributed to defects in the GSE
magnetic recording tape, but two FARR's were written to cover other problems.
After the completion of the all systems test, the final hydraulic system

:; shutdown operations were completed, the APS modules were removed from the

; stage, and the final thermoconditioning system post checkout procedure was
accomplished between 24 and 28 May 1968, with no problems.

2.3 Final Inspection

A final inspection was accomplished by MDAC and AFQC personnel on all stage

mechanical and electrical areas to locate and correct any remaining discrep-
ancies. The inspection was completed on 19 December 1968, and was made to

verify that the stage was in satisfactory condition for shipment to STC.

(25 A total of 127 defects were noted during the inspection, of which 93 were in
the mechanical areas and 34 were in the electrical areas. All of these dis-
crepancies were corrected before the stage was shipped. However, some dis-
crepancies were recapped to FARR's 500-568-631, 500-445-734, and 500-639-113
for corrective action. See paragraph 4.3 for additional details concerning

the final inspection.

2.4 Weight and Balance

Following the final inspection, the stage was rotated to a horizontal position,
and prepared for the weight and balance operation. On 18 December 1968 the
stage was weighed by means of a three point electronic weighing system. Three
electronic load cells, one aft and two forward, measure the reaction forces

of the otherwise unsupported stage. The reaction force measurements were then
used to determine that the stage shipping and handling weight was 26,897.3
pounds, the stage weight corrected for Standard Gravity in a vacuum was
26,960.9 pounds, and the stage longitudinal center of gravity was located at

station 329.6. Paragraph 4.4 presents a more detailed narration on these

!:) operations.
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§ 2.5 Preshipment Purge i)
3
% The final operation before the stage was shipped to STC was the preshipment
purge. Gaseous nitrogen was used to purge the stage systems to dewpoints of
-32°F for the Lﬂz system, and -34°F for the LOX system. The necessary des-
iccants were installed to maintain the proper stage environmeat during the
air transport operations. Paragraph 4.5 presents a more detailed narration
on this operation.
| 2.6 Incomplete FARR's
:; The following FARR's were incomplete at the time the stage was transferred to
STC.
2
: a. FARR 500-639-105 noted during inspection of the retainer rings on the
» oxidizer turbine bypass valve, P/N 409940, S/N 4093594, of the J-2
B engine, P/N 103826, S/N 2122, that the gate end of 1link to piston pin
iy is corroded.
g b. FARR 500-639-113 noted that the LOX flowmeter, P/N 1A89104-507,
! S/N 31595, metal foil identification plate was not legible per DPS
e requirements. The FARR was dispositioned to remove the existing
~ﬁ§ nameplate and replace it with a plate properly identified per 1A89104.
;g c. FARR 500-639-156 noted that two holes drilled in the bracket, P/N :)
T 1B57145-50, should have been drilled on the assembly to permit install-
jg ing the coolant return line in an unrestrained position.
75 d. FARR 500-639-164 noted that it was suspected that the wrong type of
4 spring may have been installed in the solenoid of the regulator,
2 P/N 1B51753-511, S/N 19, of the module assembly, P/N 1B67193-507,
R S/N 018. The module assembly is installed in the forward skirt.

2.7 Incomplete Tests and Retest Requirements

i There were no incomplete H&CO's. All VCL stage checkout procedures were

activated and completed.

Subsequent to VCL checkout, various modifications were made to the stage. A
detailed listing of these modifications and the A0, FARR, and removal work
accomplished i: provided by letter A3-850-KYCO-L-5782, dated 30 December 1968,
'.? from the Saturn Program Production Director of McDonnell Douglas Astronautics
Company - Western Division, to the NASA/MSFC Resident Management Office. This
letter also noted additional modifications that were to be accomplished at STC.

Paragraph 4.6 comments upon the retesting that will be required at STC to
verify the acceptability of the accomplished stage modifications.
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3.0 STAGE CONFIGURATION

The paragraphs of this section define the configuration of the stage, and
note the applicable variations. Paragraph 3,1 discusses the means used to
verify the stage configuration; paragraph 3.2 describes those flight critical
items which deviate from the stage design; and paragraph 3,3 contains those
variations in stage configuration which represent changes in the scope of

the program.

A listing, in tabular form, of all time/cycle significent items on the stage,
along with the accumulated time/cycles for each item, is included in para-
graph 3.4.

Exigting contractual configuration control papers are referenced wherever
possible,

3.1 Design Intent Verification

Ihis configuration of the stage is defined in the Engineering Configuration
List (ECL), Space Vehicle, Model DSV-4B-1-1, Manufacturing Serial Number 508,
revision A, dated 18 July 1968. 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 EO releases, The ECL has been transmitted to NASA

under a separate cover,

Verification of design intent was accomplished by comparing the ECL with the
Planning Configuration List (PCL), and the Reliability Assurance Department
As-Built Configuration List (ABCL). Any discrepancies found were resolved
by the contrector, and a listing of the resultant action is filed at the

contractor's facilitcy,

3.2 Stage Variations - Flight Critical Items

Identification of components and assemblies which are variations to the stage
design is accomplished by including the serial engineering order (SEO) dash
number after the part number. Those flight critical items which are installed

1



3.2 (Continued) i)

in the stage with SEO variations are reviewed in this paragraph. A description
of the variation, along with part number and serial number, is presented for
each part.

3.2,1 LOX and Lu2
StV 1A48240-007 authorized the removal of the existing bonded insert and O-ring

Fill and Drain Valves

from the electrical connectors, leak testing cf the receptacles, and subsequent
installation of an unbonded insert and O-ring for the LOX and LH2 fill and drain
valves, P/N 1A48240-505, S/N's 0132 and 0130, respectively. The unbonded inserts
were installed to minimize cracking of the inserts and glass insulation at
cryogenic temperatures, in accordance with NASA change order 1602,

3.2,2 Fuel Tank Vent and Relief Valve

SEO 1A48257-006 authorized the same replacement of the bonded insert with an
unbonded insert, as described in paragraph 3.2.1, for the fuel tank vent and
relief valve, P/N 1A48257-511, S/N 0058,

3.2.3 Directional Control Fuel Vent Valve :)

SEO 1A49988-003 accomplished the unbonded insert substitution, described in
paragraph 3,2.1, for the directional control fuel vent valve, P/N 1A49988-501,

S§/N 0031, to minimize cracking at cryogenic temperatures.

3.2,4 Hydraulic Yaw Actuator Assembly

SEO 1A66243-012A authorized replacement of electrical connectors, P/N's 061-45703
and 061-45704, with connectors, P/N's 061-44051 and 061-44052, for hydraulic

yaw actuator, P/N 1A66248-507, S/N 66, The bayonet studs on the electrical
connectors, P/N's 061-45703 and 061-45704, were being sheared off under

normal usage.

12



3.2,5 Chilldown Inverter Electronic Assembly

SEVU 1A74039-010A authorized a reverse current test, a forward voltage test, a
Zener voltage differential test, and a surge current test on the chilldown
inverter electronics assembly diode, P/N 1B52273-1, for chilldown inverter,
P/N 1A74039-~517, S/l's 074 and 075, to provide diodes that would meet their

environmental requirements.

3.2.6 Actuation Control Modules

SLO 1B660692~004 authorized correction of electrical designations stamped in
error on the actuation control modules, P/N 1B66692-501, S/N's 20, 128, and 132,

3.3 Scope Change and Engineering Change Proposal Yerification

Scope changes (SC's) and engineering change proposals (ECP's), with applicable
v. cification data, are listed on Form DD829-1, which is included in the Stage
Log Book. Paragraph 3.3.1 lists those SC's and ECP's which were incorporated

in the initial design of the stage. Paragraph 3.3.2 lists and briefly
describes those SC's and ECPs which were incorporated and verified prior to
stage shipment to STC., Those SC's and ECP's which are verified at STC, and
those which will be incorporated and verified subsequent to stage turnover to
NASA, will be described in the Narrative End Item Report covering STC activities
on this stage.

3.3.1 Scope Changes and Engineering Change Proposals Incorporated in the
Initial Design

SC 1011B SC 1100C SC 1200 SC 1306
SC 1015 SC 1102A SC 1204 SC 1354
SC 10168 SC 1104A SC 1211A SC 1363
SC 10228 SC 1115 SC 1221A SC 1364
SC 1024 SC 1139A SC 1230 SC 1390

13
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3. 3.1 (Continued)

SC 1026A SC 1151 SC 1232A SC 1397
SC 10278 SC 1152 SC 1243 SC 1400
SC 1030A SC 1167 SC 1266 SC 140¢
SC 1031A SC 1176 SC 1270 ECP X004
SC 10368 SC 1180A SC 1276 ECP X005
SC 1057 SC 1185 SC 1277 ECP X011
SC 1058 SC 1188 SC 1278A ECP X012
SC 10758 SC 1195A SC 1280 ECP X043
SC 1092A €C 1196 SC 1282 ECP X076
SC 10938 SC 1198 SC 1294 ECP X095
SC 1096 SC 1295 ECP X105
SC 10988 ECP X133
ECP X147

3.3.2 Scope Changes and Engineering Change Proposals Incorporated

and Verified Prior to Transfer

The following SC's and ECP's were incorporated during stage manufacture or

prior to stage shipment to STC. They were substantiated as being incorporated

by Douglas and AFQA personnel, and are listed as previously complied with
(PCW) on Form DD829-1.

b.

Ce.

d.

f.

SC 1045B, authorized by CCO 118, provided for the thermoconditioning
system for the forward skirt electronics,

SC 1124, authorized by CCO 259, provided for a closed loop checkout
capability in the safety command RF system.

SC 1153A, authorized by CCO's 163 and 280, provided for a redesign
of the propellant dispersion system.,

SC 1187, authorized by CCO's 136, 172, and 330, orovided for the use
of MSFC furnished control accelerometers and rate gyro.

SC 1189, authorized by CCO's 111 and 126, provided for additional
coast period requirements, |

SC 1193, authorized by CCO 156, provided for revisions to the LOX
tank vent line.

SC 1203, authorized by CCO 168, provided for RPM measurements on the
LOX and Lﬂz turbopumps.

14



3.3.2 (Continued)

h,

i,

Je

k.

1,

Ne

O.

Pe

q.

L

t.

U,

Ve

We

Xe

Y.

SC 1204, authorized by CCO's 171, 220, 360, and 371, provided for
the modification of the complete telemetry system,

SC 1205, authorized by CCO 173, provided for additional electrical
interface connectors.

SC 1207, authorized by CCO's 197, 213, 330, 343, and 414, provided
for modifications to the propellant utilization system,

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

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

SC 1221A, authorized by CCO 210, provided for the redesign of the
APS modules for the ullage eng’ne system,

SC 1241, autiorized by CCO 222, provided for additional sensing
elements in the engine cutoff system.

SC 1274, authorized by CCO's 264 and 330, provided for power supply
short circuit protection,

SC 1276, authorized by CCO's 267, 273, and 295, provided for electrical
interface connectors,

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

SC 1297A, authorized by CCO's 284 and 330, provided for venting of
the forward skirt,

SC 1304, authorized by CCO 288, provided for redesigning the hydrogen
fuel tank.

SC 1312, authorized by I~V-S=-IVB=-TD=-64-101, provided for reduced
tolerance on dome segments,

SC 1326, authorized by CCO's 279, 496, and 595, provided for
recirculation chilldown pressure measurements.

SC 1376A, authorized by CCO's 395 and 467, provided for the reduction
of trapped propellants at stage burnout,

SC 1383A, authorized by letters I-CO-SD-L-1037 and -1616, provided
for the incorporation of dual diaphragm pressure switches with a
calibration capability,

ECP X056, authorized by CCO's 413 and 572, provided for assigning
consecutive reference designation numbers to stage relays.

ECP X154, authorized by CCO's 543 and 612, provided for the design
and procurement of the control relay package.

ECP X198, authorized by CCO's 658 and 692, provided for revisicns to
the engine thrust OK circuits.

15
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3.3.2 (Continued)

ab,

ac.

ad.

af,

ah,

am,

a0.

ap.

aq.

ar.

as.,

ECP X199, authorized by CCO's 634 and 691, provided for redesign of
the APS modules,

ECP X204, authorized by CCO's 65V, 661, 670, and 708, provided for
deleting the pad safety and minimum liftoff pressure switcnes.

ECP X209, authorized by CCO 847, provided for revisions to the for-
ward skirt paint requirements,

ECP X217, authorized by CCO 698, prov’ded for the use of black teflon
hoses for the hydraulic system.

ECP X218, authorized by CCO 742, provided for the release of the
enlarged LHZ foruard dome manhole,

ECP X226, authorized by CCO 690, provided for the implementaticn of
the Apollo coordinate system standards.

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

ECP X255, authorized by ICO 645, provided for the thermal insulation
of the Model II switch selectors,

ECP X259, authorized by I-V-S-IVB=TD-0v6-16, provided for modification

of the LH2 tunk probe.

ECP X262, authorized by CCO's 813 and 853, pvovided for modification
of the EDS cutoff circuits,

ECP X264, authorized by CCO 781, provided for deleting the rate gyro
and accelerometers,

ECP X267, authorized by letter I-CO-.Y-.- _31-66, provided for test
code plugs for the stage,

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

ECP 0273, authorized by CCO's 837 and 861, provided ior the deletion
of the Lﬂz tank translunar vent termination pressure switch.

ECP C277, authorized by CCO 801, provided fcr the deletion of the
pyrotechnic dispersion system,

ECP 0231, authorized by letters I-CO-SD-L-192-6%5 and ~-L~380-066,
provided for a common stage coolant system design effort,

ECP 0302, authorized by CCO's 886 and 942, provided for tne design
of an LH7 slosh filter for the propellant utilization system, and
a guidance system computer M/F filter,

ECP 0304, authorized by CCO 977, provided for the deletion of the
vent termination pressure switch,

ECP 0314, authorized by letters I-CO-S-IVB=6-310, and I-CO=-SD=-L-257-66
and -329-60b, provided for rework and instaliation of the Model I1II
switch selector,
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ECP 0318, authorized by CQ) 956, provided for modificarion of the
range szfety controller safing plug.

ECP 0322, authorized by letter I-C0-S-IVB-6-319, provided for modifi-
cation of the control relay packages.

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

ECP 0354, a compatibility ECP, provided for a thermal barrier for
the ambient helium fill module,

ECP 0364, a compatibility ECP, provided for the addition of a check
valve to the APS helium supply line,

ECP 0441, authorized by CCO 934, provided for reworking the remote
analog submultiplexer,

ECP 0443-1R1, authorized by CCO 1045, provided for a hazardous gas
detection system,

ECP 0444R1l, a compatibility ECP, provided for installing wiring in
branciaed wire harness 403W4,

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

ECP 0450, a compatibility ECP, provided for changes to the auxiliary
tunnel covers.

ECP 0406, authorized by letter I-C0-S5-1VB-6-805, provided for modi-
fication of the propellant utilization static inverter-converter
capability.

ECP 0479, a cowmpatibility ECP, provided for wiring changes in the
PAM inputs to the DDAU.

EC* 0481, a compatibility ECP, provided for changes in the hi-locx
bolte in the aft skirt.

ECP 0486, authorized by letter I-CO-S5-IVE-6-1459, provided for the
replacement of diodes in the inverter-comverter,

ECP 0488, a compatibility ECP, provided for the installation of the
forward dome ullage pressure transducer,

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

ECP 0493R2, a compatibility ECP, provided for redesign of the li,
and LOX chilldown system shutoff valves.

ECP 0505R1, a compatibility ECP, provided for modification of the
breakpoint amplifier module,

ECP 0506, a compatibility ECP, provided for the addition of
operational telemetry measurement D225,

17
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3.3.2 (Continued) i)
bm. ECP 0510, a compatibility ECP, provided for the installation of
coaxial cable assembly 411W212,
bn. ECP 0511, a compatibility ECP, provided for the redesign of the
Liy chilldown pump shutoff line,
bo. ECP 0522, authorized by CCO 1079, provided for redesigning the
hydrsulic actuator bolt rod end.
bp. ECP 0533, a compatibility ECP, provided for the installation of
hydraulic accumulator/reservoir temperature and pressure transducers.
bq. ECP 0534, a compatibility ECP, provided for replacement of the
tank relief valves.
br. ECP 0535, a compatibility ECP, provided for modification of the
Lﬂz and LOX tank electrical feedthroughs.
bs. ECP 0542, authorized by letter I-C0-S-IVB-6-874, provided for
changes in the Model II PCM RF assewbly.
bt., ECP 0547, authorized by CCO's 966 and 1122, provided for redesigning
tne bi-level summing network module.
bu. ECP 0557Rl, authorized by letter I-C0-S-IVB-1037, provided for
redesigning the APS helium pressure regulator,
bv. ECP 0565, a compatibility ECP, provided for redesigning the fill .
and drain valve, )
bw. ECP 0575, a compatibility ECP, provided for reworking the auxiliary '
hydraulic pump assembly.
bx. ECP 0581R1l, authorized by CCO 1063, provided for OK bypass command
Citcllitso
by. ECP 0590, a compatibility ECP, provided for replacing the multi-
plexer and switch selector shrouds.
bz. ECP 0592R3, a compatibility ECP, provided for deletion of the APS
helium fill wmodule.
ca, ECP 0597-1, authorized by letter I-C0-S-IVB-6-1271, provided for
redesigning the propellant fill and drain umbilical disconnects,
cb, ECP 0600, a compatibility ECP, provided for reworking the check
valve for the engine driven pump.
cc. ECP 0601, authorized by CCO 993, provided for lock wiring nuts on
the propellant system.
cd, ECP 0605, a compatibility ECP, provided for vibration isolation of

ce,

the EDS transducers,

ECP 0613Rl, authorized by letter I-C0-S~IVB-6-1176, provided for
replacement of the bolts in the hydraulic hose support brackets,

18
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cf.

Cge

ch,

Co,

Cp.

cq.

CT.

c8,

ct.

Ccu,

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

ECP 0633, a compatibility ECP, provided for rework of the LH
propellant duct resilient mount,

ECP 0634, a compatibility ECP, provided for revisions to the
emergency detection system,

ECP 0638-1, authorized by letter I-CO=-S-1VB=6-1262, provided for
replacement of the APS quick disconnects.

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

ECP 0648, authorized by letter 1-CO-S-1VB-6-1327, provided for the
deletion of the relief valve function from the ambient helium
fill wmodule.

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

ECP 0653, a compatibility ECP, provided for revisions to the
umbilical panel markings.

ECP 0663, a compatibility ECP, provided for the reconfiguratiom of

the LHZ inlet duct.

ECP 0672, a compatibility ECP, provided for redesigning the
pneumatic power control module,

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

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

ECP 0680, authorized by letter I-C0-S-IVB-6-1380, provided for a
measurement of the inverter-converter 21 vdc output.

ECP 0681, authorized by letter 1-CO-S-IVB-7-680, provided for
checkout of the spare depletion sensor,

ECP 0685, a compatibility ECP, provided for replacement of the aft
support for the hydraulic accumulator/reservoir,

ECP 0686, a compatihility ECP, provided for the deletion of the
Luz depletion sensor time delay module.

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

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

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

2
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3.3.2 (Continued)

cy.

CZ.

da.

db.

dc.

dd.

de.

df.

ECP 0801, a compatibility ECP, revised the transducer wounting
for mecsurement DOSS5.,

ECP 0808, a compativility ECP, provided for a revised installation
for the measurement D55 transducer.

ECP 0809, a compatibility ECP, provided for modification of the
wire harneas for power input measurement K169,

ECP 0814, a compatibility ECP, provided for rework of the plenum
environmental segment.

ECP 0944R2, a compatibility ECP, provided for modification of the
thermoconditioning system supply line supports.

ECP 0953Rl, a compatibility ECP, provided for eight additional
ullage rocket jettison two-fuse Velcro clamps.

ECP 0958R1l, a compatibility ECP, provided for capping the APS
module orifices.

ECP 0962Rl, a compatibility ECP, provided for the addition of
caterpillar grommets for the LOX tank confined detonating fuse.

ECP 0963R1, authorized by CCO 1613, provided for relocating the
cable clamps for the ASI line.

ECP 0973R2, a compatibility ECP, provided for corrections to con-
nector mating reference designationms,

ECP 0983Rl, a compatibility ECP, provided for having the chilldown
shutoff valve LOX compatible,

ECP 0984R1, a compatibility ECP, provided for the replacement of
a battery ground strap.

ECP 1008, authorized by CCO 1074, provided for modifications to the
redundant EDS J-2 engine cutoff,

ECP 2019Rl, a compatibility ECP, provided for redesigning the
continuous vent system,

ECP 2027, a compatibility ECP, provided for the replacement of the
feedthrough coaxial socket contacts.

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

ECP 2040, a compatibility ECP, provided for additional opera-
tional measurements.

ECP 2046, a compatibility ECP, provided for the relocation of a
pressure transducer,

ECP 2048R1, authorized by CCO 1128, provided for modification of
the continuous vent module bypass valve open talkback,
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3.3.2 (Continued)

dr.

ds.

dt.

du.

dv.

dw,

ea,

eb,

eCe.

ed.

ef.

eg.

eh,

ei,

ej.

ECP 2049R2, a compatibility ECP, provided for the installation of
the actuation control modules.

ECP 2051, a compatibility ECP, provided for reconfigurating the
cold helium dump module.

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

ECP 2054-1, authorized by TAN 10469R53, provided for the APS
propellant tank recirculation system,

ECP 2061, authorized by "make work", provided for the replacement
of the auxiliary hydraulic pump seal,

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

ECP 2079, authorized by CCO's 1231 and 1318, provided for rain
baffles for the environmental control system vents.

ECP 2090, authorized by letter I-CO-S-DAC-L-403-67, provided for
redesigning the directional control valve,

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

ECP 2092, a compatibility ECP, provided for the reconfiguration of
the bus connectors.

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

ECP 2109, authorized by letter I-CO-S-IVB~7-146, provided for am
0282 propellant talkback.

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

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

ECP 212u, authorized by CCO 1185, provided for the reconfiguration
of the pneumatic power control module,

ECP 2124R1, a compatibility ECP, provided for reconfigurating the
LOX chilldown pump,

ECP 2130, authorized by letters I-CO-S~IVB-7-346 and I-CO-S-IVB-7-1238,
provided for eddy current testing of the ambient helium tanks.

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

ECP 2133, authorized by letter I-CO-S-IVB-7-183, provided for
reconfigurating the Model II RF assembly,
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ECP 2134R1, authorized by CCO's 1170 and 1401, provided for the
replacement of printed circuit boards in the Model 270 multiplexers.

ECP 2160R1, a compatibility ECP, provided for replacing the coaxial
contacts on the intermal cryogenic plugs.

ECP 2169, a compatibility ECP, provided for relocating the common
bulkhead pressure transducer.

ECP 2174R1, a compatibility ECP, provided for transducer installa-
tions in the LOX and LH2 chilldown return ducts,

ECP 2175, a compatibility ECP, provided for a LOX chilldown pump
bypass orifice.

ECP 2176Rl, a compatibility ECP, provided for the rerouting of
coaxial cables,

ECP 2180R2, a compatibility ECP, provided for redesigning the LOX
relief valve, P/N 1A49590-515,

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

ECP 2184, a compatibility ECP, provided for reworking the burs®
disc in the fuel low pressure feed duct.

ECP 2188R2, authorized by CCO 1241, provided for revisions to the
dual repressurization systemn.

ECP 2189, authorized by letter I-CO-S~-IVB-7-528, provided for
reworking the LHZ PU probe lower mount assembly.

ECP 2193, a compatibility ECP, provided for the replacement of
NAS 1351 passivated screws.

ECP 2204R2, authorized by letters I-CO-f -{VB-7-456 and -724, pro-
vided for removal of the repressurization module relief valve,

ECP 2206, authorized by CCO's 1226, 1282, and 1297, provided for a
bearing change in the LH2 chilldown pump,

ECP 2226Rl1, a compatibility ECP, provided for propellant utilization
system initial conditioms.

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

ECP 2235R1, authorized by CCO 1406, provided for a change in the
2 amp relays.

ECP 2242, a compatibility ECP, provided for a propellant utilization
system component oven,

ECP 2244, a compatibility ECP, provided for reconfigurating the
power control module,

2
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fd.

fe.

ff.

fg.

fh.

fi.

£i.

fl.

fm,

fn.

fo.

fpo

fq.

fr.

fs.

ft.

fu.

fv.

fw,

ECP 2247, a compatibility ECP, provided for a change in a heat
sink installationm.

ECP 2248, a compatibility ECP, provided for reconfigurating the
continuous vent module,

ECP 2249, a compatibility ECP, provided for reworking the APS
propellant control module,

ECP 2251, a compatibility ECP, provided for readjusting the APS
check valve torque value.

ECP 2252, a compatibility ECP, provided for reconfigurating the
check valve in the cold l.elium dump module.

ECP 2253-1R3, a compatibility ECP, changed the seal and retainer
on the flight half of the LB2 vent line quick-disconnect.

ECP 2258, authorized by letter I-C0-S-IVB-7-646, provided for
changes in zener diode callouts.

ECP 2261R1l, authorized by CCO 1384, provided for 02H2 bumer
LOX manifold shutdown valve position talkback.,

ECP 2262R3, a compatibility ECP, provided for changes and weld
joint redesign for the APS pressure vessel, P/N 1B39317.

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

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

ECP 2271, authorized by CCO 1280, permitted lengthening of the
S-1VB/IU ground cable.

ECP 2270Rl, a compatibility ECP, provided for testing of the
chilldown inverters,

ECP 2273R1, a compatibility ECP, provided for doors in the aft
skirt and interstage for drag-in cables.

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

ECP 2277R2, a compatibility ECP, provided for a plenum chamber in
the pneumatic control system,

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

ECP 2292, a compatibility ECP, provided for the use of insulating
washers on diode modules,

ECP 2295, a compatibility ECP, provided for the replacement of a
hand valve,

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

23



3.3.2 (Continued) ')

fx. ECP 2301Rl, authorized by CCO's 1429 and 1666, provided for an
increase in the propellant utilization system boil-off bias,

fy. ECP 2304, authorized by CCO's 1352 and 1383, provided for modifica-
tions to the LOX tank repressurization control module,

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

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

gb. ECP 2309, a compatibility ECP, provided for reconfigurating the
LH2 chill system supply duct.

gce ECP 2311R2, authorized by CCO 1522, provided for modification of the
LH2 pressurization system.

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

ge. ECP 2319, authorized by letter I-CO-§-IVB=7-794, provided for the
installation of an orifice in the LOX repressurization system.

gf. ECP 2325R1, authorized by CCO 1426, provided for redesigning the
low pressure helium module.

gg. ECP 2326, 2 compatibility ECP, provided for strengthening wire
support panels, f)

gh. ECP 2329, a compatibility ECP, provided for a pipe assembly for '
the power control module,

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

gj. ECP 2339, authorized by CCO 1491, provided for a redundant pressure
measurement.

gk. ECP 2360, authorized by letter I-CO-S-IVB-7-1136, provided for
installing larger spacers under the actuation control modules,

gl. ECP 2419Rl, a compatibility ECP, provided for replacing the solenoid
in the continuous vent module,

gm. ECP 2424R2, authorized by CCO 1625, provided for a redundant command
to the continuous vent valves,

gn. ECP 2434, authorized by CCO 1494, provided for bolts for attaching
the J=2 engine to the stage.

go. ECP 2454, authorized by CCO 1430, provided for modification of the
range safety controller safing plug.

gp. ECP 2469, authorized by CCO 1553, provided for replacing the power

supply card in the remote digital submultiplexer.
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3.3.2 (Continued)

g84.

4

g8.

gt.

gu.

gv.

gVWe

BXe

8Y.

ha,

hb,

he.

hd.

he,

hf.

hh.

hi.

ECP 2483R1, authorized by CCO 1556, provided for the S=IVB paint
change.,

ECP 2485R2, auchorized by CCO 1562, provided for modifications to
the division module of the remote analog submultiplexer.

ECP 2500Rl1, authorized by CCO 1539, provided for the replacement of
pressure switch lines,

ECP 2509R1, authorized by CCO 1593, added additional 02“2 burner
instrumentation.

ECP 2545R1, autnorized by CCO 1561, provided for the removal of
the LCX tank repressurization check valve.

ECP 2566, authnrized by CCO 1844, provided for electrical design
changes.

ECP 2572, authorized by CCO 1324, provided for rework of the tunnel
disconnect connect.

ECP 2574Rl, authorized by CCO 1649, provided for modifications to
the LOX heat exchanger bypass valve circuits.

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

ECP 2614R1, a compatibility ECP, provided for pressure transducer
locations.

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

ECP 2641Rl, authorized by CCO 1654, provided for the LOX tank
pressure control module spring change.,

ECP 2642R1, authorized by CCO 1654, provided for the cold helium
dump module spring change.

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

ECP 2652R2, authorized by CCO 1714, provided for the procurement of
PU oven components.

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

ECP 2698, authorized by CCO 1718, provided for potentiometer bridge
reconfiguration.,

£CP 2679, a compatibility ECP, provided for the propellant control
valve vent valve modification.

ECP 2790, a compatibility ECP, provided for changing the
Korotherm thickness.
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3.3.2 (Continued)
hj. ECP 2793, a compatibility ECP, provided for modifications to the
helium £fill module thermai protection.
hk. ECP 2802, authorized by CCO 1778, provide for the LH2 probe rework.
hl. ECP 2803, a compatibiliity ECP, provided for reworking a tunnel cover.

hm. ECP 2867, a compatibility ECP, provided for the LH2 chilldown pump
modification.

hn. ECP 2886, authorized by TAN's 11599Rl and 11702, provided for the
replacement of the conoseal gaskets in the LOX pressurization system.

ho. ECP 2901, authorized by CCO 1896, provided f~r the J=-2 engine bolt
replacement.

hp. ECP 2936, a compatibility ECP, provided the LOX vent valve support
change,

hqe ECP 5015R2, authorized by CCO 1406, provided for metal dust covers
for electrical plugs.

3.4 Time[Czcle Significant Items

Twenty-nine items installed on the stage are time/cycle significant as defined
by design requirements drawings 1B55423, Government Furnished Property Time/
Cycle Significant Items, and 1B55425, Reliability Time/lycle Significant Items,
The following table lists these items, along with the time/cycles accrued on
each at the time of stage transfer to STC, and the maximum allowable limits
prescribed by Engineering.

Part Number and Serial Accumul ated Engineering
Part Name Numberxr Measurement Limit

Reliability Items (1B55425 P):

1A48858~-1 1137 3 cycles 50 cycles
Helium Stcrage Sphere 1175 3 cycles 50 cycles
1181 2 cycles 50 cycles
1211 2 cycles 50 cycles
1212 2 cycles 50 cycles
1213 2 cycles 50 cycles
1215 2 cycles 50 cycles
1217 2 cycles 50 cycles
1219 2 cycles 50 cycles
1A49421-507 154 No Data 100 hours
IBZ Chilldown Pump Available**
1A49423-507 1871 1.16 hours 20 hours

LOX Chilldown Pump

*%Recent addition to 1B55425, no data kept on this unit to date,
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Part Number and Serial Accumulated Engineering
Part Name Number Msasurement Limit
1A59562~505 5018 355 cycles 5,000 cycles
PU Bridge Potentiometer 5020 383 cycles 5,000 cycles
1A6624-511 XA58912 14.5 hours 120 hours
Auxiliary Hydraulic Pump 47 cyclas 300 cycles
1B76452-511 20 114 cyclas 100,000 cycles
Control Relay Package 17 87 cycles 100,000 cycles

G.F.P, Items (1B55423 G**

40M39515-113 292 20 firings 1,000 firings
EBW Firing Unit 293 14 firings 1,000 firings
298 44 firings 1,000 firings
299 16 fiirings 1,000 firings
40M39515-119 554 29 firings 1,000 firings
; EBW Firing Unit 555 26 firings 1,000 firings
¥
() 50M10697 182 17.2 hours 2,000 hours
i . Command Receiver 189 16.5 hours 2,000 hours
3
% 50M10698 0039 110.2 hours 2,000 hours
p Range Safety Decoder 0181 20.8 hours 2,000 hours
; 50M67864~5 178 64,011 cycles 250,000 cycles
1 Switch Selector
103826 J3-2122
% J-2 Engine (for gimbal cycles)*
% a, Customer connect lines
and inlet ducts 0.51 percent 250-10,000 cycles
b, Gimbal bearing 0.49 percent 250-10,000 cycles
c, Firing time 351.0 seconds 3,750 seconds
d. Helium Regulator Not established

(P/N 558130)

*These data include all engine gimbal cycles at SSC, plus cycles brousht forward
from Rocketdyne records. The cycle data is expressed as a percent o . '28ign
limits based on the gimbal angle, and can vary from 250 to 10,000 + cycles as
noted., The indicated percentages were computed from the Engine Log Records
utilizing the graph per Rocketdyne Rocket Engine Data Manual R-3825-],
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§;~ A detail:d narration of the stage checkout is presented in this section in the

% chronological order of testing. The major paragraphs comprising the detailed

| narratrive are: 4.1 Stage Manufacturing Tests; and 4.2 Stage Checkout -~ SSC/VCL.
These major paragraphs are subdivided to the degree required to present a com-

L plete historical record of stage checkout.

%V

Permanent noncoxformances and functional failures affecting *he stage have
been recorded on FARR's, and are referred to by serial number throughout this
section (e.g., FARR A271264). The referenced FARR's are presented in numerical
order in Table I and Table II of Appendix II.

4.1 Stage Manufacturing Tests

During the manufacturing sequence of the stage, two major manufacturing tests
were conducted to verify the structural integrity of the stage propellant

tank assembly. These two tests, the hydrostatic proof test and the propellant
tanks leak check, are presented in this paragraph. FARR's refereiceu in this

paragraph are presented in Table I of Appendix II.

4,1.1 Hydrostatic Proof Test (1B38414 J)

The hydrostatic proof test was conducted on the tank assembly for the stage
to ensure the structural integrity o/ the LOX and LH2 tanks and to verify
that the tank assembly could withstand the required test pressures without
leakage or damage. The item subjected to this test was the tank assembly,
P/N 1A39:03-535, S/N 508, without the thrust structure installatiocn, P/N
1A39312, the LOX sump installation, P/N 1A39154, or the LH2 door installation,
P/N 1B54441.

The hydrostatic proof test was accomplished on 8 and 9 August 1967, using
acceptance test procedure (ATP) A659-1B38414-1-PATP16. The test involved
varying the water head pressure inside and outside the LOX and LH2 tanks,
while varying the water in the cest tank to equalize the hydrostatic head




4.1.1 (Continued)

pressure across the skin of the tank assembiy, a2+ required to accomplish

the fcllowing:

a. Proof the common bulkhead to a positive (internal) pressure differ-
ential of 27.5 +0.5, -0.0 nsi, and the LOX tank at the common
bulkhead joint to 28.7 +0.5, -0.0 psi.

b. Prooi the common bulkhead to a negairive (external) pressure differ-
ential of -20.6 +0.0; -0.5 psi, and the LHZ tank at the common
bulkhead joint to 22.5 +0.5, -0.0 psi.

c. Proof the aft LOX tank to a positive (internal) pressure differen-
tial of 51.0 +0.5, -0.0 psi, and the common bulkh2ad at the common
bulkhead to aft dome joint to 19.2 +0.5, -0.0 psi.

d. Proof the LH, tank aft dome to 38.0 +0.5, -0.0 psi, and the common
bulkhead at %he common bulkhead to aft dome joint to a positive
(internal) pressure differential of 5.2 0.0, -0.5 psi.

The water head pressures were varied by adjusting the water levels in the hydro-

static test tower outer tank, LOX tank standpipe, and LH, tank standpipe.

2
There was no direct correlation between the standpipe water levels used during

the test and the specified pressure requirements, but the levels used were

those established by Engineering to provide the required pressures.

The following water levels were achieved during the appropriate steps of the
procedure. For the LOX tank pressure check the outer tark was empty, the LOX

standpipe level was 81.0 feet, and the LH  staudpipe level was 36.7 feet.

2
For th. common bulkhead positive pressure check the outer tank was full to the

top of the LH, tank, the LOX standpipe level was 56.2 feet, and the LH, stand-

2 2
pipe level was 2.8 feet. For the common bulkhead negative pressure check the

outer tank was full, the LOX standpipe level was 3.9 feet, and the LH, stand-

2
pipe level was 51.7 feet. For the LH2 tank pressure check the outer tank was
full, the LOX standpipe level was 99.6 feet, and the LH, standpipe level was

2
87.6 feet.

For each check, the levels were maintained for 5 minutes, to verify that there
was no leakage or damage in the tank assembly. Following the test, the tank
assembly and test tower were drained, and the tank assembly was rinsed and

dried in nreparatica for further manufacturing operations.
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m G 4.1.1 (Continued)
Ix
¥§ No major discrepancies or problems were encountered during this test, and no
FARR's were written. Three revisions were made to the procedure:
a. Two revisions changed the outer tank fill operation to verify that
GSE panel indicator F17 indicated LOW (LOX 99.6 foot level), rather
- than LOW (LOX 81.0 foot level), and indicator F8 indicated CLEAR,

: rather than HI.

b. On2 revision noted that the test was halted during the initial LOX
tank fill operation because of leakage at the conoseal of the GSE
11 inch LOX tank fill line. The test was restarted after the conoseal
was replaced.

4.1.2 Propellant Tanks Leak Check (1B38414 J)

The propellant tanks leak check verified the integrity of the stage tunk
assembly, and ensured that no leaks existed in the tank assembly welds, or
in areas where the tank wall was penetrated by lockbolts or other fasteners
attaching structural items to the tank assembly. The item tested by this
procedure was tank assembly, P/N 1A39303-535, S/N 508,

The leak check was initiated on 16 August 1967, using test procedure A659-
1B38414-1-PATP30, and was completed on 17 August 1967, after 2 days of
activity. There were no part shortages at the start of the test, and no

parts were changed as a result of the test.

The first part of the test was a preliminary leak check of the production
test equipment (PTE). The LOX tank was pressurized to 3.2 psig with gaseous
nitrogen, and bubble solution was used to check the LOX tank PTE adapters and
connectors for leakage. Upon completion of the LOX tank check, the LH, tank

2

was pressurized to 3.2 psig with gaseous nitrogen, and the LH2 tank PTE

adapters and connections were similarly checked with bubble solution.

A tank assembly integrity test was then started by pressurizing the LOX tank
to 12.1 psig, and the Lh2 tank to 12.0 psig, with gaseous nitrogen. The nitrogen
supply valves were then closed and the tank pressures were noted. After 10

. minutes, the tank pressures were measured as 12.0 psig for the LOX tank, and

AN




e

bl

4.1.2 (Continued)

11.9 psig for the LH2 tank, indicating that there was no major tank leakage.

The tanks were then vented to atmosphere until the pressures in the LOX and

LH, tanks reached 8.3 psig each..

2

The last phase of the test was a freoan injection test. The freon gas was
flowed into the tanks at 20 cubic feet per minute until the tank pressures
reached 10.2 psig for both the LH2 tank and the LOX tank. The freon system
downstream of the evaporator, and from the evaporator to the freon bottles,
was then bled to atmosphere. After allowing 1 hour for freon gas diffusion,
bubble solution and a halogen detector were used to leak check the tanks at
all weld areas and at all lockbolts or other structural fasteners that pene-
trated the tank wall. At the conclusion of the freon leak check, the tanks
were exhausted to atmosphere, then purged with dry air and recapped to ensure

cleanliness.

No discrepancies were noted during the operation of this procedure, and no

FARR's were written. No revisions were made to the procedure.
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& 1) 4.2 Stage Checkout - SSC/VCL
i
é?i This paragraph details the tests performed on the stage in the Vehicle Check-

out Laboratory (VCL) at the Space Systems Center, prior to transfer of the

stage for shipment to the Sacramento Test Center. The stage was placed in tower
5 of the VCL on 22 January 1968. System checkcuts were initiated on 30 January
1968, and continued until 29 May 1968. Checkout activity was active for 86
working A-ys during this period. All tests required by the End Item Test Plan,
1B6665: ..7, dated 8 August 1967, were activated and completed.

At the time of the final all systems simulated flight test, two items were not

”
3

installed, and three other items were considered interim use parts. The missing
items were the 70 pound thrust ullage engines, P/N's 15-210001, which were not
installed in either APS module. The interim use parts were the APS attitude
control relay modules, P/N 50M35076-1, S/N 335, and P/N 1B57731-1, S/N 361, and
the J-2 engine LOX augmented spark ignitor pipe assembly, P/N 410117-11.

Paragraphs 4.2.1 through 4.2.38 contain information on the individual tests

conducted, and are presented in the sequential order of testing.

4.2.1 Forward Skirt Thermoconditioning System Checkout Procedure (1B41926 D)

Before automatic checkout activities were started on the stage, the forward
skirt thermoconditioning system was functionally checked by this procedure to
prepare it for operation and to verify that the system was capable of supporting
stage checkout operations. The items involved in this test were the forward

skirt thermoconditioning system, P/N 1B38426-515, and the GSE Model DSV-4B-359

thermoconditioning servicer, P/N 1A78829-1.

The checkout of thz forward skirt thermoconditioning system was started on
30 January 1968, and was completed and accepted on 6 February 1968, after
6 days of activity.

After the preliminary setup of the Model 359 GSE servicer and an inspection of
the forward skirt thermoconditicning system for open bolt holes and properly
torqued bolts, the thermoconditioning system was purged with freon gas, and

then pressurized to 32 +1 psig with freon. A system leak check was conducted

33
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4.2.1 (Continued)

using a gaseous leak detector, P/N 1B37134-1, set to a sensitivity of 1 on
the OZ/YEAR-R12 scale. No leakage was found at any of the system B-nuts and
fittings, manifold weld areas, panel inlet and outlet boss welds, or manifold

flexible bellows.

The thermoconditioning system was purged with GN2, then water/methanol coolant
was circulated through the system. Coolant samples were taken from the

fluid sample pressure valve (system inlet) and the fluid sample return valve
(system outlet), and checked for cleanliness, specific gravity, and temperature.
The cleanliness analysis showed that the few contaminant particles in the
coolant were well within acceptable limits. The specific gravities of the

samples were 0.903 and 0.900, at a temperature of 60°F each.

A differential pressure test was conducted by measuring the pressure difference
between the thermoconditioning system inlet and outlet while a coolant flow rate
of 7.8 +0.1 gpm was maintained. The coolant temperature was also measured at
the system inlet and outlet. Ten measurements, taken at 2 minute intervals,
showed that the differential pressure varied from 14.55 psid to 14.8 psid.

The supply (inlet) temperature varied from 58°F to 62°F, and the return (outlet)

temperature varied from 59°F to 63°F.

Finally, an air content test was performed by stabilizing the thermoconditioning
system coolant static pressure at 2C +0.5 psig, and draining sufficient fluid
from the system to reduce the static pressuze by 15 +0.5 psig. The quantity

of fluid drained was measured as 45 cc, acceptably less than the 48 cc maximum
permissible quantity for the five cold plate configuration of the thermocon-

ditioning systemn.

Engineering comments indicated that all parts were installed at the start of
the test. No stage discrepancies or problems were noted during the test and

no FARR's were written. No revisions were made to the procedure.

One GSE problem occurred on the second day of activity, when the temperature
switch in the Model 359 servicer failed to maintain the proper coolant temp-

erature. IIS 378208 noted that the coolant temperature was 66°F, when it

PRy
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R should have been 60 tZ“F. One replacement switch also failed to maintain the
proper temperature, and two other replacement switches leaked coolant. The
problem was corrected on the fifth day of activity when a fourth replacement

switch operated satisfactorily.

4.2.2 Continuity Compatibility Check (1B59780 E)

Prior to mating the stage to the VCL electrical support equipment, an end-to-
end continuity check was made of all electrical cables and wire harnesses
installed on the stage, to ensure the integrity of the stage electrical systems,
and to verify that the stage was prepared for the application of electrical
power for VCL testing. Where possible, the end-to-end continuity of wire runs
was measured through electrical component boxes. The test involved all wire

harnesses and electrical wiring installed on the stage.

Initiated on 5 February 1968, the procedure was completed on 15 February 1968,
after a total of 9 days of activity. The procedure was certified and accepted

(:3 on 28 February 1968,
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Stage wiring continuity was verified by a total of 2083 individual point-to-

point resistance measurements, specified in the test procedure by reference

item numbers, "from' component, cable, plug, and pin designations, and ''to"
component, cable, plug, and pin designations. There were 1973 of the measurements
within the original resistance requirement of 1.0 ohm or less. For an additional
78 measurements, indications between 1.0 and 3.0 ohms were acceptable because

of the length and type of wire involved. Another 32 measurements were accepted

with indications of 50 +5 ohms, as these measurements were made through modules

containing 49.9 ohm resistors.

Engineering comments noted that there were no parts shortages affecting this
test. Several problems were encountered and satisfactorily resolved during
the test. Three high resistance measurements were corrected by disconnecting
and remating connector plugs. One incorrect reading resulted from a wiring
change, and was corrected by a procedure revision. Several wire harnesses

were reworked to the proper configuration to resolve other problems. Two FARR's
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(Continued)

were also written during this test:

a.

FARR A271264 noted three problems. Wire 4P9A22 was severed et contact
404W7P23-B on wire harness, P/N 1B66971-1, S/N 8257. This was reworked
to an acceptable condition. Th~ resistance through connector
404A3W1P10 on wire harness, P/N 1B66966-1, S/N 3, varied from 0.1 to
4.5 ohms when the connector was mated to receptacle ul on relay

module 404A3A10, P/N 1B39550-513, S/N 13. This exceeded the 1.0 ohnm
maximum resistance limit. The cornector, P/N 1A97494-583, was
rejected by FARR A271267, and a replacement was installed and accepted.
The resistance through connector 404A2W1P24 on wire harness, P/N
1B67271-1, S/N 3, varied from 0.1 to 3.1 ohms when the connector was
mated to bus module 404A2A24, P/N 1B51354-513, S/N 14. This exceeded
the 1.0 ohm maximum resistance limit. The connector, P/N 1A97494-587,
was rejected by FARR A2712:-" and a replacement was installed and
accepted.

FARR A271266 rejected 50 ampere velay o ‘ule 411A99A10A2, P/N 1A74890-
501, S/N 139, for a resistance of 2.0 ohms between J3-H and Jl-x, W, s,
and r, exceeding the 0.5 ohms maximum limit. A new module, S/N 145,
was installed and accepted for use.

Ten revisions were made to the procedure:

a.

Two revisions noted the 78 measurements that were acceptable at 1.0
ohm to 3.0 ohms, because of the wire types and iengths, and the 32
measurements that were acceptable at 50 +5 ohms, because the measure-
ments were made through modules containing 49.9 ohm resistors.

One revision added a general note to verify that connectors 404W7P9
and 404W7P10 were coiled and stowed prior to testing, as required
by EWO 32960.

One revision changed an encd point reference to be 404W004J1-18
rither than 404W004J1-U, as listed, to correct a computing error.

One revision changed the end points for five measurements, and added
two new measurements, to incorporate wiring changes accomplished by
EWO 32983 (WRO 3653) after the procedure was released.

Five revisions changed the end poirts for four measurements because
the umbilical carriers were installed at the time of the test, and
for one measurement because the GSE cables were installed at the
time of the test.

4.2.3 Forward Skirt Thermoconditioning System Operating Procedure (1B42124 B)

This manual procedure controlled the setup and normal daily operation of the

GSE thermoconditioning servicer, P/N 1A78829-1, used to supply water/methanol

coolant to the forward skirt thermoconditioning system, P/N 1B38426-515. The
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water/methanol coolant provided the heat source or sink, as necessary, for
proper operation of the forward skirt mounted electronic components during
VCL checkout.

Initiated on 6 February 1968, the procedure was used as required until

24 May 1968, and was certified and accepted on 29 May 1968. The GSE servicer
was set up for operation, and the coolant supply and return hoses, P/N's
1B37641-]1 and =501, were verified to be connected between the servicer and the
stage thermoconditioning system. The servicer fluid level was verified to be
within the proper limits. The panels of the forward skirt thermoconditioning
system were inspected to verify that there were no open equipment mounting bolt
holes. The servicer was purged with gaseous nitrogen, and power was applied to

the servicer.

For normal operation during VCL testing, the servicer was continuously purged
with gaseous nitrogen to prevent any possible ignition of the methanol vapors
within the servicer. When required for use, the servicer was turned on, the
fluid temperature control was adjusted to stabilize the supply temperature
gauge reading between 80°F and 90°F, and the servicer flowmeter indication was
verified to be 7.8 +0.3 gpm. The water lines, the servicer internal piping,
the pressure and return hoses to the stage, and the stage system were visually
checked for leakage. At 30 minute intervals during automatic checkout opera-
tions, a check was made to verify that the supply temperature, the coolant
flowrate, the coolant supply and return pressures, the gaseous nitrogen source
pressure, and the servicer fluid level were within the proper limits, and

that there was no leakage. At the end of each use, the servicer was shut
down, and it was verified that the servicer filter differential pressure
indicator buttons were down, and that the coolant pump was stopped with a
flowrate of approximately zero gpm. At the conclusion of VCL testing, the
servicer and thermoconditioning system were secured by the Forward Skirt
Thermoconditioning System Postcheckout Procedure, H&CO 1B62965, (reference

paragraph 4.2,.38).
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Engineering comments noted that there were no parts shortages affecting this
test. No problems were encountered during this proceduve, no FARR's were

written, and no revisions were made to the procedure.

4.2.4 Engine Alignment Procedure (1B39095 B)

The engine alignm»n* procedure was conducted to verify that the exit plane
of the J-2 engine thrust chamber was properly aligred with respect tu the
S-IVB stage structure. The items involved in this test were the J-2 engine,
P/N 103826, S/N J2122; the hydraulic pitch actua..r, P/N 1A66248-507, S/N 77;
the hydra..lic yaw actuator, P/N 1A66248-507-012, S/N 66; and the stage,

P/N 1A39300-523, S/N 508.

The engine alignment verification was satisfactorily accomplished on 7 February

1968, and was accepted on 8 February 1968.

A Wild N-3 alignment scope was first used to determine the difference in

elevation of datum plane 'G" at four locations around the stage periphery.

Datum plane "G" was defined as the mating surface between the aft skirt and j)
the handling ring. The elevations at the four locations were determined to

be 2.000 inches, 1.990 inches, 2.020 inches, and 1.995 inches. The maximum

deviation between any two locations was 0.030 inch, well within the 0.062

inch maximum deviation limit.

The engine exit plane alignment fixture, P/N 1B54581-1, was positioned and
attached to the J-2 engine exit flange, and two clinometers, P/N 1B29013-1,
were positioned on the machined surface block of the fixture. From the cli-
nometer readings, the pitch plane adjusted angle was found to be 6.8 minutes
low toward stage position I, and the yaw plane adjusted angle was found to be
5.3 minutes low toward stage position IV. From these measurements, the
adjusted exit plane inclination angle was determined to be 8.6 minutes, with
the low quadrant between stage positions I and IV. This exit plane inclina-

tion was well within the maximum inclination limit of 21 minutes.
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4.2.4 (Continued)

As the inclination angle was acceptable, no adjustment of either hydraulic
actuator was required. For each of the actuators, the engine log book length,
the adjusted actuatcr .ength, and the final actuator length, were obtained
from the data tags provided by the pre-installation actuator adjustment pro-
cedure, drawing 1B66209, and recorded. For the pitch hydraulic actuator,

S/N 77, these lengths were 23.002 inches, 22.965 inches, and 22.966 inches,
respectively. For the vaw hydraulic actuator, S/N 66, these lengths were
22.998 inches, 22.962 inches, and 22,966 inches, respectively.

Engineering comments indicated that all parts were installed at the start of
the test. No discrepancies were noted duri ; the test. No FARR's were written,

and no revisions were made to the procedure.

4.2.5 Propulsion Component Internal Leak Check (1B59455 A)

The propulsion component internal leak check was performed to determine reverse
seat leakage (if any) of the pneumatic pressurization system check valves. The
test was initiated and completed on 7 February 1968, and was accepted on

8 February 1968.

Reverse seat leakage tests were conducted on the six pneumatic control system
check valves, P/N 1B51361-1, S/N's 288, 335, 363, 384, 386, and 402; t-e ambient
helium fill module, P/N 1A57350-507, S/N 234; the LH2 tank pressurization
system check valve, P/N 1B65673-1, S/N 30; the two LOX tank pressurization
system check valves, P/N 1B40824-507, S/N's 125 and 131; the LOX repressuriza-
tion system check valve, P/N 1B40824-505, S/N 193; the LOX and LH2 burner line
check valves, P/N 1B40824-507, S/N's 128 and 129; and the LOX and LH2 repressur-

ization module check valves, P/N 1B51361-501, S/N's 318 and 320.

All components tested were installed in the pneumatic control system prior to

beginning the test and were reinstailed at the conclusion of the test.

The check valve reverse pressure seat leakage tests were accomplished by con-
necting a helium source to the outlet of the chack valve, using an appreopriate
0 to 60 psig, O to 600 psig, or O to 5000 psig pressure gauge, and attaching

a flowmeter to the inlet of the valve to determinc the lezkage after 1 minute
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of pressurization. Check valves, P/N 1L51361-1, were tested at 1500 +100 psig,
with a 10 scim maximum allowable leakage, and cherk valves, P/N 1B40824-507,
were tested at 1500 +100 psig, with a 1 scim maximum allowable leakage. Check
valves, P/N 1B51361~-501, were tested at 1500 +100 psig and 28 +3 psig,

with 10 scim maximum allowable leakage at each pressure. Check valve,

P/N 1B40824-505, was tested at 825 +25 psig and 28 +3 psig, with 20 scim
maximum allowable lecakage at each pressure. Check valve, P/N 1B65673-1, was
tested at 300 psig and 28 43 psig, with 10 scim maximum allowable leakage

at each pressure. The ambient helium fill module, P/N 1A57350~-507, was tested
by pressurizing the module outlet to 1500 +100 psig, and determining the com-
bined leakage at the module inlet and vent. The maximum allowable combined

leakage was 10 scim.

The leak check was successfully passed by all components. The only leakage
noted was 0.3 scim through check valve, P/N 1B51361-1, S/N 402, well within
the 10 scim allowable limit.

Engineering comments noted that there were no parts shortages affecting this
test. No problems were encountered, and no FARR's were written. One revision
was made to the procedure, to correct typing errors. One of the pressure

gauges was to be O to 5000 psig, rather than O to 500 psig as listed, and the
ambient helium fill module was to be P/N 1A57350-507, rather than -570 as listed.

4.2,6 Cryogenic Temperature Sensor Verification (1B64678 C)

This manual procedure verified the operation and calibration of each cryogenic
temperature sensor on the stage for which the normal operating range did not
include ambient (room) temnerature. These cryogenic temperature sensors are
basically platinum resistance elements for which the resistance changed wi*"

the temperature according to the Callendar - Van Dusen equation.

The procedure was accomplished on 9 and 12 February 1968, and was accepted on
14 February 1968. On 23 February 1968, a second issue of the procedure was
initiated to check three additional sensors. A problem with the test equipment
delayed these checks until 6 March 1968, a.d the second issue was completed on

N W W
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;Qf this date, and was accepted on 7 March 1968. The second issue of the procedure

covered only the three added sensors, and did not affect the measurements made

by the first issue.

For each sensor tested, the procedure specified a resistance value at 32°F and a
sensitivity value. Using these values and the meusured ambient temperature,
the expected ambient temperature resistance was calculated for each sensor. The
W applicable resistance tolerance was also calculated for each sensor. This
% toleraance was 5 percent of the expected resistance, exce.t for eleven speci-
K3 fied sensor types which were allowed a 7 percent tolerance. The actual ambient
resistance of each sensor was then measured and verified to be within the
i nlicable tolerance of the expected resistance. The sensor wiring was verified
.v be correct by shorting out tkce sensor element, measuiring the continuity
resistance, and verifying that this was 5.0 ohms or less. Test Data Table

4.2.6.1 shows the measured and calculated values for each sensor involved ’n

thiis test.

Engineering comments noted that there were nc parts shortages affecting this
test. No stage problems were encountered during the test, and no FARR's were
written. One revision was made to the first issue of the procedure, tc delete
testing of thc censors for measurements CO 384 and CO 391, as these measurements
were used only on Stages 503 through 505. Four revisions were made to the

second issue of the procedure:

3. One revision added three temperature sensor measurements for the
O.H, burner voter circuit, as these nm._asurements were not in the

first issue of the procedure.

b. One revision deleted the measurement number listinge for the three
added sens>rs, as none were assigned.

c. One revision deleted the requirement for all sensor measurements that
were previously accompiished by the first issue.

d. One revision provided f{or rewiring test adapter cable, P/N 1B64095-1,
to perform the -‘easurements on the three O2Hy burner voter sensors.
Because of a difference in sensor wiring, the only available adapter
cable could noc be used until the cable wiring was changed.

41
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Meas

Number

co

CO

co

co

Cco

co

co

co

cc

co

co

co

Cco

ce

Cco

co

co

Cco

Cco

co

*

003
004
005
009
015

040

161

208

231
256
257
368
369
370

371

t Data Table, Cryogenic Temperature Sensor Verification
Temp Resistance (ohms)

Rei De ig (°F) Meas

Sensor
P/N S/N
1B344/3-1 320 403MT686
1B34473-501 340 403MT687
1A67863-502 852 405MT612
1A67863~535 1187 403MT653
1A67863-509 1151 410MT603
1A67862-505 604 406MT613
1A67862-513 563 408MT612
1A67862-5:1 554 406MT606
1A67862-517 571 406MT611
NA5-27215T5 - 4J1 (3MTT17)
NA5-2727515 - 401 (3MTT16)
1A67863-519 1212 424MT610
1A67863-537 1254 404MT733
1A67863-503 751 405MT605
1A67863-509 1183 403MT706
1A67863-529 1167 403MT707
1837878-501 1505 409MT646
1B37878-501 1424 409MT647
1A67862~505 605 4C6MTE S0
1A67862-505 2751 406MT661
1A67862-533 610 4C8MT735
1A67852-533 635 4CLMT736
1B27%79-507 1762 463,20
1B37878-507 1599 403A21
1537878-567 1729 40 3A22
* Seccend Issue Measurument
42

72.5
72.5
72.5
72.5
75.

72.5
75.

72.5
72.5
72.5
72.5

712.5

5200.
1530.
5417.
221.
1530.
1520.
5180.
S47.
546.
1370.

1361.

5240.

548.
1536.

547.
1530.
1530.
1499.
1513.
5200.
5200.
5190.
519«.

5192.

Calz

5445.5
1524.74
544.55
217.82
1532.44
1503.12
5473.0
5¢4.55
544.5
1367.78
1367.78
217.82
5445.5
544.55
15. .74
544.55
1529.36
1532.44
1503.12
1503.12
5473.0
5467.5
5396.
5396.

5396.

+Tol

381.19
76.24
27.23
10.9
76.62
75.16

383.12
27.23
27.22
68.39
68.39
10.9

381.19
27.3
76.24
27.22
76.47
76.62
75.16
75.16

383.11

273.38

377.7

377.7

377.7

Cont
1.2

1.3
1.6
1.7
1.1
1.3
1.8
1.2
1.4
0.7
0.7
1.0
0.8
1.5
1.2
1.2
1.0
0.8

1.0

“w/



."

I ey
ry Y ¢

ey eotpndtel et 7
b, iR e D

-,

et o]

Ay

H PPN AU 10 R 0 A G g

£
H
iz'

4.2.7 Umbilical Interface Compatibility Check (1B59782 F)

The integrity of the stage umbilical wiring was ensured by this procedure

through verification that the proper loads wc.re present on all power buses,
and that the control circuit resistances for propulsion valves and safety
items were within the prescribed tolerances. The procedure involved the stage

umbilical system electrical wiring and components.

This procedure was accomplished on 13 February 1968, and was accepted on

14 February 1968. One measurement was reaccomplished on 21 February 1968
during the disposition of FARR A271295, below, and the procedure was reaccepted
on 15 March 1968. A series of resistance checks were made at specified test
pcints on the Model DSV-4B-463 signal distribution unit, P/N 1A59949-1, to
verify that all wires and connections were intact and of the proper material
and wire gauge, and that all resistance values and loads were within the design
requirement limits. The test points, circuit functions, measured resistances,
and resistance limits are shown in Test Data Table 4.2 7.1. Test point

463A1A5J43-FF was used as the common test point for all measurements.

Engineering comments indicated that all parts were installed at the start of

this procedure. No problems or malfunctions were encountered during the

test, and no revisions were made to the procedure. After the test was crmpleted,
IIS 378317 was written for unauthorized cycling of a motor driven switch to
obtain an acceptable resistance reading during the test. FARR A271295 rejected
relay module 404A2A7, P/N 1A74890-501, S/N 113, for an initial resistance of

19 ohms on the engine control bus power on line, exceeding the 5 to 15 ohms
limit. The relay module was cycled twice to verify that it operated properly,
and the engine control bus power on resistance at test point 463A2CB-11-2

was remeasured and found to be -~cceptable, as shown in Test Data Table 4.2.7.1.

The relay module was then accepted for use.

4,2.7.1 Test Data Table, Umbilical Interface Compatibility Check

Limit
Test Point Function Meas. Ohms Ohms
R.ference Designation 463A2
A2J29-C Cmd, Ambient Helium Sphere Dump 30.0 10-60
CB-8-2 Cmd, Engine Ignition Bus Power Off Inf Inf
CR-9-2 Cmd, Engine Ignition Bus Power On 15.0 5-15
CB-10-2 Cmd, Engine Control Bus Pow.:r Off Inf Inf
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4.2.7.1 (Continued)

Test Point

Function

Reference Designation 463A2

CB-11-2
A2J29-N

A2J29-P
A2J29-Y
CB-4-2

A2J29-¢c
A2J29-h
A2J29-i
A2J29-gq
A2J330-H
£2J30-W
A2330-X
A2J30-Y
A2330-Z
A2J30-b
A2J30-¢
A2330-d
A2J30-e
A2J42-F

A2J35-y
A2J6~iA

Cmd, Engine Control Bus Power On

Cmd, Engine Helium Emergency Vent Control
On

Cmd, Fuel Tank Repress. Helium Dump Valve
Open

Cmd, Start Tank Vent Pilot Valve Open
Cmd, LOX Tank Cold Helium Sphere Dump
Cmd, LOX Tank Repress. Helium Sphere Dump
Cmd, Fuel Tank Vent Filot Valve Open
(Same, reverse polerity)

Cmd, Fuel Tank Vent Valve Boost Close
(Same, reverse pclarity)

Cmd, Ambient He Supply Shutoff Valve
Close

Cmd, Cold He Supply Shutoft Valve Close
(Same, reverse polarity)

Cmd, LOX Vent Valve Open

(Same, reverse polarity)

Cmd, LOX Vent Valve Close

(Same, reverse polarity)

Cmd, LOX and Fuel Prevalve Emergency Close
(Same, reversr. poiarity)

Cmd, LOX and Fuel Chilldown Pilot Valve
Open

(Same, reverse polarity)

Cmd, LOX Fill & Drain Valve Boost Close
Cmd, LOX Fill & Drain Valve Open

Cmd, Fuel Fill & Drain Valve Boost Close
Cmi, Fuel Fill & Drain Valve Open

Meas, Bus +4D111 Regulation

Meas, Bus +4Dl141 Regulation

Sup, 28v Bus +4D119 Aft Talkback Power

Reference Designation 463Al1

A5J41-A
A5J41-E

A5J53-AA

4.2.8 Aft Skirt and Interstage Thermoconditioning and Purge System

Meas, Bus +4D131 Regulatiorn
Meas, Bus +4D121 Regulatioun
Sup, 28v +4D119 Forward Talkback Power

(1B40544 D)

Meas. Ohms

~N

2.3K

7

4.0

0.0

Limit :)

Ohms

s-15
10-60

10-60

10-60
10-60
10-60
10-300
500K min
19-80
SO00K min
10-60

1.5K max

Inf

10-80

SO00K min

10-80

500K min

10-80

500K min

10-80 j)

500K m’a
10-40
10-40
10-40
10-40
100 min
50 min
60-120

20 min
1.6K min
60-100

Th.e checkcut of the aft skirt and interstage thermoconditioning and purge

system was accomplished oy this test procedure to verify that the airflow

characteristics of the system were correct, and to show that the system could
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4.2.8 (Continued)

provide the inert enviromment required in the aft skirt and interstage area
during all prelaunch ard test firing operations involving the use of LHZ. The
items involved in this test were the aft akirt and interstage thermoconditioning
and purge system installation, P/N 1A67973-515, and the GSE Model D5V-4B-651

aft skirt ventilation system kit, P/N 1B38121-1.

This checkout procedure was initiated on 14 February 1968, and was completed
and accepted on 15 February 1968. Preoperation setup steps were accomplished
to prepare the Model 651 ventilation system for use, to connect it to the stage,
and to cover and seal open holes in the stage system airflow areas. The
flanged duct, P/N 1A67978, was disconnected from the thrust structure and
helium bottle 6, and the two open ends of the duct were sealed. The stage
system tests were conducted by installing various size orifices in the metering
duct of the Model 651 aft skirt ventilation system, opening and closing various
purge and ventilation holes on the stage, and measuring the Model 651 metering
duct pressure difference and the main manifold pressure, while air was blown

through the stage system.

For the main manifolu leakage and fairing purge test, a 1.4 inch diameter ori-
fice, P/N 1B38983-503, was inc:talled, and the main manifold orifices in the
staticn 241 frame, the hydraulic system accurulactor reservoir shroud ventila-
tion holes, the thrust structure supply duct, and the helium bottle shroud
supply duct were sealed. From the measured metering duct orifice pressure
difference cf 20.0 inches of water, and the main manifold pressure of 3.8 inches
of water, it was determined that the leakage and fairing purge area was 3.5

square inches.

For the helium bottle shroud flow test, a 2.1 inch diameter orifice, P/N
1B38983-507, was installed, the flsnged duct, P/N 1A67978, was unsealed and
connected to helium bottle », the mzin manifold orifices in the station 241
frame and the thrust structure supply duct were sealed, and the hydraulic system
accumulator reservoir shroud ventilation holes and helium bottle shroud supply
duct were opened. From the metering duct pressure difference of 21.5 inches of

water and tine main manifold pressure of 2.8 inches cf water, the gross helium
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bottle shroud purge area was found to be 9.4 square inches. Subtracting the
leakage and fairing purge area, the net helium bottle shroud purge area was
5.9 square inches, well within the 6.8 +1.2 square inches requirement. The

flanged duct was disconnected from the helium bottle and resealed.

For the thrust structure flow test, a 2.1 inch diameter orifice, P/N 1B38983-
507, was installed, the flauged duct, P/N 1A67978, was unsealed and connected to
the thrust structure, the main manifold orifices in the station 241 frame, the
hydraulic system acc'mulator reservoir shroud ventilation holes, and the helium
bottle shroud supply duct were sealed, and the thrust structure supply duct

was opened. From the metering duct pressure difference of 20.0 inches of water
and the main manifold pressure of 4.2 inches of water, it was determined that
the gross thrust structure purge area was /.4 square inches. Subtracting the
previously determined leakage and fairing purge area, the net thrust structure
purge area was 3.9 square inches, well within the 4.1 +1.0 square inches
requirement. The flanged duct was disconnected from the thrust structure and

resealed.

For the main manifold orifice flow test, a 5.2 inch aiameter orifice,

P/N 1338983-511, was installed, all main manifold orifices were opened, the
wain manifold orifices in the station 241 frame and the hydraulic system
accurulator reservoir shroud ventilation holes were opened, and the thrust
structure supply duct and the helium bottle shroud supply duct were sealed.
From the metering duct pressure difference of 4.8 inches of water and the main
manifold pressure of 2.0 inches of water, the gross main manifold purge area
was found to be 45.25 square inches. Subtracting the leakage and fairing purge
area, the net m2in manifola purge area was 41.75 square inches, well within the

-

44.2 +6.0 square inches requirement.

At the completion of the test, both open ends of the flarged duct, P/N 1A67978,
were unsealed, and the duct was reconnected to the thrust structure and helium
bottle 6. The Model 651 ventilation system was disconnected from the stage,

and the stage was returned to the pre-test condition.

w e meae Fu e mom e ey ] Lo



""\, r‘f\c':" A

I R

"'b' . o - *
Cemtowignlie e
s Pl g

6 AU Y Pl MG AR SN Y

4.2.8 (Continued)

Engineering comments indicated that there were no part shortages affecting the
test. No discrepancies were noted during the test, and no FARR's were written.

Nc revisions were made to the procedure.

4.2.9 Fuel Tank Pressurization System Leak Check (1B59456 C)

This manual procedure leak checked the LH2 tank pressurization system prior to
its use during automatic procedures. The pressurization system consisted of
the ground pressurization line from the aft umbilical and the flight pressuri-
zation line from the J-2 engine, both to the pressurization control module;

the pressurization line from the control module to the LH, tank forward dome;

and the tank ullage pressure sensing lines leading to prezsure switches and
transducers. The repressurization line from the 02H2 burner to the LH2 tank
was also leak checked during this test. The flight pressurization line was
checked during the J-2 engine system leak check, and not as part of this proce-
dure. Leaks were detected by the use of a USON leak detector or leak detection

bubble *luid.

The procedure was accomplished on 15 and 16 February 1968, and was accepted on
16 February 1968. Subsequent to this, the transducer for measurement C231,
which was removed for the leak check , was reinstalled on 20 February 1968.
The facilities pneumatic lines were conr-. ed to the stage aft umbilical

tank pressurizacion system was set up for the test. The

carrier and the LH2
tank repressurization helium coil of thte O_H, burner was pressurized to

LH, 22

400 +10 psig with helium, and the connections were leak checked. For a helium
coil pressure decay check, the pressure was measured as 397.5 psig, aad, after
a 30 minute delay, was remeasured as 395.5 psig, meeting the pressure decay

recuirement for this period. The helium coil was vented at the end of this test.

The GSE Model 321 pneumatic console was then set up and pressurized. The LH2
prepressurization supply valve was momentarily opened while it was audibly
verified that there was no gross leakage in che stage LH2 tank pressuirlzation
system. The supply valve was reopened and the stage system was pressurijzed

to 400 +50 psig with helium. Leak checks were then conducted on all connections

and lines of the system. The LH2 tank pressurization module check valve
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reverse seat leakage was measured as zero scim, meeting the 10 scim maximum

leakage limit.

The LH2 tank pressure switch checkout supply lines were then pressurized with

helium and leak checked, and it was verificd that there was no leakage past
the LH2 pressure switch diaphragms. At the completion of this check, the

system was vented, and the test setups were removed.

Four leaks were located and satisfactorily corrected during this test:

a. Leaks at the downstream B-nut of pipe assembly, P/N 1B63063-1; at
the upstream B~nut of pipe assembly, P/N 1B63062-1; and at the
upstream B~nut of pipe assembly, P/N 1B66843-1, were all corrected
by retorqueing the B-nuts.

b. A leak at the downstr2am B-nut of pipe assembly, P/N 1B67829-1, was
corrected by replacing the adaptor orifice.

Engineering comments noted that there were no parts shortages affecting this
test. Other than the noted leakage, no problems were encountered during the

test, and no FARR's were written. Three revisions were made to the procedure: ‘)

a. One revision deleted reconnection of the repressurization pipe
assemblies, P/N's 1B56858-1 and 1B58859-1, to the LH, piessurization
pipe assembly, P/N 1B66824-1. These lines were to be left discon-
nected until the repressurization system leak check, to prevent
unseating of the shutoff valves during other tests.

b. One revision added a step to the test setup, to disconnect and plug
pipe assembly, P/N 1B62874-1, at its connection to pipe assembly,
P/N 1B66843-1, and to cap the latter. This was to prevent gas from
passing through the burner solenoid valves by way of the pilot bleed
line, P/N 1B62874-1, from the cold helium spheres.

¢. One revision changed the QpH2 burner setup to connect flex lines from
the calibration port of the 1lst stage helium blanket gauge on the
v -~icle monitor panel (VMP) to a test gauge and the burner inlet line,
- .ner than connecting tlex lines from the facility helium supply to
the gauge and burner inlet. This was required as the facility
helium supply connection was being used for a fuel! tank prevalve
change, and the VMP was readily available.

- — - - L] i L]



§§' 4.2.10 Stage Power Setup (1B66560 C)

Prior to initiating any otnhei. automatic test procedures, the stage power setup
* procedure verified the capability ctf the GSE automatic checkout system (ACS)

K to control power switching to and within the stage, and ensured that the stage
forward and aft power disctribution svetem was not subjected to excessive static
loads during initial setup sequence. . fOnce the procedure was successfully
accomplished, it was used to establish inicial conditions during subsequent
automatic procedures throughout the VCL testing. The prccedure also included
an initial conditions scan routine that could be used at any time to verify
that the stage was prepared for checkout, without zccomplishing the entire

setup procedure.

This procedure was initially conducted on 15 February 1968, with several minor
malfunctions caused by an uninstalled valve, unadjusted point level sensor
control units, and an incorrectly positioned directional vent valve. As these
problems would be corrected during subsequent operations, the procedure was
considered satisfactory for further use. After the problems were corrected,
the procedure was satisfactorily accomplished by a second attempt on

29 February 1968. During subsequent use of the procedure, a 50 amp relav
nmodule, P/N 1A74890-501, S/N 142, failed as noted on FARR 500-238-011, ard a
replacement module was installed. The procedure was then re-accomplished by
the third attempt cn 12 March 1968, and was accepted on the came date. The
following narration and the measurement values shown in Test Data Table

4,2.10.1 are from this third attemrpt.

The test started by resetting all of the matrix magnetic latching relays, and
verifying that the correspcnding command relays were in the proper scate.
Verification was made that the umbilical connectors were mated. The ous 42119
talkback power was turned on, and the prelaunch checkout group wis turned off.
The forward and aft power buses were transferred 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 propulsion lcvel sensor power, were all
verified to be off. The range safety system 1l and 2 receitetr power anc EBW
firing unit powers were all transferred to external and vi:rified to be off.
The switch selector checkout indication enable and the flight measurement

indication enable were both turned on.

49
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The bus 4D131 28 vdc power was turned on, and the forward bus 1 iaitial
curren'’ and voltage were measured. The range safety safe and i:-m device was
verified to be in the SAFE condition. A seriec of steps then set the switch

selector functions to their proper states.

The 70 pound ullage engine reset indication, the LH2 continuous vent valve
reset and overboard valve closed indications, the LH7 and LOX repressurization
mode reser indication, the Lhs and LOX repressurization control valve reset
indication, and the O)Hj burner propellant valve reset indication were all

verified to i e ca.

The prore!.aut utiiization boiloff bias was verified to be off. The CyHj burner
spark syst.. ' 1 and 2 were measured, and it was verified that the O2H2 burner
LOX valve, LOX shutdown valve, and LH valve, and the LH) control vent orifice

bypass valve, were closed.

The forward bus 1 quiescent current was measured. The PCM system grcup was
turned on and the group current was measured. The bus 4D121 2§ vdc power was
turned on, and the forward bus 2 current and voltage were measured. The
prelaunch checkout group was turned on and the current was measured. The

DDAS ground station selector switch was manually set to position 1, and it was

verified that the ground station was in syncronization.

The ERW pulse sensor power was then turned c¢:f, and the cold helium supply
shutoff valve was closed. The bus 4D111 28 vdc power was turned on, and the
aft bus 1 current and voltage were measured. The sequencer power was urned
on and the current was measured. The forward and aft battery load tests were

then turned off, and the stimuli conditioner was reset.

A series of checks then verified that the various stage electrical functions
were properly off or on, and that the stage valves were properly open or closed,
as required for subsequent stage operations., A final series of checks mea: ured
the 5 vdc excitation module voltages, the range safety system EBW firing unit
charging voltages, the aft bus 2 voltage, the forward end aft bus battery
voltages, and the component test power voltage. This completed the stage power

setup.

S
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4.2.10 (Con=-inued)
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Following the completion of the stage power setup, the initial conditions scan

¥

part of the procedure was accomplished. This verified that the stage electrical

N,
Fa

functions were properly off or on, tuat the stage valves were properly open or
closed, and that various stage voltages were within the proper limits for

subsequent checkout operations.

Engineering comments noted that the LH, tank prevalve 427A6, P/N 1A49968-507,

was not installed ac the start of this test. A valve, S/N 123, was instulled

on 28 Febiruary 1968, and was satisfacrorily tested during the second attempt. It
was also noted that the 50 ampere relay module 404A2A7, P/N 1A74890-501, S/N 113,
was disconnected at the start of the test because of FARR A271295 (reference
paragraph 4.2.7, Umbilical Interface Compatibility Check). Thic did not affect
the test, as the module was not energized during the power setup. The FARR

was dispositionel and the module was reconnected prior to the third atiempt

of this test.

As noted, one FARR was written during tne use of this procedure to prepare for
another automatic test. FARR 500-238-011 rejected 50 ampere relay module,

P/N 1A74890-501, S/N 142, because the sequence power motor driven switch,

P/N 1A88061-1, S/N 361, failed to operate properly. A new relay module,

P/N 1A74890-501, S/N 138, was installed and satisfactorily tested during the
third attempt of thir test.

Seven revisions were made to the procedure:

a. One revision deleted the Model DSV-4B-298 monochrome system status
display, P/N 1B37968-1, from the End Item Equipment list, as it was
not used in this test.

b. One revisinn deleted two steps to reset and later set SIM channel 26
during the relay matrix reset routine. As the GSE power was not turned
off at this point, it was not necessary to temporarily deactivate the
GSE power low voltage monitor, SIM channel 26.

¢, One revision changed a step in the initial ccnditions scan to set
SIM channel 24, rather than SIM channel 22 as listed, to set the
correct channel.
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4.2.10 (Continued)

d. One revision deleted two steps to verify and printout that the EBW
pulse sensor power was OFF, and added a breakpoint after aft bus 1 was
turned on to permit manual verification that the EBW pulse sensor power

off indication, function number 2614, was ON.

This was necessary as

the EBW pulse sensor power could not be verified until aft bus 1 was

turned on.

e. Two revisions modified the pre-test setup of the Model DSV-4B-123
DDAS ground station. Inside the simulator, the SYNC ERRORS/OFF switch
was set to the OFF position, to permit use of the simulator during
troubleshooting. On the digital signal synchronizer, the VCO-XTAL
control was set to VCO, rather than to XTAL as listed, and the SERVO
JPEN/CLOSED control was set to CLOSED, tc prevent the computer from
detcing an intermittent out-of-synchronization indication when the

ground station was actually synchronized.

f. One revision changed the expected value of the initial voltage measure~
ments of the power supplies for forward buses 1 and 2, and #ft bus 1,
from 28.0 +0.5 vdc to be 26.8 $0.5 vdc, to compensate for remote sensing

of the power supplies.

4.2.10.1 Test Data Table, Stage Power Setup

Function

Forward sus 1 Initial Current (a:p)
Forward Bus 1 Voltage (vdc)
OoHy Burner Spark System 1 (vdc)
OgH9 Burner Spark System 2 (vdc)
Forward Bus 1 Quiescent Current (amp)
PCM System Group Cuvrent (amp)
Forward Bus 2 Current (amp)
Forward Bus 2 Voltage (vdc)
Prelaunch Checkout Group Current (amp)
Aft Bus 1 Current (amp)
Aft Bus 1 Voltcy~ {(vdc)
Sequencer Curren. (amp)
Aft 5 vdc Excit. Module (vdc)
Forward 1 5 vdc Excit. Module (vdc)
Forward 2 5 vdc Excit. Module (vdc)
1 EBW Firing Unit Charging Voltage (vdc)

. 2 EBW Firing Un’t Charging Voltage (vdc)
Aft Bus 2 Voltage (vdc)
Forward Bus 1 Battery Voltage (vdc)
Forward Bus 2 Battery Voltage (vdc)
Aft Bus 1 Battery Voltage (vdc)
Aft Bus 2 Battery Voltage (vdc)
Component Test Power Voltage (vdc)

5

Measurement

5.50
28.04
0.00
0.00
0.70
4.30
0.10
28.04
1.20
0.20
27.56
- 0.10
4.99
5.01
5.00
0.00
0.00
0.00
0.00
0.04
0.00
0.00
0.04
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e 4,2,11 Stage Power Turnoff (1B66561 C)

This procedure shut down the stage power distributioi system after the

completion of various stage system checko.. procedures, and returned the stage

to the de-energeized conditior.

To ensure that the procedure would deactivate *he stage power, it was initially
conducted on 16 February 1968, after the first application of power to the

stage. Tnis attempt had several minor malfunction indications caused by an

%.
3
gf
%

uninstalled LH7 tank prevalve, unadjusted polat level sensor control units,

and an incorrectly positioned directional vent valve. As these problems would
be corrected during subsequent operations, the procedure was considered
satisfactory for stage shutdown use. After the problems were correctod, the
procedure was satisfactorily coipleted by the second attempt on 29 February 19€8,

and was accepted on 12 March 1968.

After verification that the talkback, forward bus 1, z2ft bus 1, and sequencer
powers were all on, the cwitch selector furic . s were turned off, and a series
of checke verified that the stage functions were in the proper de-enery.zed
stage, and that the stage bus powers were off. The EBVW pulse sensor power

was turned off, the range safety receiver power and EBW firing unit power were
transferred to external, and the safe and arm device war verified to be in

the safe condition. The talkback power wis turned off, and the wmatrix magnetic
latching relays were reset, completing rhe stage power t-irnoff. The switch

selector was used 47 times during the procedu:-.

Engineering comments noted that t-ie LH~ tank prevalve 427A6, P/N 1A49968-507,
was not installed at the start of this test. Valve, S/N 123, was installed on
28 February 1968, and was satisfactorily tes’:3. N¢ priblems were encountered
during the second attempt, and no FARR's were written. Three revisions were
made to the procedure:

a. One revision de'z2ted the Model DSV-4B-298 mcnochrome system status

isplay, P/N 1B37968-1, ° m th~ End Item Equipmert list, as it was not
used during this test.

b, One revision changed a bi:ffer table eun.ry %o be "DS2/SW S I > AX°Y
PWR (CH 67)" rather than "DS2/SW S PCM Rk A°3Y PWR (CH 65, u: listed,
to coirect a test requiremeiwcs drawing error.,
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c. One revision deleted a step to reset SIM channel 26 at the end of the
power turnoff. This SIM channel, for GSE power supply low voltage,
stould not be reset unless the GSE pover was turned off.

4.2.12 Signsl Conditioning Setup (1B64681 D)

This procedure calibrated the stage 5 volt and 20 volt excitation modules prior
to the use of the stage instrumentation system, and calibcated any items of the
stage signal conditioning eguipment that were found to be out of tolerance
during testing. The signal conditioning equipment 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 dc amplifiers, temperature bridges,
frequency to dc converters and expanded scale voltage monitors. Only the
particular items calibrated during this procedure are noted below and in

Test Data Table 4.2.12.1. During computer holds, this procedure was also used
as required to troubleshoot inmstrumentation problems.

The procedure was initiated on 16 February 1968, and the excitation module
calibrations were completed by 20 February 1968, after 2 days of activity.
The procedure was then held open for use as required during subsequent VCL
activity. Additional calibrations were accowplished on 4 days of activity
between 29 February and 19 March 1968, and the procedure was closed out and
accepted on 29 May 1968. The stage power setup, H&CO 1B66560, was performed

prior to amy calibration activity, to provide electrical power to the equipment.

Three 5 volt excitat -« .odules were calibrated. The input voltage to each
module was verified to be 28 *1 vdc, and each module was adjusted to obtain

a 5 vdc output of 5.000 $0.005 vdc, a -20 vdc output of -20.000 *0.005 vdc,

and an ac output of 10 t1 volts peak-to-peak at 2006 +100 Hz. The final values
measured, as shown in the Test Data Table, were all within the above limits.
The ac output measurements were made with a test switch in four differenc

positions, and were found to be the same for each position.

Six 20 vrlt excitation modules were calibrated by adjusting the coarse control
and fine control on each module to obtain an output of 20.000 0.005 vdc. As
shown in the Test Data Table, the final value measured for each module was

within the above limits.

-
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4,2.12 (Continued)

Three temperature bridges required calibration, as crsted in the Test Data Table.
With a .ow level calibration input, the temper.ture bridge was adjusted to
obtain a bridge output of 0.00 +0.05 mvdc. With a high ievel calibration input,
the bridge output was verified to be 24.0 0.3 mvdc. As shown in the Test

Data Table, the final values measured for each temperature bridge were within

these limits.

One temperature measurement was calibrated by adjusting the temperature bridge
and the associated dc amplifier. This was the propellant utilization oven
stability monitor, measurement N63, temperature bridge 411A61A214, P/N 1B68861-1,
S/N 170, and dc amplifier 411A61A226, P/N 1A82395-1, S/N 2571. The dc amplifier
zero control, and the temperature bridge potentiometer, were initially adjusted
for a 0.000 +0.005 vdc output with a low level calibration signal applied.

With a high level calibration signal applied, the dc amplifier gain control

was adjusted to obtain a gain output of 4.00 vdc, meeting the 4.000 10.005 vdc
limits. With a low level calibration signal again applied, the dc amplifier
zero control was adjusted to obtain a zero output of 0.00 vdc, meeting the

0.000 $0.005 vdc limits.

Two expanded scale voltage monitor modules were calibrated by calibrating the
associated dc amplifiers. These were the static inverter-converter 5 vdc
monitor, measurement M4, expanded scale voltage module 411A61A255, P/N 1A95181-1,
S/N 118, and dc amplifier 411A61A254, P/N 1A82395-1, S/N 2447; and the static
inverter-converter 21 vdc monitor, measurement M23, expanded scale voltage
module 41]A61A253, P/N 1A95181-5C1, S/N 133, and dc amplifier 411A61A252,

P/N 1A82395-503, S/N 527. With a low level calibration input, the dc amplifier
zero control was adjusted to obtain a zero outpur of 0.000 }0.005 vdc. With

a high level calibration input, the dc amplifier gain control was adjusted to
obtain the proper gain output for the particular amplifier, As shown in the
Test Data Table, the final values measured for each amplifier were within the

preper limits.
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4.2.12 (Continved)

Two 400 Hz expanded scale frequency to dc converters were calibrated, as
shown in the Test Data Table. With a high level calibration signal of 410
+0.05 Hz applied, the frequency to dc converter was adjusted to obtain an
output of 5.00 0.0l vdc. With a low level calibration signal of 390 +0.05
Hz applied, the converter was adjusted to obtain an output of 0.00 +0.01 vdc.
As shown in the Test Data Table, the final values measured for each module

were within the required limits.

Engineering comments noted that temperature bridge module 411A61A226, P/N
1B68861-1, was not installed at the start of this test, but was installed and
tested during the test. No stage problems were encountered during this
procedure, and no FARR's were written. One minor problem with a GSE power
supply was corrected during the test. Eight revisions were made to the pro-

cedure:

a. One revision added a preliminary step to measure the auxiliary
hydraulic pump motor container ambient gas pressure, measurement
D209, function number 2401. This ambient pressure had to be
measured before any hydraulic system procedures were started, as ':)
the pressure could not be bled down once the hydraulic system was
pressurized. The ambient pressure was measured as -0.262 psig,
within the 0.0 %1.2 psig limits.

b. One revision corrected a typing error to show that the Model
DSV-4B-279 instrumentation checkou: unit console assembly was
P/N 1B28115-1, rather than P/N 15¢.:115-1, as listed.

¢. Three revisions corrected errcrs :'n the procedure test tables. The
multiplexer matrix points for m2asurement N55 were corrected to be
CP1-647 and DP1-887, rather than (CP1-888 and DP1-658, as listed.
The callouts for measurement C382 were changed to be aft rack
404464, rather than 404A66; channel decoder connection J1 to
404W206P4, rather than 404W206P7; and bridge, P/N 1B63306-529, location
A225, connection J2 to 404A64W200: 25, rather than bridge, P/N
1B63306-525, location A205, conne.tion J2 to 404A66W200P5. The
effectivity of measurement N63 was corrected to be both S-IB and
S-V stages, rather than S-IB stages only.

d. One revision deleted an existing test equipment hookup instruction
paragraph and substituted a new paragraph specifying the particular
stage and GSE cables involved, and providng inspectior verification
of the removal and installatior of the cables. The original para-
graph did no: provide for this verificationm.
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e 4.2.12 (Continued)
e. Two revisions noted that the calibration of measurement N63 and
a recalibration of measurement M29 were accomplished using the STC
Beta Test setup instead of the VCL test setup. The Model DSV-4B-279
instrumentation checkout console assembly, required for VCL calibration
operations, had been disconnected from the stage multiplexer before
these calibrations were conducted, and the Beta test setup was the
most expeditious way to perform the calibratiouns. It was also noted
that mecsurement M29 required recalibration because it had drifted
out-of-tolerance after a previous calibration.
4.2.12.1 Test Data Table, Signal Conditioning Setup
5 Volt Excitation Module, P/N 1A77310-503.1
Reference 5vde Ou.. -20 vdc Out. ac Output
Location S/N (vdc) (vde) (vpp) Hz
411A99A33 194 4.998 -20.000 10 2056
411A98A2 192 4,998 -19.998 10 2073
404A52A7 163 5.001 -20.000 10 2055
20 Volt Excitation Module, P/N 1A74036-1.2
(éﬁ Reference
Location S/N 20 vdc OQutput (vde)
411A61A242 335 20.000
404A62A241 322 20.001
404A63A241 316 20.001
404A64A24]1 327 20.001
404A65A241 321 20.002
404A63A233 323 20.001

Temperature Bridge Calibration

Qutput (mvdc)

Reference
Meas. Nc. and Fucntion P/N S/N Location Low High
C6 - GHp Sta- - Bottle
Temperature 1A98088-501 87 404A64A207 0.00 24,26
C7 ~ Engine Control
Helium Ter>. 1A98088-501 91 404A64A208 -0.04 24,17
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4.2.12,1 (Continued)

Meas. No. and Function

Cl199 - Thrust Chamber
Jacket Temp.

Expanded Scale Voltage Caljbration

Meas. No. and Function

Output (mvdc)

Reference
P/N S8/N Location Low Higk
1A98088-1 65 404A64A209 -0.04 24,21
Measured Limits

M4 - Static Inverter-Conve

rter 5 vdc Monitor

Amplifier Zero Output (vdc)

Amplifier Gain Output (v

M23 - Static Inverter-Conv
Amplifier Zero Output (v
Amplifier Gain Output (v

de)

erter 21 vdc Monitor
dec)
dc)

0.002
4.000

0.002
2.285

400 Hz Expanded Scale Frequency to DC Converter Calibration

Meas. No. and Function

P/N S/N

M12 - Static Inv-Conv Freq
M29 - LOX C/D Inv Freq

1B37523-501 85
1B37523-501 84

Reference

0.000 *0.005
4.000 10.005

0.000 *0.005
2.285 +0.005

OQutput (vdc)

Location 390 Hz 410 Hz

404A65A233

0.006 5.002

404A65A209 -0,003 5,004

4.2.13 Telemetry and Range Safety Antenna System (1B64679 D)

This test procedure was used to verify the integrity of the telemetry and

range safety antenna systems by verifying that the continuities, VSWR's,

insertion losses, phasing, and power levels of the system were all within the

required limits. In addition, the center frequency and carrier deviation of

the PCM transmitter were determined to be correct, and the operation of the

PCM RF assembly power function was checked.

included:
Part Name

PCM RF Assembly
Bi-Directional Coupler

Reference Location

£11A64A200
411A64A204

The items involved in this test

P/N S/N
1B65788-1 18001
1A69214~503 20010
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4.2.13 (Continued)

Part Nare Reference Location P/N S/N
Coaxial Switch 411A64A202 1A69213-1 77
Power Divider 411A64A201 1A69215-501 52
Telemetry Antennas 411E200 & E201 1A69206-501 75 & 76
Reflected Power Detector 411MT744 1A74776-501 290
Forward Power Detector 411MT728 1A74776-503 302
Dummy Load 411A64A203 1A84057-1 817
Directional Power Divider 411A97A56 1B38999-1 36
Hybrid Power Divider 411A97A34 1A74778-501 42
Range Safety Antennas 411E56 & E57 1A69207-501.1 60 & 61

Initiated on 19 February 1968, the checkout was completed on 27 February 1968,
after 6 days of activity. The procedure was certified as acceptable on
7 March 1968,

The tests in this procedure were generally performed by disconnecting various
transmission lines in the telemetry and range safety RF systems, and deter-
mining insertion losses and VSWR's for various segments of the systems.
Measurements of the telemetry system components, were made at 258.5 +0.1 Miz,
and the range safety system components were measured at 450.0 +0.1 MHz. A
test cable, P/N 1B50922-1, was calibrated for use in the procedure, with the
VSWR measured at both operating frequencies. These VSWR's are shown in Test

Data Table 4.2.13.1, along with other measurements made during the test.

The telemetry system insertion losses were measured from the PCM RF assembly
transmitter output to each antenna, with the other antenna replaced by a

50 ohm load. The phase difference of the transmission lines from the power
divider to the antennas was measured with the antennas replaced by short cir-
cuit terminations, and the VSWR's of these lines were measured with the
antennas connected. With the coaxial switch energized, the telemetry system
closed loop VSWR was measured from the transmitter output to the dummy load.
With the coaxial switch de-energized, the telemetry system open loop VSWR was

measured from the transmitter output to the antennas.



4.2,13 (Continued) j)

On the range safety system transmission lines, the center conductor continuity
resistances were measured from the input of each receiver to the output of
each antenna, and the insulation resistances were measured between the center
conductor and the shield at both receiver inputs and both antenna outputs. A
series of insertion loss checks then measured the isolation between the two
receiver inputs, the insertion loss between each receiver and each antenna,
and between each receiver and the directional power divider closed loop check-
out connector, and the insertion loss in the closed loop checkout cable between
the directional power divider and the forward umbilical. VSWR measurements
were then made on the transmission lines from the hybird power divider outputs
to each antenna, and on the complete range safety system from the input of

each receiver to the antennas.

.5 e

The stage power was turned on for the PCM transmitter tests, and, with a dummy

load connected to the PCM RF assembly transmitter output, the PCM transmitter

o center frequency and carrier deviation were measured. The transmitter output

power was then measured using a Bird RF power meter. With the transmitter :)
reconnected to the system, the forward power detector output was measured and

verified to be within 43 percent of the detector calibration requirement for

the transmitter output power. For calibration of the reflected power detector,

the forward power detector output was measured, and the equivalent forward

o
P VG NS -

power was determined from the detector calibration. The reflected power was

R Y
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measured and verified to be 11 +1 percent of the forward power. The output

PR .

of the reflected power detector was then measured and verified to be within
+3 percent of the detector calibration requirement for the measured reflected
power. The validity of the power detector measurements was then checked by
verifying that the signal conditioning amplifiers for the detectors were
adjusted for the proper gain. The telemetry RF system reflected power and
transmitter output power were then measured through the AO and BO telemetry

multiplexers.,

L .
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4,2.13 (Continued)

A final check verified that the forward bus 1 current did not increase when
the PCM RF assembly power was turned on, and that the RF silence command would

cut off the RF assembly power.

Engineering comments noted that there were no parts shortages affecting this
test. No stage problems were encountered during the test, and no FARR's were
written. Two minor problems were encourtered involving the test equipment.
An incorrect dummy load was initially used, resulting in high insertion loss
measurements, and the GSE thermoconditioning servicer failed to maintain the

correct coldplate temperature at one point. Both of these problems were corrected.

Twenty revisions were made to the procedure:

a. One revision deleted a requirement to check the test articles for
compliance with the applicable manufacturing, installation, and
assemly drawings, as this was a duplication of the manfacturing
effort

b. Three revisions added two Microlab TA-5FT 50 ohm dummy loads to the
Non-End Item Equipment list, and added two notes to use the dummy
loads to simulate the range safet; antennas whenever any antenna or
receiver cable was left disconnected during the procedure. The
transmission lines had to terminate in 50 ohm loads to maintain an
operational system.

¢. One revision changed a reference measurement from O +1 db to be
0 0.1 db, to correct a typing error and give the correct tolerance.

d. Two revisions changed the procedure at two places to turn off the
system power before disconnecting any transmission cables, and to
turn the power back on before proceeding with the tests.

e. Four revi:ions added a Bird Model 61 RF power meter to the MNon-End
Item Equi aent list, and modified the PCM transmitter checks to
connect t is power meter, mezsure the transmitter output power, and
disconne the power meter. This output power measurement replaced
the 1list measurement using a dummy load and an HP431B power meter,
to give more accurate reading.

f. One revision changed tt . requirement that the stage thermoconditiong
system coldplate temperature be stabilized at 55 +5°F during the PCM
transmitter power checks, to require that the temperature be stabilized
at 59 +5°F. This was to permit more accurate readings.

61



4.2.13 (Continued) j)

g One revision changed the tolerance on the A0 and BO telemetry multiplexer
measurements of the PCM transmitter output power to be +1.00 watt,
rather than +1.05 watts as listed, to provide an acceptable checkout
tolerance.

h. One revision added a step to disconnect the transmitter output cable
from the dummy load after the transmitter frequency measurements were
made, as the cable had to be connected to other test equipment for
subsequent tests.

i. Two revisions added, and corrected, steps to verify t:-~ gain adjust-
ment of the power detector signal conditioning amplifiezs by checking
the GSE numeric readout for measurcments N18 and N55, function
numbers 2024 and 2105, under high and low RACS conditions. Verification
of the amplifier calibrations was required, as the regular verification
during the DDAS checkout would not be accomplished until after this
procedure.

j. Two revisions added, and corrected, steps to accomplish an FM/FM
4 transmitter check, to verify the RF assembly power and current, and
A the operation of the RF silence ccmmand.

k. One revision deleted the Model DSV-4B-298 monochrome system status
display P/N 1B37968-1, from the End Item Equipment lisi, as the
unit was under design evaluation and was not ready for checkout
use.

1. One revision changed the PCM transmitter carrier deviation calculation :)
to be (fo - £1)/2, rather than (f1 - f9)/2 as listed, because
upper bandedge frequency f9 is always greater than lower bandedge
frequency fj.
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4,2.13.1 Test Data Table, Telemetry and Range Safety Antenna System

Function Measurement Limits

Test Cable Calibration

< n

VSWR at 258.5 MHz 18.0 *
VSWR at 450.0 MHz 11.0 *

i Telemetry System Tests

Insertion Loss to Antenna 1 (db) 4.9 6.7 max

Insertion Loss to Antenna 2 (db) 4.7 6.7 max

Antenna Line Phase Difference (deg) 6.46 30.0 max

- VSWR to Antenna 1 1.16 1.7 max

a VSWR to Antenna 2 1.37 1.7 max

o System Closed Loop VSWR 1,27 1.5 max
: System Open Loop VSWR 1.34 1.7 max

*Limits Not Specified
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4,2.13.1 (Continued)

Function

Range Safety System Tests
Transmission Line Continuity Resistance

Receiver 1 to Antenna 1 (ohms)
Receiver 1 to Antenna 2 (ohms)
Receiver 2 to Antenna 1 (ohms)
Receiver 2 to Antenna 2 (ohms)

Transmission Line Insulation Resisteance

Receiver 1 (megohms)
Receiver 2 (megohms)
Antenna 1 (megohms)
Antenna 2 (megrhms)

Insertion Loss Checks

Receiver 1 to Receiver 2 Isolation (db)
Receiver 1 to Antenna 1 Loss (db)

Receiver 1 to Antenna 2 Loss (db)
Receiver 2 to Antenna 1 Loss (db)

Receiver 2 to Antenna 2 Loss (db)

Receiver 1 to Checkout Connector Loss (db)
Receiver 2 to Checkout Connector Loss (db)

Closed Circuit Checkout Cable Loss (db)
VSWR Checks

Power Divider to Antenna 1
Power Divider to Antenna 2
Receiver 1 System VSWR
Receiver 2 System VSWR

ne VSWR
ne VSWR

PCM Transmitter RF Tests

Center Frequency (MHz)

Carrier Deviation (kHz)

Output Power (watts)

Forward Power Detector Output (millivolts)
Forward Power Detector Output (millivolts)
Equivalent Forward Power (watts)

Reflected Power (watts)

Reflected Power Detector Output (millivolts)
Reflected Power, A0 (watts)

Reflected Power, BO (watts)

Transmitter Output Power, A0 (watts)
Transmitter Output Power, BO (watts)

*Limits Not Specified
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4.2.14 Hydraulic System Fill, Flush, Bleed, and Fluid Samples (1B40973 E)

This manual procedure ensured that the hydraulic system was correctly filled,
flushed, bled, and maintaired free of contaminants during hydraulic system
operation. The hydraulic pre:sure and temperature were checked for proper
operational levels, the hydraulic system transducer. were tested for proper
operation, and engine clearance in the aft skirt was verified. The hydraulic
system components involved in this test were the auxiliary hydraulic pump.

P/N 1A66241-511, S/N X458912; the engine driven hydraulic pump, P/N 1466240~
505, S/N X457813; the accumulator/reservoir assembly, P/N 1B29319-519, S/N Zé&;
the pitch hydraulic actuator, P/N 1A66248-507, S/N 77; and the yaw hydraulic
actuator, P/N 1A66248-507-012, S/N 66.

This procedure was initiated on 20 February 1968, and was completed, except
for the preshipment preparations, by 1 March 1968. The procedure was then
held open for use during automatic testing, with additional testing being
accomplished between 25 April and I May 1968 due to the replacement of the
auxiliary hydraulic pump quick disconnect and the accummulator/reservoir

air fill valve (reference FARR's 500-238-127 and 500-238-143), At the
completion of stage testing, the preshipment preparations, were accomplished
on 27 May 1968, and the procedure was accepted on 4 June 1968. The procedure

was active on 12 days during this period.

Before the test was started, the GSE and stage preliminary setups were
accomplished. The GSE Model DSV-4B-358 hydraulic pumping unit (HPU), P/N
1A57443~-1, was flushed and checked for hydraulic fluid cleanliness, and

connected to the stage hydraulic system by pressure and return hoses.

The hydraulic system air tank was pressurized to 4,0 +50 psig, and a leak
check of the auxiliary pump purge system verified that there was no leakage.
An air tank decay check was conducted concurrent with other checks in the
procedure. The air tank pressure was measured as 459.6 psia at the start of
the test. After 24 hours, the tank pressure was measured as 450.3 psia, down

9.3 psi, well within the 120 psi decay limit for a 2% +1 hour perind.
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4.2.14 (Continued)

After the air tank was initially pressurized, the accumulator/reservoir was
pressutrized to 1800 +50 psig with nitrogen gas. The HFU was used to circulate
hydraulic fluid through the stage bhydraulic system at 1000 +100 psig to flush
the accumulator/reservoir. After 30 minutes of circulation, hydraulic fluid
was drained {rom the bleed valves on the reservoir, the accumulator inlet

and outlet, the engine driven pump outlet, and the auxiliary pump inlet, and
the fluid air content was verified not to be excessive. The auxiliary hydrau-
lic pump was turned on for % minates co circulate hydraulic fluid while the
hydraulic system components and fluid connections were checked to verify that
there was no external leakage. The engine driven hydraulic pump was flushed
during this period by manually rotating the pump quill shaft. Checks were
then made of the accumulator/veservoir low pressure and high pressure reliet

va_ve function, as shown in Test Data Table 4.2.14.1.

Following these checks, the hydraulic system pressure was adjusted to

3650 +50 psig and the reservoir piston was cyvcied ten times by reducing and
increasing the hydraulic system pressure. During the last cycle, the

maximur: full reservoir cil level was measured as 99.2 percent, and the maxi-
mum empty reservoir oil level was measured as 0.002 percent, both within the
acceptable limits of 100 +2 percent and 0 2 percent, respectively. Hydraulic
fluid samples were obtained from the HPU return and pressure sample points.

The cleanliness samples met the particle count requiremeants.

The accumulator precharge and high pressure relief valve checks were started
by pressurizing the accumulator with nitrogen gas to the 2350 psig required
for the ambient air temperature of 70°F. The HPU was then used to pressurize
the hydraulic system to 1500 +100 psig and then to 4400 psig maximun, while

it was verified that the system had no leaks at either pressure. The system
pressure was adjusted to 3650 50 psig and the high pressure relief valve
functions were checked, as shown in the Test Data Table. The hydraulic system
was then reduced to 1000 +100 psig, the air tank pressure was verified to be
450 +50 psig, and the auxiliary hydraulic pump wac turned on for 5 minutes

while the reservoir 1 .rogen gas pressure was verified to be about 3600 psig.
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4.2.14 (Con:inued)

The pitch and yaw actuators were detached from the stage and mounted on the
GSE Model DSV-4B-474 engine actuator support kit fixture, P/N 1B56669-1. The
GSE Model DSV-4B-699 gimbal control unit, P/N 1B50915-1, was then set up and
connected to the actuators. The hydraulic system was pressurized to 3650 +
100 psig, using the HPU, and the gimbal control unit was used to cycle the
pitch and yaw actuators with +50 milliampere control signals. After 15
minutes of cycling, hydraulic fluid samples were taken from the HPU return
and pressure sampling ports, and the pitch and yaw actuator bleed ports. The
hydraulic rluid cleanliness samples met the particle count requirements. The
gimbal control unit and the HPU were turned off after the samples were

obtained.

For the hydraulic system air content test, the system was pressurized to

3650 50 psig, using the HPU. After 3 minutes, the HPU was turned off and

the system pressure was allowed to decay to 180 psig. Sufficient hydraulic
fluid was then drained from the system to reduce the system pressure to 80
psig. The amount of fluid drained was verified to be less than 30 milliliters,

indicating that the hydraulic system was satisfactorily filled and bled.

The pitch and yaw actuators were removed from the engine actuator support kit
fixture and reazttached to the stage, and preparations were made for a square
pattern slew check. The HPU was used to pressurize the hydraulic system to
1000 +50 psig for this chec’ and the gimbal control unit was used to slowly
slew the engine in a square pattern to the extremes of the actuator travels
while the complete engine installation was checked for clearance and freedcm
of motion. At the conclusion of this check the actuators were centered, the
hydraulic system pressure was increased to 3650 +100 psig, and the actuator
centering was repeated. The gimbal control unit and the HPU were turned off,

and the gimbal control unit was disconnected from the actuators.

To compensate for hydraulic fluid thermal expansion, the accumulator nitrogen
gas pressure was verified to be correct for the ambient temperature, and the

hydraulic system was pressurized to 3650 +100 psig for 3 minutes. The oil
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4.,2.14 (Continued)

temperature was measured as 78°F, and the required amount of fluid, 250

milliliters for this temperature, was drained from the reservoir bleed valve.

For a check of the hydraulic system transducers, the hydraulic system functions
were checked as shown in the Test Data Table, first with the hydraulic system
unpressurized, and then with the hydraulic system pressurized by means of the
auxiliary hydraulic pump. This completed the hydraulic system preparations,

and the procedure was held open for use during stage automatic testing.

During subsequent stage testing, a leak was found at the auxiliary hydraulic
pump quick disconnect, as noted by FARR 500-238-127 below and the accumuiator/
reservoir air fill valve was broken off, as noted by FARR 500-238-143. After
the disconnect and air fill valve were replaced, parts of the procedure were
repeated to reverify that the HPU and hydraulic system cleanliness was
acceptable, that the accumulator/reservoir was properly charged, and that the
system did not lcak and was properly bled. The theimal expansion compensation

was repeated, and the hydraulic system was accepted for further testing.

After the completion of all other stage tests involving the hydraulic system,
the system was prepared for stage shipment by depressurizing the air tank and
the accumulator nitrogen gas pressure, aud removing all auxiliary test equip-

ment from the system.

Engineering comments noted that there were no parts shortages atfecting this
test. Several problems were encountered and corrected during the test, as
noted on IIS 378323. One GSE problem occurred at the start of the test when
the HPU leaked at the quick-disconnect fitting for the hydraulic fluid return
line. The quick-disconnect fitting, P/N 1B26500-507, was replaced and the
test was continued. The two previously noted stage hydraulic system problems

were covered by the following FARR's:

a. FARR 500-238-127 rejected the coupling half quick-disconnect, P/N

1A68498-517, on the auxiliary hydraulic pump, for leaking hydraulic
fluid overboaru. The defective coupling half was removed, and a
new unit was installed and accepted for use.
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4,2.14 (Continued)

b. FARR 500-238-143 noted that the high pressure air fill valve, P/N -:)
1B31295-1, S/N 95, on the hydraulic accumulator/reservoir, P/N
1829319-519, S/N 26, was twisted off at the thread relief. The
defective valve ' as removed, and a new valve, S/N 126, was installed
and accepted for use.

T} -ee revisions were made to the procedure:

a. One rev’sion added the motor canister pressure and the air bottle
pressure, f-nction numbers 2401 and 2403 respectively, tc the list of
hydrauiic svstem measurements made with the system unpressurized.
This 'rac to monitor the air systems transducer.

b. Two revis‘on; noted the parts of the procedure that were repeated
after the replacement of the auxiliary hydraulic pump quick~disconnect
and the accumulator/reservoir fill valve.

4.2.14.1 Test Datc Table, Hydraulic System Fill, Flush, Bleed, and Fluid

Sample-
Function Measurement Limits

Accumulator/Reservoir Relief Valve Checks

Low Pressure Relie. Valve )
X Relief Pressure, Ground Return (psig) 260.0 275.0 +25.0
) Reseat Pressure, Ground Return (psig) 255.0 240.0 min
) Relief Pressure, Overboard (psig) 275.0 275.0 £25.0
Reseat Pressure, Overboard (psig) 260.0 240.0 min

High Pressure Relief Valve

System Hydraulic Pressure (psig) 4300.0 4400.0 max
: Return Pressure (psig) 274.0 *
Differential Pressure (psi) 4027.0 3900.0 min

Accumulator High Pressure Relief Valve Checks

System Internal Leakage (gpm) 0.65 0.8 max
Relief Valve Cracking Pressure (psig) 4200.0 *
Reservoir Pressure (psig, 265.9 *
Differential Cracking Pressure (psi) 3935.0 4100.0 max
Relief Valve Reseating Pressure (psig) 4100.0 *
Reservoir Prassure (psig) 260.0 *
Differential Reseating Pressure (psi) 3840.0 3760.0 min

*Limits Not Specified

\@/
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Function Measurement Limit

Hydraulic System Unpressurized

Aft Sv Excitation Module (vdc)
Hydraulic System Pressure (psia)
Hydraulic Pump Inlet 0il
Temperature (°F)
Reservoir 0il Pressure (psia)
Accumulator GN; Pressure (psia)
Accumulator GN, Temperature (°F°)
Reservoir 0il Eevel (%)
Reservoir 0il Temperature (°F)
Motor Canister Pressure (psig)
Air Bottle Pressure (psig)

Hydraulic System Pressurized

Aft 5v Excitation Module (vdc)
Hydraulic System Pressure (psia)
Hydraulic Pump Inlet 0il
Temperature (°F)
Reservoir 0il Pressure (psia)
Accumulator GN, Pressure (psia)
Accumulator GN, Temperature (°F)
Reservoir 0il Level (%)
Reservoir 0il Temperature (°F)
T/M Pitch Actuator Position (deg)
T/M Yaw Actuator Position (deg)

*Limits Not Specified
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5.001
1366.0

78.8
71.0
2305.0
72.0
89.8
79.2
13.42
446.1

5.002
3582.0

87.4
164.5
3578.0
72.0
39.5
82.7
-0.002
-0.003

5.00 +.03
1400.0 approx

approx ambient
55.0 min.
2350.0 approx
approx ambient
85.0 min
approx ambient
8.8 to 33.7
450.0 +50.0

5.00 £0.03
3650.0 +150.0

approx ambient
180.0 120.0

syst press. +100

approx ambient
25.0 min
approx ambient
0.0 +0.236
0.0 $£0.236
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4.2.15 Propulsion System Control Console/Stage Compatibility (1B59454 D) T)

The Model DSV-4B-234 propulsion system control console, P/N 1A64728-1, remotely
controlled and monitored the stage propulsion system during automatic and
manual checkout operations in the VCL. Prior to using the console, this
procedure ensured that the stage-mounted solenoid valves responded properly
when the various electrical command switches on the console were operated.

The checkout consisted of separate tests on valves in the forward skirt area,
the aft skirt area, and the thrust structure area. A test of the O2Hy burner

spark igniter system was also accomplished.

Initiated on 20 February 1968, the procedure was completed on 29 February 1968,
after 6 days of activity, and was accepted on 29 February 1968. The proper
actuation and deactuation of the solenoid valves was verified by listening

for audible valve operation at the appropriate modules, and verifying that

the correct indicator ligats came on at the Mainstage Propulsion Manual Control

Panel of the control console.

In the forward skirt area, the valves checked were the main fuel tank vent

valve open/close solenoid valve 411A2L1 and boost close solenoid valve ~:)
411A2L2; and the main fuel tank bi-directional vent valve flight position

solenoid valve 411A30L2 and ground position solenoid valve 411A30L1.

In the aft skirt area, the valves checked were the main fuel tank fill and
drain valve open/close solenoid valve 404A44L1 and boost close solenoid valve
404A4412; the maio oxidizer tank fill and drain valve open/close solenoid
valve 404A9L1 and boost close solenoid valve 404A9L2; the LHy; and LOX chill-
down shutoff valve close/cpen solenoid valve 404A43L1; the LHy, and LOX pre-
valve close/open solenoid valve 404A43L2; the O2H2 burner LH, propellant

valve open solenoid valve 404A17L1, and close solenoid valve 404A17L2; and
the O7Hy burner LOX propellant valve open solenoid valve 403A15L1, and close
solenoid valve 403A15L2. The LH, and LOX repressurization valves were checked

by indicator 1light response only.
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4.2.15 (Contirued)

In the thrust structure area, the valves checked were the main oxidizer tank
vent valve open/close solenoid valve 403A75A1L) and boost close sclenoid
valve 403A75A1L2; the control helium shutoff valve close/open colenoid valve
403A73A1L2 and the start tank vent valve open/close solenoid valve 403A73A1L1,
both in the pneumatic control module; the ambient helirm sphere dump valve
open/close solencid valve 403A73A5L1 in the ambient helium fill module; the
cold helium dump valve open/close solenoid vaie -03A74A2L1 in the cold helium
fill module; the cold helium shutoff valve upen/close solenoid valves
403A74A1L1 and 403A74A1L3 in the LOX tark pressurizati-n control -odule; the
engine control bottle vent valve open/close solenoid valve in the engine
pneumat:ic power package; the LH2 tank repressurization dump valve open/clos=z
solenoid valve 403A73A4L1 in the LH, repressurization module; and the LOX
tank repressurization dur: valve open/close solenoid valve 403A74A3L1 in the
LOX repressurization module. All of the valves resp.nded v:operly to the

signals from the propulsion system control cousole.

This procedure was also used for spark igniter tests of the O,Hj burner, in
conjunction with the OzH, burner igniter tip alignmeat and manual spark
check installation procedure, drawing 1B67337. Spark tests were initiated

at the propulsion system control console, and proper operation of the tests
were verified by the illumination of the spark test on lights at the console,

and the presence of electri~ arcs at the stage spark igniter assembly.

Engineering comments noted that there were no parts shortages affecting this
test. Some problems with the OgHy burner tip electrode installation, per
drawing 1B67337, were satisfactorily resolved. Solenoid valve 403Al5L1,

for the 02H2 burner LOX propellant valve, gave no audible response, but

was not rejected as an audible response was not a requirement of the valve
specification control drawing. When a procedure revision checked the solenoid
valve with pneumatic pressure applied, the normal operating condition for the
valve, an audible response was obtaired. This satisfactorily verified the
valve operation and the control console compatibility. No FARR's were

written during this test.

n
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4.2.15 (Continued) ™
Four revisions were made to the procedure:

a. One revision deleted the OjH, burner exciter ignition system, P/N
1B59986, and the igniter tips, P/N 89181, from the Time/Cycle
Significant Items paragraph, and deleted another note indicating
that they were cycle significant. These items were no longer cycle
significant, per the "G" change of the Time/Cycle Significant Items
drawing, 1B55424.

b. One revision corrected a typing error by changing one reference
location to be (403 A73 Al L1), rather than (402 A73 Al Ll) as

listed.

c. One revision changed the check of solenoid valve 403A15L1, for the
O2H, burner LOX propellant valve, to apply pneumatic pressure before
audibly verifying the valve operation, as the solenoid valve gave
no audible response when pneumatic pressure was not applied.

d. One revision deleted the S-~IB vehicle structures assembly, P/N
1A74634-1, from the End Item Requirements list, as the drawing for
the S-1IB stage did not contain any of the components tested by this

procedure.

4.2.156 Level Sensor and Control Unit Calibration (1B64680 C)

This manual procedure determined that the control units associated with the
LOX and LH; liquid level, point level, fast fill, and overfill sensors, were
adjusted for operating points well within the design calibration limits. The

particular items involved in this test are noted in Test Data Table 4.2.16.1.

The procedure was initially accomplished on 20 and 21 February 1968.
Subsequent to this, a procedure revision was written to provide a more
practical sequence of operations. The procedure was reaccomplished per this
revision on 12 March 1968, and was accepted on 13 March 1968. A point

level sensor manual checkout assembly, P/N 1B50928-1, and a variable precision
capacitor, connected to parallel the sensor, provided capacitance changes to
each control unit to simulate sensor wet conditions feor calibration, and to

determine the control unit operating points.
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4,2.16 (Continued)

To establish the control unit operating point, the manual checkout assembly
and precision capacitor supplied the appropriate calibration capacitance to
simulate a sensor wet condition. These calibration capacitances were 0.7
+0.01 picofarads for all LH, sensors except the LH) overfill semsor, which
required 1.1 10.02 picofarads, and 1.5 +£0.02 picofarads for all LOX sensors
except the LOX overfill sensor, which required 2.1 +0.02 picofarads. With
tha control unit power turned on, the control unit control point adjustment,
Rl, was adjusted until the control unit output signal changed from 0 1

vdc to 28 2 vdc, indicating activation of the control unit output relay.

The capacitance of the precision capacitor was then decreased until the

control unit output signal changed to 0 +1 vdc, indicating deactiviation of the
control unit output relay, and then increased until the output signal changed
back to 28 +2 vdc, indicating reactivation of the output relay. Tne deactivation
and reactivation capacitance values were recorded, and appear in the Test

Data Table with the appropriate minimum and maximum capacitance limits.

A series of checks then verified the operation of the output relay test
function. With the associated sensor disconnected, the control unit output
relay was verified to be deactivated under both normal and test conditioms,
while with the sensor connected, the relay was verified to be deactivated

under normal conditions, and activated under test conditions.

Engineering comments noted that there were no parts shortages affecting this
test. One problem was encountered during the test, and one FARR was written.
When the test was reaccompl:shed per the rrocedure revision, all of the
control units, except one,were acceptablc without readjustment. The LH,

liquid level L19 control unit, 411A61A221, was satisfactorily readjusted

with nc problems. FARR A2712(9, written during the initial accomplishment

of the *est, rejected thc LH, overfill control unit 411A92A24, P/N
1A68710-509, S/N D2. As noted by IIS 370221, control Rl could not be adjusted
for proper operation. The defective control unit was removed and scrapped,

and a new control unit, S/N Cl00, was installed and accepted for use.
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(Continued)

Five revisions were made to the procedure:

a.

One revision changed two paragraph references to be paragraph
4,2.1.10, rather than paragraph 4.2.1.6 as listed, as tF' ~rocedure
paragraphs had been renumbered.

b. Two revisions added a step to verify that the activate light was OFF
at one point after the Test Operator Control Console ACTIVATE-OFF
switch was set to OFF, and then deleted this step because use of
the console was deleted by another revision.

¢c. One revision changed the procedure to provide a more practical
operational sequence, and repeated the test to verify all of the
control units. In general the revised procedure turned the stage
aft bus 1 and talkback power on and off at the Electrical Networks
Control Console, and deleted use of the Test Operator Control
Console ACTIVATE-OFF switch for this purpose. As the control units
had been adjusted previously, each was checked for acceptatle operation
and readjusted only if necessary. The precision capacitor was set
to 4 picofarads at the start of each check, and decreased from this
value to obtain relay deactivation.

d. One revision changed a test cable designation to be P/N 1B55715-527,
rather than P/N 1B55715-505 as listed, for use with the test
assembly, P/N 1B50928-1. The A3-VCL required test cables 6 feet long;
however, the -505 cable was only 2 feet long.

4.2.16.1 Test Data Table, Level Sensor and Control Unit Calibration

Sensor, Control Unit, Deact React

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

Ref Dash Ref Dash
Function Loc P/N S/N Loc P/N S/N Meas _Min Meas Max
LH, Tank 408 a1
Liq Lev L17 MT732 =507 D73  A61A217 -509 C42 0.5049 0.5 0.5050 0.9
Liq Lev L18 MT733 -507 D84  A61A219 -509 C43 0.5076 0.5 0.5078 0.9
Liq Lev L19 MT734 =507 D90 A61A221 -509 C46 0.659 0.5 0.663 0.9
Pt Lev 1 A2C1 -507 C1 A92A25 -509 C27 0.583 0.5 0.589 (.9
Pt Lev 2 A2C2 -507 C4 A92A26 -509 C38 0.552 0.5 0.556 0.9
Pt Lev 3 A2C3 =507 C5 A92A27 -509 C39 0.550 0.5 0.555 0.9
Pt Lev 4 A2C4 =507 C9 A61A201 -509 C40 0.801 0.5 0.804 0.9
Fastfill A2C5 -1 D136 A92A43 -509 D71 0.048 0.5 0.658 0.9
Overfill * * * A92A24 -509 C100 0.980 0.9 0.982 1.3
*Part of LH) Mass Probe, P/N 1A48431-509, S/N E8, Location 408Al
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4,2.16.1 (Continued)

Sensor, Control Unit, Deact React

P/N 1A68710 P/N 1A68710 Cap (pf) Cap (pf)

Ref Dash Ref Dash
Function Loc P/N §/N Loc. P/N S/N Meas Min Meas Max
LOX Tank 406 404
Liq Lev L14 MT657 -1 C33 A63A221 -511 Cl18 1.462 1.3 1.468 1.7
Liq Lev L15 MT658 -1 C32 A63A206 =511 Cl17 1.475 1.3 1.480 1.7
Liq Lev L16 MT659 -1 C36  A63A223 =511 C20 1.443 1.3 1.447 1.7
Pt Lev 1l A2C1 -1 C5 A72A1 -511 C40 1.439 1.3 1.440 1.7
Pt Lev 2 A2C2 -1 D120 272A2 -511 C33 1.402 1.3 1.405 1.7
Pt Lav 3 A2C3 -1 D132 A72A3 =511 C42 1.438 1.3 1.441 1.7
Pt Lev 4 A2C4 -1 D135 A63A227 -511 (C22 1.442 1.3 1.444 1.7
Fastfill A2C5 -1 Cl8 A72A5 =511 C45 1.462 1.3 1.464 1.7
Overfill %% k% k% A72A4 =511 C24 2.059 1.9 2.061 2.3

4.2.17 Digital Data Acquisition System Calibration, Automatic (1B66563 D)

The automatic calibration of the digital data acquisition system (DDAS) was
accomplished by this procedure through the insertion of analog signals to the
multiplexer inputs and discrete signals to the DDAS bilevel inputs. This test
verified that the DDAS was ready to proceed with stage checkout operations.
The items involved in this test were the PCM/DDAS assembly, P/N 1B65792-1,
S/N 6700083; the CPl-BO time division multiplexer, P/N 1B65897-1, S/N 8; the
DP1-BO time division multiplexer, P/N 1B65897-501; S/N 6; the remcte digital
submultinlexer (RDSM), P/N 1B66051-1, S/N 3; and the low level remote analog

submultiplexer (RASM), P/N 1B66050-501, S/N 1.

The procedure was satisfactorily accomplished by the fixst attempt on 21
February 1968. Subsequent to this, the remote analog submultiplexer, P/N
1B66050-1, S/N 2, failed during the DDAS automatic test, H&CO 1B66564, and
was re ected by FARR A271274 (referance paragraph 4.2.20). A new RASM, P/N
1B66050-501, S/N 1, was installed, and a second attempt of this calibration
procedure was accomplished on 6 March 1968, to repeat only the RASM portion
of the test. The procedure was accepted on 20 March 1968. The following
narration covers the first attempt for all except the RASM check, and the

second attempt for the RASM check only.

**Part of LOX Mass Prote, P/N 1A48430-511, S/N C4, Location 406Al
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4.2.17 (Continued)

The stage power setup, H&CO 1B66560, was accomplished to establish initial
conditions for the stage and DDAS. The 72 kHz bit rate cueck was made of tne
PCM data train to ensure it was within tolerance. The 72 kHz bit rate was
measured as 72,003 bits per second, well within the 71,975 to 72,025 bits per
second limits. Then the 600 kHz VCO test was accomplished by measuring the
bandedge frequencies and voltages of the PCM/DDAS VCO output. The upper
bandedge frequency was measured as 633 VkHz at 2.8 vrms, within the accept-
able limits of 623.2 kHz to 643.2 kHz at greater than 2.2 vrms. The lower
bandedge frequency was measured as 567 kHz at 2.9 vrms, within the acceptable
limits of 556.8 kHz to 576.8 kHz at greater tham 2.2 vrms. The frequency
diffeirential was calculated as 65 kHz, within the acceptable limits of

70 +10 kHz.

The next tests performed were the flight calibration and individual checks of
the CP1-BO and DP1-BO multiplexers. The outputs of the multiplexer uata
rhannels were recorded for each of the calibration and input levels of 0.000,

1.250, 2.500, 3.750, and 5.000 vdc. All measured chann:ls were within the

required tolerances.

The RDSM was next verified by inser:ting ones (20 vdi) and zeros (0 vdc) into
the RDSM inputs and checking the output at th. - .. 2r for a digital word of
corresponding ones or zeros. The RASM was verified by inserting voltages

from 0 to 30 miliivolts, which were amplified at the output to be 0 to 5 volts
corresponding to the O to 30 millivolts input. All m2asured outputs for the
RDSM and the RASM were within the required tolerances.

A final test measured the PCM/FM transmitter current as 4.9 amperes, within

the 4.5 £3.0 amperes limits.
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4.2.17 (Continued)

Engineering comments noted that there were no parts shortages affecting this
test. No stage problems ware encountere¢ during either attempt ~f the test,
and no FARR's were written. Engineering comments noted several operational
problems that occurred during the first test attempt. Some CP1-BO multiplexer
channels initially indicated out-of-tolerance malfunctions because two GSE
power supplies were not turnec on, and some RASM channels initially irndicated
out-of-tolerance malfunctions because of a faulty ground hookup and test setup.
Both units were satisfactorily tested after these problems were corrected. One
t rpeout error message occurred because an attempt was made to delete a step
that had previously been deleted, and one program backup was repeated to
reverify the PCM traasmitter curreat. During the second test attempt, it was
noted that the installation of an RASM, ?/N 66050-501, in place of an RASHM,

P/N 1B68050-1, did rot affect the performance of the DDAS calibration RASM
test. It was also noted that several malfunction indications that occurred
during the preliminary stage power setup procedure did not affect the DDAS

calibration procedure.

Ten revisions were made to the procedure:

a. Two revisions changed the RASM test setup figure for better operation,
and to use a battery and voltage divider network instead of an
EPSCO UR 607-2 power supply, as the EPSCO power supply generated
noise which could not be tolerated in the RASM test.

b. One revision changed the iist of required test cables to include
cables, P/N's 1B4815G, 1B58151, and 1B66556; and added a note to
indicate that the -501 configuration of all test cabies was to be
used at SSC, and the -1 configuration was to be used at STC. The
revision alsc deleted the -1 identification from two cable part
number callouts in subsequent setup instructions. This was to make
the p.ocedure agree with the test requirements drawing.

c. One revision added a note to the 600 kHz VCO test manuai operations
tc short out the test leads to obtain zero volt inputs. This
speeded up the test by making it unnecessary to measure tae zero
volt inputs.

d. Two revisions changed the PCM transmitter current measuring operation.
After the PCM RF assembly power was turned on, the delay before
measuring the current was changed to be 50 milliseconds, rather tkran
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4.2.17

(Continued)

180 seconds, to verify that the current was within tolerance immedi-
ately after the initial transient caused by turning on the trans-
mitter. Atter this measurement was completed, a breakpoint was

added and, after a 30 second delay, the current was manually monitored
to verify that it remained in tolerance during the transmitter

warmup.

One revision deleted the Model DSV-4B-298 monochrome system status
display, P/N 1B37968-1, from the End Item Requirement list, as the
unit was in design evaluation and was not ready for use.

One revision changed the 600 kHz VCO test setup figure to use an
EPSCC UR607-2 power supply rather than CEC 3-132 power supply, as
the only available CEC 3-132 power supply was unstable. The EPSCO
power supply was an equivalent item.

One revision changed the CP1-BO and DP1-BO multiplexer test setup
figures to use a Fluke Model 883A differential voltmeter rather than
a Fluke Model 823A differential voltmenter. No Fluke Model 823A
was available, and the Model 883A was equivalent.

One revision specified those parts of the procedure that were repeated
to test the replacement RASM. This included only the initia! setups,
the RASM test, and the shutdown operations.
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4,2.18 Pneumatic Control System Leak Check (1B59457 C)

This manual procedure checked the components of the pneumatic control system
to verify that there was no leakage in excess of design specifications. The
pneumatic control system provided gaseous helium for the stage purge system
and pneumatically operated valves; and included a helium sphere, a helium

fill module, a pneumatic control module, a plenum chamber, nine actuation con-
trol modules, an engine pump purge module, a LOX chilldown pump purge module,
the various pneumatic valves, and the associated plumbing and electrical

circuitry.

Initiated on 21 February 1968, the procedure was completed on 28 February 1968,
after 4 days of activity, and was accepted on 5 March 1968. 1In general, the
test was accomplished by pressurizing the pneumatic control system with gaseous
helium, and using a USON lead detector as the primary method of detecting leak-
age. Leak test bubble fluid was used when required as a seccndary detection

method, and gross leakage was located by listening fcr audible escaping gas.

The stage test configuration iras established by capping various supply and

purge lines to isulate the pneumatic control system. The backup pressure
switches checkout lines were pressurized to about 100 psia, and it was verified
that there was no gross leakage. The checkout lines were then pressurized to
550 +50 psia and leak checked. With the pressure switch sense lines temporarily
disconnected, it was verified that there was no leakage at the sense port of
each pressure switch. At the completion of these checks, the checkout lines

were vented to ambient pressure,

The pneumatic control sphere was pressurized to 1750 +50 psia for an integrity
check, with checks made at several pressures to verify that there was no gross
leakage. The integrity pressure was held for 3 minutes, then the pneumatic
control sphere was vented to 1500 +100 psia and the control sphere supply lines
and purge lines were leak checked. The pneumatic control shutoff valve seat
leskage was measured as zero scim, meeting the 5 scim maximum allowable leak:ge

liritc.
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4.2.18 (Continued) .)

Leak checks were conducted on the pneumatic control module and the engine pump
purge control module, and the engine pump purge valve open flowrate was
measured as 6.5 scfm, meeting the 6.0 +0.5 scfm limits. The pneumatic control
sphere was vented to between 225 and 250 psig and the control module supply
lines were leak checked. The leakage at the pneumatic control module vent
port was measured as zero scim, the start tank vent valve was closed, and
after 2 minutes of venting at the control module the vent port leakage was
remeasured as 0.5 scim. Both of these measurements were within the 1 scim
maximum limit. The pneumatic control sphere was then repressurized to

550 +50 psia.

Leak checks were then conducted on the remaining pneumatic supply lines, and

on the following components of the system: the LOX chilldown pump and the pump

purge control module; the LOX and LI-I2 prevalves and chilldown shutoff valves,

and the actuation control module for these valves; the LOX and LH2 vent and

relief valves and their actuation control modules; the LOX and LH2 fill and

drain valves and their actuation control modules; the OZHZ burner LOX and LH2 :)
propellant valves and LOX shutoff valve, and their actuation control modules;

the directional control valve and its actuation control module; and the LH2

continuous vent valve and its actuation control module.

During the check of the LOX chilldown pump purge module, with the pneumatic
control shutoff valve open, the flow through the module was measured as

43 scim, within the 36.6 +12.2, -3.6 scim limits, and the flow through the
module bypass line was measured as 7.5 scim, within the 10 +3 scim limits,
During the check of the LOX and LH2 chilldown shutoff valves and actuation
control module, the chilldown valve actuation control was pressurized to

500 +10 psig through the vent port, and the pressure was measured as 490 psig.
After a 30 minute delay, the pressure was remeasured as 488.5 psig, meeting

the 1 psi per minute allowable decay rate.
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4.2.18 (Continued)

During the leak checks, leakage measurements were made at the vent porrs of

the actuation control modules, and seal leakage measurements were made at
various valves. All of these measurements were zero scim or sccm except

the following: the LOX chilldown pump seal leakage was 0.6 scim at the
overboard drain vent, within the 8 scim maximum limit; the actuation control
module for the LOX and LBZ prevalves and chilldown shutoff valves leaked 4 scem
at valve A (L2) with the valves open, within the 100 sccm maximum limit; the
LOX prevalve piston seal leakage was 0.5 scim, within the 300 scim maximum
limit; and leakage at the mating flanges of the continuous vent module and

the bypass valve pneumatic actuator was 1.0 scim, within the 6.1 scim

maximum limit.

After the sbove leak checks were accomplished, the pneumatic control sphere

was pressurized to 1450 +50 psia, and the pneumatic system purge lines were leak
checked. For a system pressure decay check with the pneumatic valves de-actuated,
the pneumatic control sphere temperature and pressure were measured as 103°F

and 1464 psia, and were remeasured after a 30 minute delay as 97°F and 1453 psia.
With the pneumatic valves actuated, the control sphere temperature and pressure
were measured as 92°F and 1430 psia, and were remeasured after another 30 minute
delay as 90°F and 1427 psia. These results were acceptable, and the system

was returned to the pre-test configuration, completing the procedure.

Engineering comments noted that there were no parts shortages affecting this
test. Four leaks were found and corrected during the test, no other problems

were encountered, and no FARR's were written.  The four leaks were:

a. Pipe assembly, P/N 1B66247-1, leaked at the seal to the control sphere
and adapter. The conoseal and O-ring were replaced to correct the leak.

b. Pipe assembly, P/N 1B63263-1, leaked at the B-nut connection to a
backup pressure switch. The B-nut was retorqued to correct the leak.

c. The engine pump purge module, P/N 1A58347-505, S/N 81, leaked at the
flange connection of pipe assembly, P/N 1B67224-1. The conoseal and
O-ring were replaced to correct the leak,

d. Pipe assembly, P/N 1B59288-1, leaked at the connection to the actuation
control module for the LH, fill and drain valve. The adapter was
replaced at the actuation control module to correct the leak.
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4.2.18 (Continued)
Eleven revisions were made to the procedure:

a. Two revisions corrected typing errors to show a proper part number
and valve designation, and two proper OLSTOL command bit patterns.

b. Two revisions added requirements to measure leakage at the mating
flanges of the continuous vent module and the bypass valve pneumatic
actuator, to cover a new leak test requirement, and to measure leakage
past the ground side piston actuator seal at the housing vent port of
the directional control valve, to correct a procedure omission.

c. One revision changed the maximum allowable leakage past the flight
side piston actuator seal at the housing vent port of the directional
control valve to be 100 scim rather than 50 scem as listed, to reflect
the leakage rate authorized by the "AC" change of drawing 1A49988.

d. One revision deleted a check for leakage through the shaft seal vent
port of the 02H2 burner LCX propellant valve, as the vent port was
inaccessible.

e. Five revisions changed the test setup to connect portable test gauges
to monitor stage pressures while the Model DSV~4B-6€1 vehicle monitor
panel, P/N 1B40536-1, was temporarily out of service, to disconvect the
portable gauges when the Model 661 was returned to service, and to
reconnect the portable gauges when the Model 661 was again taken out
of service; added a step to disconnect the portable test gauges at the
end of the test, to return the stage to the original condition; and
added a step to reconnect the Model 661 after it was recertified, for
use during subsequent stage testing.

4,2.19 Power Distribution System (1B66562 D)

The automatic checkout of the stage power distributirn system vertified the capa-
bility of the GSE to control power switching to and within the stage, and
determined that static loads within the stage were not excessive. The pruce-
dure verified that particular stage relays were energized or de-energized as
required, and that bilevel talkback indications were received at the GSE.

Static loading of the various stage systems or assemblies was determined by
measuring the GSE supply current before and after turn-on of the system. All
elcicrical components on the stage were involved in this test, including the
point level sensors, the propellant utilization system, the auxiliary propul-
sion system, the J-2 engine ignition bus, the stage telemetry system, the

stage power buses, the LOX and Ll, chilldown inverters. and the external to

2
internal power transfer system.
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4.2.19 (Continued)

Initiated on 22 February 1968, the procedure was completed by the third

attempt on 13 Maich 1968, after 4 days of activity, and was accepted on 14 March
1968. “he first attempt was not acceptable because of out-of-tolerance
voltages fron the LH2 chilldown inverter. After additional troubleshooting,
this unit was rejected by FARR A271270, below, and a new inverter was installed.
The secoad attempt was acceptable, but a subsequent adjustment of the signal
conditioning module for measurement M29, the LOX chilldown inverter frequency,
required that :he test be reaccomplished. The following narration and Test

Data Table 4.2.19.1 covers the acceptable third attempt.

The stage power setup, H&CO 1366560, was accomplished to establish initial
condiiions fur tne test. To verify power supply and stage bus operation,
measurements were made of the engine control bus current and voltage; the APS
bus current; t.e engine ignition bus current and voltage with the bus on, and
veltage with the bus off; and the component test power current and voltage

with the power on, ani voltage with the power off. For a check of the emergency
detection systems (EDS), it was verified that the EDS 2 engine cutoff signal
turned cff the engine control bus power and prevented it from being turned
back on, and also turned on the instrument unit 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 check with the bus turned

back on. Verification was then made that the EDS 1 engine cutoff signal turned
on the non-programmed engine cutoff signal and the AO and BO multiplexer

engine cutoff signal indications (K13); and that with the EDS 1 signal turned

off, the engine ready bypass turned off the cutoff indicatiomns.

For the point level sensor test, the propellant level sensor power current was
measured, and each of the four LH2 tank and fou- LOX tank point level sensors
were verified to respond properly within 300 milliseconds to simulated wet
condition on commands. A series of checks then verified that a dry condition
indication from any two point level sensors in either tank, obtained by simu-
lated wet condition off commands, resulted in the required engine cutoff signal.
For the dry condition of LOX tank sensors 1 and 2, the engine cutoff LOX deple-

tion timer valve was measured to determine the cutoff signal delay time. Each
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4.2.19 (Continued)

of the point level sensors was then verified to respond properly within 300

milliseconds to simulated wet condition off commands.

Verification was then made that the engine cutoff command turned on the AO
multiplexer engine cutoff signal indication (K13), the engine cutoff command
indication (K140), and the engine cutoff, but did not turn on the non-programmeqd
engine cutoff indication. With the engine cutoff cummand turned off, it was
verified that the engine cutoff command indication was off while the multi-
plexer engine cutoff indication and the engine cutoff remained on until

turned off by the engine ready bypass. The engine control bus power was then

turned off and the bus vcltage was measured.

The propellant utilization inverter and electrical power current was measured
while the power was temporarily turne: on. The PCM RF assembly power current
was then measured, and the PCM/FM transmitter output power was measured
through the A0 and BO multiplexers. With the telemetry RF silence command
turned on, “he RF group was verified to be off, the PCM/FM transmitter output
power was measured through the AO multiplexer, and the switch selector output
monitor voltage (K128) was measured with the PCM RF assembly power and read
commands 1 and 2 turned on. With the telemetry RF silence command turned off,
the RF group was verified to be on, and the PCM/FM transmitter power was again

measured through the AO multiplexer.

The rate gyro voltages were manually verified to be 28 +2.0 vdc with the

gyro turned on, and 0.0 +2.0 vdc with the gyro turned off. the environmental
control group current was measured while the group was momentarily turned on.
The aft bus 2 current and voltage were then measured, and the aft bus 2 power
supply local sense indication was verified to be off,

For the LOX and LH2 chilldown inverter tests, measurements were made of the
input current, the output voltages through both hardwire and telemetry, and the

operating frequency through telemetry, for each inverter.
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4.2.19 (Continued)

A series of checks then verified the operation of the external/internal transfer
system for forward bus 1 and 2, and aft bus 1 and 2. The battery simulator
voltages and the electrical support equipment load bank voltages were measured
first. The power bus voltages were then measured with the buses transferred

to internal and the bus local semse indications were 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 then measured with the bus power supply

turned off.

A series of checks then verified that the switch selector register was op=rat-
ing properly, and that the instrument unit 28 vdc power supplies were all on.
The range safety receiver currents were measured with the receivers transferred
to external power and momentarily turned on. The range safety system EBW
firing units were verified to be on when they were transferred to external
power and momentarily turned on. This completed the power distribution system
test. The computer printout indicated that the range safety receivers and
decoders had accumulated 0.866 seconds of running time during this attempt,

and that the switch selector had been used 29 times.

Engineering comments noted that an interim use control relay module, P/N
50M35076~-1, S/N 335, was installed at reference location 404A51A4 in place of

a control relay module, P/N 1B57731-1. The interim use module would be replaced
prior cto STC prefiring activities. As noted, one FARR was written during this
test. FARR A271270 rejected the LH2 chilldown inverter, P/N 1A74(39-517-016,
S/N 73, for out-of-tolerance voltages. Phase AB was 51.54 vac, and phase AC
was 51.28 vac, both outside of the 55.0 +3.0 vac limits. The defective

inverter was removed, and a new inverter, S/N 75, was installed and accepted

for use.
Eight revisions were made to the procedure:

a. One revision deleted the hardwire frequency checks of the LOX and LH
chilldown inverters, as the period counter in the Model DS4-4B-131
response signal conditioner, P/N 1A59947-1, was inoperative due to a
design problem. The frequencies were measured by telemetry during
the test.

2
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4,2.1° (Continued)

b. Four revisions changed the tolerance on several voltage measurements:
The engine bus voltage was to be 0.0 +0.45 vdc when the bus was of.,
and the component test power voltage was to be 0.0 +1.0 vdc when the’
power was off, rather than the 0.0 +2.0 vdc listed for these measure-
ments; the switch selector monitor (K128) voltage was to be 2.0
+0.425 vdc, rather than 2.0 +1.0 vdc as listed, to provide a more
realistic tolerance; and the tolerance on the chilldown inverter
hardwire voltage measurements was to be +2.0, -4.5 vac rather than
+3.0 vac as listed, to compensatc for voltage drops in the GSE cables
and noise spikes which were present when the voltage monitoring
circuit was not loaded by a multiplexer.

¢. One revision corrected two print statements to printout the LOX and
LH, chilldown pump currents. As written, the stu.ements printed out
the aft bus 2 power supply current as measured before the chilldown
inverters were turned on.

d. One revision made a special data run to verify that the LOX and LH2
chilldown pump currents were within tolerance. As noted by the
previous revision, the data printout showed the bus current instead
of the pump currents. Current measurements made before and after the
chilldown inverters were turned on were used to determine the pump
currents, as shown in Test Data Table 4.2.19.1, and the currents
were verified to be acceptable.

e. One revision deleted the Model DSV-4B-298 monochrome system status
display, P/N 1B37968-1, from the End Item Requirements list, as it
was not used during this procedure.

4.2.19.1 Test Data Table, Power Distribution System

Function Measurement Limits
Engine Control Bus Current (amps) 0.200 2.0 + 2.0
Engine Control Bus Voltage (vdc) 27.691 28.0 + 2.0
APS Bus Current (amps) 0.700 1.5 + 3.0
Engine Ignition Bus Current (amps) 0.301 0.0 + 2.0
Engine Ignition Bus Voltage, Bus On (vdc) 27.845 28.0 + 2.0
Engine Ignition Bus Voltage, Bus Off (vdc) ~-0.062 0.0 + 0.45
Component Test Power Current (amps) -0.200 0.0 + 2.0
Component Test Power Voltage, Power On (vdc) 27.999 28.0 + 2.0
Component Test Power Voltage, Power Off (vdc) 0.000 0.0 + 1.0
Engine Control Bus Voltage, EDS 2 On (vdc) -0.030 0.0 + 0.45
Engine Control Bus Voltage, EDS 2 Off (vdc) 27.753 28.0 + 2.0
Propellant Level Sensor Power Current (amps) -0.700 1.0 + 2.0
Engine Cutoff LO¥ Depletion Timer (seconds) 0.549 0.560 + 0
Engine Control Bus Voltage, Bus Off (vdc) -0.022 0.0 + 2.0
PU Inverter and Electrical Power Current (amps) 4.500 3.0 + 2.0
PCM RF Assembly Power Current (amps) 4,801 4.5 + 3.0
PCM/FM Transmitter Output Power, A0 (watts) 18.886 10.0 min
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4,2.19.1 (Continued)

Function

PCM/FM Transmitter Output Power, BO (watts)
PCM/FM Transmitter Output Power (RF Silence On)
(watts) .

Switch Selector Output Monitor (K128) (vde)
PCM/FM Transmitter Output Power (RF Silence Off)
(watts)

Environmental Control Group Current /amps)

Aft Bus 2 Current (amps)

Aft Bus 2 Voltage (vdc)

Chilldown Inverter Tests

Function LOX Inv,
Inverter Current (amps) 22,8

Phase AB Voltage, Hardwire (vac) 51.868
Phase AC Voltage, Hardwire (vac) 51.479
Phase AlBl Voltage, Hardwire (vac) 52.129
Phase AlCl Voltage, Hardwire (vac) 51.608
Phase AB Voltage, Telemetry (vac) 55.465
Phase AC Voltage, Telemetry (vac) 55.465
Frequency, Telemetry (Hz) 400.1

Function

Forward Bus 1 Battery Simulator Voltage (vdc)
Forward Bus 2 Battery Simulator Voltage (vdc)
Aft Bus 1 Battery Simulator Voltage (vdc)

Aft Bus 2 Battery Simulator Voltage (vdc)

Bus 4D20 ESE Load Bank Voltage (vdc)

Bus 4D40 ESE Load Bank Voltage (vde)

Bus 4D30 ESE Load Bank Voltage (vdc)

Bus 4D10 ESE Load Bank Voltage (vdc)

Forward Bus 1 Internal Voltage (vdc)

Forward Bus 2 Internal Voltage (vdc)

Aft Bus 1 Internal Voltage (vdc)

Aft Bus 2 Internal Voltage (vdc)

Forward Bus 1 External Voltage (vdc)

Forward Bus 2 External Voltage (vdc)

Aft Bus 1 External Voltage (vdc)

Aft Bus 2 External Voltage (vdc)

Forward Bus 1 Battery Simulator Voltage (vdc)
Forward Bus 2 Battery Simulator Voltage (vdc)
Aft Bus 1 Batiery Simulator Voltage (vdc)

Aft Bus 2 Battery Simulator Voltage (vdc)
Aft Bus 2 Voltage (vdc)

Range Safety Receiver 1 Current (amps)

Range Safety Receiver 2 Current (amps)

87

Measurement Limits
18.886 10.0 min
-0.178 0.0 + 2.0

2.107 2.0 + 0.425
18.797 10.0 min
0.000 0.0 + 2.0
0.199 5.0 max
55.679 56.0 + 1.0
ng Inv. Limits
22.4 20.0 + 5.0
51.804 55.4, +2.0,-
51.479 55.4, +2.0,-
51.933 55.4, +2.0,-
51.349 55.4, +2.0,-
55.266 55.4 + 3.0
55.465 55.4 + 3.0
400.3 400.0 + 4.0

Measurement Limits
28.04 28.0 4+ 2.0
28.08 28.0 + 2.0
28.00 28.0 + 2.0
56.00 56.0 + 4.0

0.00 0.0 +1.0
0.00 0.0+ 1.0
0.00 0.0 +1.0
0.00 0.0 + 1.0
2G.16 28.0 + 2.0
28.00 28.0 + 2.0
28.04 28.0 + 2.0
55.8¢ 56.0 + 4.0
27.92 28.0 + 2.0
28.08 28.0 + 2.0
27.92 28.0 + 2.0
55.84 56.0 + 4.0
0.00 0.0 + 1.0
0.00 0.0 + 1.0
0.00 0.0 + 1.0
0.08 0.0+ 1.0
0.00 0.0 + 1.0
1.001 .+ 2.0
~-0.500 0.0 + 2.0
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4.2,20 Digital Data Acquisition System (1B6656¢ D)

The digital data acquisition system (DDAS) test verified the operational status
of tae stage data channels. The outputs of the channels were checked by tle
D924A computer to ensure that they were within the specified tolerances. All
channels tested were checked for the proper output under ambient conditions,
while those channels having a signal insertion (calibration) capability were
also checked with the applicable high or low mode calibration signal supplied
by the remote automat!c calibration system (RACS). The proper operations of
the signal conditioning units and associated amplifiers, and the -~ommand
calibration channel decoder assemblies, were verified during these checks.
Additional PCM RF checks verified the proper operation of the telemetry

svstem PCM FM transmitter and artenna system.

The items tested by this procedure included the PCM/DDAS assemtly, F/N
1B65792-1, S/N 6700083; the CP°1-BO time division multiplexer, P/N 1B65897-7,
S/N 8; the DP1-BO time division multiplexer, P/N 1B65d497-501, S/N €; the
remote digital submultiplexer (RDSM), P/N 1B66051-1, S/N 3; the low level
remote analog submultiplexer (RASM), P/N 1B66050-501, S/N 1; and the PCM RF
assembly, P/N 1865788-1, S/N 18001,

The first attempt to run the test procedure was on 26 February 1968. Five
attempts were required before the test was successfully completed on 25
March 1968. The procedure was active fcr 12 days, which included trouble-
shooting of the malfunctions encountered. The procedure was accepted on

7 May 1968.

The stage powe: setup, H&CO 1B66560, was accomplished to establish initial
conditions for the test. The telemetry system PCM RF test was conducted first,
This verified that the PCM FM transmitter RF output power, the telemet:y system
reflected RF power, and the system VSWR, were all within the acceptable limits,
The output and reflected powers were measurec through both telemetry mul%i-
plexers. RACS high and low mode calibration checks were then made of the aft

5 volt excitation module, measurement M25. During the above checks, data

was trans itted both by telemetry and by the ground monitor hardwire circuits.
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%;- The CP1-BO and DP1-BO multiplexer data chenmnels were tested next, except for

special channels which were checked sepsrately. Each channel tested was
veriiied to have the proper outout for the amtiau:t conditions. For those
channels having a calibration capability, the applicabie RACS high cr low

mode calibraticn commands were applied, and the chamnel calibration output

I

was verified to be within tolerance.

Y
A

’
L)

The special channel tesis were then conducted. A 400 Hz GSE calibrz*ion signal
was used to creck the data channels for the static inverter-converter frequ~ncy,
the LH2 ard LOX chilldown inverter frecuencies, and thke LOX und LH2 circulation

pump flowrates. A 140 iz GSE calibration sigral was used to check the data

channels for the LOX and LH flowmeters, and a 1500 dz GSE calibration signal

4 ¥

x

was used to check the daca channels for the LOX and LHZ purnp speeds. An APS
wultiplexer test and a J-Z engine pressures multiplexer test then checked
those data charnels associate. with the APS and J-2 engine functions. The
appropriate RACS high and lcw mode calibration checks were eccomplished during

the special charnel checks and the APS and J-2 engine channel tests.

An umbilical mezsurements test completed the procedure by checking the umbilical
data chaunels for the common bulkhead pressure, the LHZ and LOX uilage pressures,
and the LH2 and LOX emergency detection system trazasduc<r pressures. The

common bulkhead and Lh2 ullage pressure data chamnels u.re 2lso checked with

th2ir 20 and 80 percent calibdratica voltages.

The first attempt to perforn thte test was not acceptable because of several
out-sf-tolerance me_surements, and the failure of a charnel calibration decoder.
The decoder was replaced ani several digital data tape changes were made to
corcect measuremert malfunction-. The sc¢cond attempt was not acceptable because
of nume-ous malfunction indications. Troublesi:coting on these problems

included adjusting signal conditioning modules and replacing the remote

analog submultiplexer and the trarsducer for the hydraulic accumulator GN2
pressure, measuremcat v43. The third attempt was not acceptable because of

six nalfunction indications. Eight other out-of-tolerance conditions were

acceptabl~ after a procedure revision changed t'e tolerance requirements.




4.2.20 (Continued) j)

Troubleshooting following this attempt included the adjustment of several
signal conditioning modules, and the replacement of the transducer for the
J-2 engine regulator outlet pressure, measurement D18, and a propellant
utilization voltage monitor module. The fourth attempt was not acceptable
because of three malfunctions caused by program problems. These were
corrected and the fifth attempt was accomplished. Several malfunction
indications occurred during this attempt, but these were all acceptable
and were accounted for by procedure revisions. The fifth attempt was con-

sidered an acceptable performance of the test.

Engineering comments noted that the LHZ prevalve, P/N 1A49968-507, was not
installed ac location 427A6 at the start of the test. The prevalve was
installed and tested prior to the completion of the test. As noted, numerous
problems were encountered during this test. These were all satisfactorily
resolved >y adjuscing signal conditioning midules, replacing defective items,
or making revisions to the digital data tape and the procedure. Five FARR's

were written during tiic test to coriect problems noted on IIS 378228: :)

a. FARR A271272 noted that channel calibration decoder 411A61A259, P/N
1A74053-503, S/N 318, failed to provide the proper high and low RACS
output signals. The de:oder was removed and a new unit, S/N 244,
waz installed and accepted for use.

b. FARP A27i274 rejected the remcte analog subrultiplexer 404A60A201,
P/N 1iB06050-1, S/N 2. The RASM output was 2.533 vdc during the
high RACS calitration, when it should have been 4.000 +0,075 vdc.
The defective unit was removed and 2 new RASM, P/N 1B66050-501,
S/N 1, was installed and accepted for use.

c. FARR 500-238-038 rejected pressure transducer 403MT606, P/N
1837356-513, S/N 137-28, for the hydraulic accumulator GN, pressure,
measurement D43, as the calibration information provided for the
transducer was not sufficient for data reduction. The transducer
was removed and a new transducer, S/N 352-2, was installed and
accepted for use.

d. FARR 500-238-046 noted that pressure transducer, P/N NA5-27412-T7LT,
S/N 5895A, for the J-2 engine regulator outlet pressure, measurement
D18, had an cutput ~f -2.685 psia. The output should have been 14.7
+1.1 psia. The defective unit was removed and a new transducer, S/N
6653A, was installed and accepted for use.

'
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(Continued)

FARR 500-238-071 rejected propellant utilization voltage monitor
module 411A61A241, P/N 1B39022-1-004, S/N 25, for measurement M60.
The module low RACS output on channel DP1-B0-04-09 was 0.015 vdc,

but should have been 1.000 +0.100 vdc. The defective module was
removed and a new module, S/N 26, was installed and accepted for use.

Twenty-nine revisions were made to the procedure, with one of these voided.

The remaining revisions were:

a.

Five revisions changed the pre-test and post test manual operatioms.
The thermoconditioning servicer was adjusted to provide a 59 +5°F
cold plate temperature for the PCM RF checks, duplicating the PCM
system setup condition; the telemetry signal distribution unit was
verified to be set for closed loop operation; all stage systems,
except the thermoconditioning and hydraulic systems, were verified
to be at ambient conditions as required for the test, and the APS
modules were repressurized following the test; the Boonton signal
generator on the frequency calibration console was set up before
the Model 5245L electronic counter, rather than afterwards, as the
generator output was used in adjusting the counter; and a paragraph
was added to note that out-of-tolerarce pressure measurements should
be compared to the actual calibration curve for the transducer, and
accepted if the value was within +2 percent of the curve.

Two revisions changed the PCM transmitter output power requirement
to be 19.0 +7.25 watts, rather than 21.75 +6.75 watts, and changed
a printout statement to show the new expected value. This was to

be compatible with the antenna system procedure.

One revision added an umbilical check of the LOX and LH, chilldown
differential pressures, measurements D578 and D579, function numbers
204 and 212.

One revision changed the pneumatic console 5 volt transducer power
supply turn on operation to initially verify that the pover supply
voltage was 5.01 +0.2 vdc rather than 5.01 +0.1 vdc, and then subse-
quently verify that the power supply voltage, function number 1370,
was 5.012 +0.012 vdc. This allowed the power supply to stabilize.

Two revisions deleted the propellant utilization oven indication,
measurement K151, from multiplexer channel CP1-B0-09-07, and added
the propellant utilization oven stability monitor, measurement N63,
function number 2317, to multiplexer channel DP1-B0-05-06, with an
expected value of -0.023 +0.100 vdc. Measurement N63 had replaced
measurement K151 on the stage.

Three revisions changed the expected value of the auxiliary hydraulic
pump motor gas pressure, measurement D209, on multiplexer channel
DP1-B0-07-01. As the hydraulic system was to be pressurized during
the test, the expected value was changed to be 20.75 +11.95 psig,
rather than 0.0 +1.2 psig. The expected value in the program

9N
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(Continued)

was subsequently changed to be 16.5 +17.7 psig. It was noted that

the actual expected value should be 8.641 psig, the measured pressure,
as the auxiliary pump air tank had been reduced to ambient pressure
so that measurement D223 would pass the ambient measurement limits,
which alloweu the motor gas pressure to slowly decay toward ambient
pressure.

Three revisions changed the expected value of twelve APS pressure
measurements to be 14.7 psia rather than 50 psia or 35 psia, and
changed the tolerance of ten of these same measurements to be +8 psia
ratl  than +10 psia. The APS was at ambient pressure during this
tes _.nsicad of being pressurized.

One revisior changed the measurements of the PCM transmitter output
power and the telemetry system reflected power to measure watts rather
than volts.

One revision corrected a program error to show the proper re-entry
point fer a "Go To" command.

Two revisions added one machine language statement and changed another
to provide the correct channel number printouts for the special
channel tests.

Two revisions added the omitted tolerances for twenty-two APS and J-2

engine measurements, using values from test requirements drawing 1B64<87,

and noted that the printed out ambient values for these measurements
were to be manually verified to be within these tolerances, as an
excessive number of prcgram changes would be required to accomplish
this verification automatically.

One revision changed the expected value for spare channel DP1-B0O-11-09
to be 0.0 +0.150 vdc, rather than 0.0 +0.075 vdc. Intended for
measurement D241 in the future, the channel had the stage wiring
installed and connected, although no transducer was installed. This
unterminated wiring caused a higher noise level.

One revision increased the delay time during the special channels
RACS test to be 60 seconds, rather than 300 milliseconds, to allow
more warr up time for the expanded scale frequency measurements.

One revision changed the expected value of the common bulkhead
pressure, measurement D237, to be 14.7 +0.5 psia, rather than 0.0 +0.5
psia, as the common bulkhead was at ambient pressure during the test.

One revision deleted the Model DSV-4B-298 monochrome system status
display, P/N 1B37768-1, from the End Item Equipment lis%, as the unit
was not operational.

One revision changed the nominal high RACS calibration voltage of the
LH2 tank helium bottle repressurization pressure, measurement D20,
to"be 3.910 +0.100 vdc, rather than 4.0C0 +0.100 vdc. The nominal
value for this measurement was changed to the bench test value for
greater accuracy in measuring the function.
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4.2.21 Auxiliary Propulsion System Simulator Checzkout (1B66569 D)

Before the installation of the auxiliary propulsion system modules, this
automatic test procedure verified the integrity of the stage wiring associated
with APS functions, and verified receipt of command signals routed from the
GSE automatic checkout system, through the attitude control relay packages,

to the APS electrical interfaces. The Model DSV-4B-188 APS simulators, used
in place of the uninstalled flight APS modules for this test, did not simulate
the APS modules functionally, but provided suitable loads at the electrical
interface to determine that the stage mounted components of the APS functioned

properly.

All stage mounted components of the APS were tested, in particular the attitude
control relay packages, P/N 1B57731-1, S/N 361, at reference location
404A71A19, and interim use package, P/N 50M35076-1, S/N 335, at reference
location 404A51A4,

The procedure was satisfactorily accomplished by the first attempt on 27 Feb-
ruary 1968, and was accepted on 4 March 1968. The data in this narration
and in Test Data Table 4.2.21.1 are from this first attempt.

After initial conditions were established by the stage power setup, H&CO
1B66560, the GSE IU substitute -28 vdc power supply was turned on and measured
at -30.24 vdc, within the -28.5 +2.5 vdc limit. The APS firing enable

command and the APS bus power were turned on. A series of tests were then
conducted to verify the proper operation of the AFS engine valve solenoids.
The attitude control nozzle commands were turned on and the appropriate APS
engine valve open indicaiion voltage was measured through the AQ and BO

instrumentation multiplexers.

The attitude controi nozzle command was then turned off and the valve open
indication voltage was again measured through the AO multiplexer. The 70 pound
ullage engine commands 1 and 2 were then individually turned on and off, while
the ullage engine relay reset was verified to operate properly. At the
conclusion of these tests the stage was returned tc the pretest configuration,
thereby completing the test procedure. The computer typeout indicated that

the switch selector was used 4 times during this test.
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4.2.21 (Continued)

Engineering comments noted that an interim use attitude control relay module,
P/N 50M35076-1, S/N 335, was installed at reference location 404A51A4 in
place of a flight use module, P/N 1B57731-1. The interim use part was to be
replaced by a flight use part prior to STC prefiring testing. It was also
noted that the LH2 prevalve was not installed at the time of this test. This
caused a malfunction printout during the preliminary stage power setup, but
did not affect the APS test. No problems were encountered during the test,
and no FARR's were written. One revision was made to the procedure, to
delete the Model DSV-4B-298 monochrome system status display, P/N 1B37968-1,

from the End Item Equipment list, as the display was not used during this test.

4,2.21.1 Test Data Table, Auxiliary Propulsion System

Attitude Control Valve Open Indication Voltage (vdc)
Nozzle Command APS Engine AQ Multi. BO Multi. Limits
Nozzle I IV Om 1-1 or 1-3 4.31 4.36 4.2 +0.30

off 1-1 or 1-3 0.00 - 0.0 +0.25
Nozzle I II On 1-1 or 1-3 4.33 4,37 4.2 +0.30
Off 1-1 or 1-3 -0.00 - 0.0 +0.25
Nozzle I P On 1-2 4.26 4.31 4.2 +0.30
Off 1-2 0.00 - 0.0 +0.25
Nozzle III II On 2-1 or 2-3 4.10 4.16 .0 +0.30
Off 2-1 or 2-3 0.00 - 0.0 +0.25
Nozzle III IV On 2-1 or 2-3 4.09 4.14 4.0 +0.30
Off 2-1 or 2-3 0.00 - 0.0 +0.25
Nozzle III P On 2-2 4.17 .18 4.0 +0.30
Off 2-2 0.00 - 0.0 +0.25
94



o S
L

4.,2.22 Propellant Utilization System Calibration (1B64367 H)

This manual calibration procedure verified the operation of the propellant
utilization system, and provided the necessary calibration prior to the
automatic checkout of the system. For calibration purposes, the propellant
utilization test set (PUT/S), P/N 1A68{14-1, was used to provide varying
capacitance input., to the propellant utilization electronics assembly (PUEA),
simulating the LOX and LH, mass probe outputs under varying propellant load
conditions. The particular items involved in this test were static inverter-
converter 411A92A7, P/N 1A66212-507, S/N 18; propellant utilization electronics
assembly 411A92A6, P/N 1A59358-529, S/N 33; LOX mass probe, P/N 1A48430-511,
S/N C4; and LH, mass probe, P/N 1A48431-509, S/I ES8.

The calibration procedure was accomplished on 28 and 29 February 1968, with an
additional oscilloscope check of the 1 voit er r signal waveform made on

1 March 1968. This check showed that other than 50 millivolt peak-to-peak
noise spikes, the signal was stable and acceptable. On 8 March 1968, the
procedure was reactivated to adjust the PUEA fuel bias R7 potentiometer, to
correct a problem noted during the propellant utilization system automatic
checkout, H&CO 1B66567, (reference paragraph 4.2.28). The procedure was
accepted on 11 March 1968. Measurements and ratiometer settings made during

the test appear in Test Data Table 4.2.22.1.

Atmospheric conditions in the test area were measured before the calibration
was started. Megchm resistance measurements were made on both the LH, and
LOX mass probe elements through connector 4i1W11lP1 at the PUEA, using a 50
vdc megohmeter. The PUT/S was connected to the PUEA and the static inverter-
converter, and the stage power for these units was manually turned on. The

static invertev-converter voltages and operating frequency were then measured.

The PUEA bridge calibrations were conducted next. Simulated empty conditions
were established with the PUT/S, and the PUEA LH, and LOX bridge empty
calibrations we;2 accomplished by nulling the bridge tap voltages with the
PUT/S raticmeter, at settings >f 0.02034 for the LH, bridge and 0.02012 for
the LOX meter for the LH2 bridge and the PUEA Rl potentiometer for the LOX

bridge. Simulated full conditions were then established with the PUT/S,
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4.2.22 (Continued)

using a Cl capacitor (LH,) setting of 210 picofarads and a C2 capacitor (LOX)
setting of 128 picofarad;, and the ratiumeter was set to 0.84108. To accom-

plish the PUEA LH, and LOX bridge full calibrations, the bridge outputs were

nulled by adjustiﬁg the FUEA R4 potentiometer for the LH2 bridge and the PUEA
R3 potentiometer for the LOX bridge.

Data acquisition was verified by establishing simulated empty and full condi-
tions with the PUT/S, and adjusting the PUT/S ratiometer to null the PUEA LH2
and LOX bridge outputs. Bridge slew checks were conducted by establishing

simulated 1/3 and 2/3 slew conditions with the PUT/S, and adjusting the PUT/S

ratiometer to null the PUEA LH, and LOX bridge outputs for each conditionm.

2

For the reference mixture ratio (RMR) calibration, the difference between the

previously determined LOX and LH, empty ratiometer settings, -0.00001, was

multiplied by 98.4 vdc to give azreference voltage of -9.000984 vdc., Simu-
lated empty conditions were established with the PUT/S, and the PUEA residual
empty bias R6 potentiometer was adjusted to give the reference voltage output.
Simulated full conditions were then established with the PUT/S, and the PUEA
residual full bias R5 potentiometer was adjusted to null the RMR bias voltage.
For a fuel boiloff bias adjustment, simulated boiloff conditions were
established with the PUT/S, using a Cl capacitor (LHZ) setting of 244 pico-
farads and a C2 capacitor (LOX) setting of 128 picofarads. The PUEA fuel bias
R7 potentiometer was then adjusted to null the RMR bias voltage.

PUEA LH2 and LOX bridge linearity checks were accomplished by individually
setting tne PUT/S Cl capacitor (LHZ) and C2 capacitor (LOX) to specific values,

and adjusting the PUT/S ratiometer to -.ull the appropriate PUEA bridge output.

For a fuel boiloff bias data acquisition check, the RMR bias voltage was
measured as 0.011 vdc under simulated empty conditions, and as 10.543 vdc

under bias internal test conditions. The fuel boiloff bias voltage was the
difference between these measurements, 10,532 vdc. A fuel boiloff bias limita-
tion check was accomplished by adjusting the PUEA fuel bias R7 potentiometer
fully counterclockwise, setting the PUT/S C2 capacitor (LOX) to zero picofarads,
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4.2.22 (Continued)

and adjusting the Cl capacitor (LHp) to null the RMR bias voltage. The

R »%’.i&:{i?‘ .r""'t o

capacitor null setting was 67.3 picofarads, meeting the 48 picofarads minimum
requirement. The PUT/S Cl1l capacitor was then set to zero picofarads aad the

LHy beiloff bias voltage was measured as 19.950 vdc.

The hardwire loading circuits were checked by establishing simulated full con-
ditions with the PUT/S, setting the PUT/S ratiometer to 0.00000, and measuring
the hardwire loading circuit PUEA LHZ and LOX bridge output voltages. These
voltages were 22.57 vdc and 22.55 vdc, respectively, meeting the 21.52 to

25.52 vdc requirements. This completed the p: n»ellant utilization system
calibration. It was subsequently discovered that the procedure neglected to
re-establish the fuel boiloff bias adjustment following the fuel boiloff bias
limitation check, leaving the PUEA fuel bias R7 potentiometer set fully counter-

i
k
¥
£
&

clockwise. A revision corrected this omission, and the bias adjustment was

accomplished to properly set the PUEA R7 pctentiometer.

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

written. Thirteen revisions were made to the procedures:

a. Two revisions added several steps to monitor the PU oven temperature
at the GSE numeric readout panel, function number 2317, measurement
N63. to verify that the temperature increased to some stable value
after the power was turned on.

b. One revision added a note to verify that the frequency counter chassis
was grounded to stage ground when measuring the static inverter-
converter operating frequency, as the measurement could not be made
with the counter mngrounded.

c. Two revisions changed the fuel boiloff bias adjustment Cl capacitance
value, as listed in :he 'data value or instruction'" table, and the
fuel boiloff bias limitation check requirements, because of a design
change in the PUEA boiloff bias circuits. During the bias adjustment
the Cl capaci.ance value was to be 244 picofarads, rather than 227
picofarads as listed in the table. During the bias limitatIon check,
the PUEA fuel bias R7 potentiometer was adjusted fully counterclock-
wise, rather than fully clockwise, and the null value of capacitor Cl
was to be 48 picofarads minimum, rather than 25.51 picofarads minimum.
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4.2.22 (Continued)

d. Five revisions corrected minor procedure and typing errors, to include
P/N 1A66212-507, as well as -505; to verify that the stage power setup
or initial conditions scan had been completed before starting the test,
rather than to perform the power setup; to show the correct paragraph
references in the test record table; to show that frequency counter-
HP521C or equivalent, rather than only HP521C, and megger - Genera.
Radio 1862B, rather than 1862C, were required Non-End ltems for the
test; and to correct the algebriac subtraction used to determine the
fuel boiloff bias voltage.

e. One revision deleted the Model DSV-4B-298 monochrome system status
display, P/N 1B37963-1, from the End Item Equipment list, as it was
not used in the test.

f. One revision alded a note to disconnect stage connector 411W6P37 from
receptacle J-2 on the static inverter-converter 411A92A7 during the
initial equipment setup, as the PUT/S —oltage breakout box connected
to this receptacle.

g. One revisior corrected a procedure omissicn, to re-establish the fuel
boiloff bias adjustment (PUEA R7 potentiometer) following the bias
limitation check. As this omission was not noted until after the test
was completed, the revision provided for repeating those parts of the
test necessary to accomplish the adjustment.

4.2.22.1 Test Data Table, Propellant Utilization System Calibration

Pre-Test Atmospheric Conditions

Temperature: 75°F
Pressure: 29.99 in. of Hg.
Relative Humidity: 71 percent

LH, Mass Probe Megohm Check, Plug 411W11P1

Function Resistance (megohms) Limits (megohms
LH, Probe Elements, Pins G to E Inf 1000 min
Pin G to Shield Inf 1000 min
Pin G to Stage Ground Inf 1000 min
Pin G Shield to Stage Ground Inf 1000 min
Pin E to Stage Ground Inf 1000 min
LOX Mass Probe Megohm Check, Plug 411W11P1
LOX Probe Elements, Pins A to C Inf 1000 min
Pin C to Shield Inf 1000 min
Pin C to Stage Ground Inf 1000 min
Pin C Shield to Stage Ground Inf 1000 min
Pin A to Stage Ground Inf 1000 min
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4,2.22.1 (Continued)

Static Inverter-Converter Measurements

Function Measurements
5.0 vdc Output Voltage (vdc) 4,909
21.0 vdc Output Voltage (vdc) 21.625
28,0 vdc Output Voltage (vdc) 27.273
117 vdc Output Voltage (vdc) 121.55
115 vrms Monitor Voltage (vdc) 2.718
Test Point 2 Voltage (vdc) 21.756
V/P Excitation Voltage (vdc) 50,427
Operating Frequency (Hz) 400.7
Data Acquisition
Function PUT/S Ratiometer
LHy Empty 0.00025
LOX Empty 0.00024
LH9 Full 0.84116
LOX Full 0.84121
Bridge Slew Checks
Function PUT/S_Ratiometer
LHy 1/3 Slew 0.27558
LH2 2/3 Slew 0.56413
LOX 1/3 Slew 0.26907
LOX 2/ Slew 0.56495
LH, Bridge Linearity Check
PUT/S Cl Value PUT/S Ratiometer
47.00 pf 0.16758

84.00 pf 0.33524
126,00 pf 0.50378
168.00 pf 0.67229
210.00 p£ 0.84147

LOX Bridge Linearity Check
PUT/S C2 Value PUT/S Ratiometer

25.60 pf 0.16715

51.20 pf 0.33522

76.80 pf 0.50351
102.40 pf 0.67184
128.00 pf 0.84126

*Limits Not Specified

99

Linits

4,50 to 5.10
20.00 to 22.50
26.00 to 30.00

115.0 to 122.5

2.23 to 3.18
20.0 to 22.5
49,106 to 52.267

394. to 406

Limits

0.00000 to 0.00168
0.00000 to 0.00168
0.83940 to 0.84276
0.83940 to 0.84276

Limits

X K K X

Limits

0.16653 to 0.16990
0.33475 to 0.33811
0.50297 to 0.50633
0.67118 to 0.67455
0.83940 to 0.84276

Limits

0.16653 to 0.16990
0.33475 to 0.33811
0.50297 to 0.50633
0.67118 to 0.674 5
0.83940 to 0.84276
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4.,2.23 Cold Helium System Leak Check (1B59458 C)

This manual leak and f inctional check verified the integrity of the cold helium
system, and demonstrated the capability of the system to supply and regulate
the helium gas used to pressurize the LOX tanks. The particular items
involved in this test included the cold helium spheres, P/N 1A48858-1, S/N's
1137, 1175, 1181, 1211, 1212, 1213, 1215, 1217, and 121%; the plenum sphere,
P/N 1A49991-1, $/N 63; the cold helium dump module, P/N 1B57781-5CG3-003, S/N
4; the LOX tank pressurization control module, P/N 1B42290-505, S/N 12; the
LOX chilldown pump purge pressure switch S4, P/N 1B52624-515, S/N &44; the LOX
prepressurization flight control pressure switch S8, P/N 1B5¢%24-515, S/N 45;
and the associated plumbing and manifold assemblies. The procedure also
checked the dual repressurization system, including the OoH2 burner, P/N
1B62..7-509-009, S/N 10.

Initiated on 29 February 1968, the procedure was compieted on 4 March 1968, after
3 days of activity, and was accepted on 8 March 19A8. In gemneral the leak
checks were conducted by pressurizing the system witi: he”ium gac and using a
helium leak detector or LOX compatible leak detection bubble scii=icn to

locate any leakage. Gross leakage was located by listening for audibie

escaping gas.

The GSE and stage test setups were accomplished, and the cold helium and duai .
représsurization systems were isolated from nther cystems. The LOX tahkA_
repressurization helium coil of the OyH, burner was pressurized to 400 #10
psig and the connections were leak checked. For a heliun coil pressure decay
check the pressure was measured as 401 psig both ! .fore and after a 30 minute
delay, showing that there was no pressure decay nver this period. The helium

coil was vented to ambient at the end of this test.

The LOX tenk pressure switch checkout line was pressurized to 50 +5 psia and
leak checked. The pressure switch sense lines were disconnected and it was

verified that there was no leakage at the switch sense portz. The pressure

switch sense lines were rec. .nected, and the checkout line was vented to

ambient.
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4.2.25 ‘tinued)

Tt 2 cold ..2iium spheres were pressurized to 50 psig, the system was verified
to have no grcss leakage ipstream or downstrzam of *he control module, aud

the proper cneration of the cold helium dump vilve was veri€fiea., The LOX
pressurization system downstream of tre control module was then vented to
ambient. The cold he’ium spheres were pressurized to 500 psia, while a check
verilisd that the ccid heiium regulator dischcrge pressure did not ircrease as
the spheres were pressurized. The cold helium spheres were then n»ressurized
to 950, +0, -25, psia and held at this pressure for 3 minutes for an irtegrity
test. Following ti.. integrity test the spheres uere vented to 825 25 psia
and lesk checks were conducted on the coli helium and dual repressurization
systers upstream of the pressurization control modula, ard from the cold
helium cump module to the helium spheres manifold. During these checks the
combined valve leakage of the cold helium shutoff valves and the LOX burner
sola2noid vilves was measured as zero scim, meeting the 25 scim combined leak-
age limit. The helium spheres were then vented to 500 psig while the cold
helium dump line was checked for auditle leakage. The seat leakage of the
cold helium cu. ac reli2f valve was measured as less than the 12.5 scim

maximum leakage iimit.

The cold helium shutoff valve were then verified to operate properly. Leak
checks were then conducted or the cold helium and duval r=pressurization systems
downstream of the pressurization control module, and the L.., and LOX repres-
surization vaives were verified to operate properly. After the completion

of these checks the cold helium and dual repressurization systems were venced

to ambient and the stage was returned to the pre-test configuracion.

Engineering comments noted that there were no narts shortages affecting this
test. A number of leaxks were lccated and corrected without FARR action, no
other problems were enccuntered during the test, and no FARR's were written.
The following leaks weive corrected during the test:
a. Leaks at botk sides of *wo uuions, P/N MC160, one between pipe assem-
blies, ?/N's 1B66828-1 and 1B52413-1, and one betweer pipe assemblies,

F/V's 1B52413-1 and 1%52439-1, were corrected by tightening the umnion
f.utings.



%.2.23 (Continued) j)

Five

b.

Leaks at the upstream B-nuts of pipe assemblies, P/N's 1B67672-1,
1B67609-1, and 1B67464-1, and at both the upstream and downstream
B-nuts of pioe assembiv, P/N 1B€7094-1, were all corrected by
retorquing the B-nuts.

A lecak at the surge tank adapter, T/N 1B52432-50:, was corrected by
replacing the conoseal and O-ring, and placing washers under the
heads of the overlength mounting bolrts.

Leaks at two unions, P/N MC160C8, were corrected by replacing the
unions.

A leak at the seal of the LOX tank pressurizatiocn control module
adapter, F/N 1B56436-501, was corrected by replacing the seal.

Leaks at the B-nuts of pipe assembly, P/N 1B67466-1, were corrected
by irstalling a new pipe assembl; and a new union.

revisions were made to the procedure:

2.

One revision deleted twd steps, one during the stage setup to dis-

connect and plug pipe assembly, P/N 1B66543-1, at its junction

with the LH, pressurization line, P/N 1B668z4-1, and one after

completion of the test to reconnect the twc pipe assemblies, as pipe

assembly, P/N 1B66843-1, was not accessible. The LH, pressurization

line was allowed to pressurize during the }7H, burner checks and was i)
verted at the completion of the test. -

One revision changed a pipe assembly reference to be P/N 1B69840-1,
rather than P/N 1B66839-1 as listed at two places, as the pipe
ass=ambly was changed per the "N" revision of drawing 1B58005.

Twvo revisions changed the stzge setup to connect portable test gauges
to monit>r the cold helium spheres pressure and the cold helium
discharge pressure while the Model DSV-4B-661 vehicle monitor panel
was temporaily out of service, and to reconnect the Model 661 when
it waes returned to service.

One revision added a step to leak check from the outlet of the burner
pipe assembly, P/N 1B67829-1, to pipe assembly, P/N 1B66824-1, to
correct a procedure oxission.
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’ 4.2.24 Propellant Tanks System Leak Check (1B59459 D)

?; This manual leak che<k procedure verified the integrity of the stage propellant
tanks and associated plumbing the common bulkhead vacuum monitoring system,
and the vacuum jacketed ducts. The propellant tank differential pressure scan,
H&CO 1B74681 (reference paragraph 4.2.35), was run in conjunction with the
propellant tarks pressurization parts of this procedure, to verify that the
tank pressures and the commron bulkhead differential pressure remained within
acceptable limits. The particular items checked by this procedure included

the LOX and LH7 tank assembly, P/N 1A39303-535, S/N 508, and those items shown
in Test Data Table 4.2.24.1.

Initiated on 1 March 1968, the procedure was completed on 2 April 1968, after

t ot ko P T huegta
o Suket ot SORECIRN

8 days of activitv, and was accepted on 4 April 1968. In general, the leak

o

check was zccoaplished by pressurizing the system with gaseous helium and using

ey
orn

Y B y Y
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a USON leak detector and leak detection bubble solution to locate lzaakages.

A vacuum check of the jacketed ducts was accomplished first. A theromcouple
vacuum gauge meter, P/N 1A94433-501, S/N 2, was cconected to the vacuum

c} sensing thermocouple probe built into each duct, and the vacuum reading was
verified to be 230 microns of mercury or less. The particular ducts checked,

and the measured vacuums, are shown in the Test Data Table.

The common buikiicad vacuum monitoring system was leak checked next. The
test setup was made and the common bulkhead was pressurized to 2.5 +0.5 psig.
The system was then leak checked from the aft umbilical disconnect to the com-

mon bulkhead, and to the transiucers for measurements D545 and D237. The

common bulkhead was vented to ambient pressure after completion of the leak

check.

The OoHy burner was leak checked next. T-e test setup was made, the pneumatic
control sphere was pressurized to between 500 and 750 psig, and the proper
operation of the burner LOX and lLii) propellant valves and LOX shutdown valve
was verified. The burner system was pressurized to 5.0 +0.5 psig, and leak

checks were accomplished on the connections of the burner propellant lines,
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4.2.24 (Continued)

inlet and outlet, injectors, and fittings. The burner and the pneumatic control

sphere were vented to ambient after the leak checks were completed.

The test setup was then made for the propellant tanks tests, the pneumatic con-
trol sphere was pressurized to 700 50 psia, and the proper operation of the

LHy propellant valve and LOX shutdown valve was verified. The LOX and LH, tanks
were purged with helium for a 50 minute period, ana then pressurized to 12 psiy
in the IuX tank and 11.5 psig in the LH, tank. These pressures were maintained
for 3 minutes for an integrity check. The tanks were then wvented to 10 psig in
~he LOX tank and 9.5 psig in the LH2 tank, and gas samples were taken to deter-
mine if the helium content of the tanks was sufficient for subsequent leak
checks. Additional tank purging, venting, pressurizing, and sampling was
accompiished as required until the gas samples showed greater than 75 percent

helium by volume.

The tauks were then pressurized to 10 psig in the LOX tank and 9.5 psig in the
LH, tank. A flowmeter was used to measure the leakage at various valves, as
shown in the Test Data Table, and leak checks were accomplished on the various
connections of the LOX and LHj tank systems. During the LH, tank check, the
propulsive and nonsropulsive vent pressures were measured with the LH, vent
valve both closed and open, as shown in the Test Data Table, to obtain sample
transducer readings in a closed system. At the ccmpletion of the leak checks
the tanks were vented to ambient pressure. After the correction of the one
leak noted below, the tanks were repressurized while the repair was leak
checked. The tanks were then'vented to ambient pressure and the stage was

returned to the pre—test condition.

Engineering comments noted that there were no ports shortages affecting this
test. One leak was found and corrected during the test. Recirculatior duct,
P/N 1A49966-503, leaked at the conmnection to tbe LHy prevalve. The seal

was replaced, satisfactorily correcting the leak. FARR 500-238-089 noted that
.ne desiccant port flange, P/N I'FC 59657-150S, on pipe assembly, P/N 1B67025-%,
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4.2.24 (Continued)

o ~Iw7..j Y

had a nick in the outer rim. This damage occurred during the LH, tank desiccant
installation following the test. The condition was acceptable, as the damaged

area was outside of the sealing surface and did not prevent a goocd seal.

Six revisions were made to the procecure:

a. One revision adaded two steps to measure anc record the proplusive
vent and nonpropulsive vent pressires with the LH; vent valve closed
end open, to obtain sample transducer readings for a closel system.

One revision provided special fmstructions for maintaining the
heliim content of the tanks during an overnight hold. The tank
pressures were vented to 2 psig in the LH7 tank and 5 psig in the
LOX tank at the start of the hold, monitcorad to wverify that the
pressures rem~ined at 2 +1.f psig and 5 %l psig during the hold,
and then repressurizec to the recuired test pressures at the end

of the hold.

c. One revision waived the 75 percent helium conteat requiremert for
the retest of the corrected leak at the Lh, prevalve, and accomplished
the retest using leak detection solution.

cr

Q.

>

d. Tvo revisions mnodified the method of obtaining the required helium
concentration for the initial propellant tanks leak chezk. Rather
than repeatedly venting and repressurizing the tznks, they were
purged with helium for several nours, until the helium c~ncentration

was acceptable.

e. Ore revisior. changed one step to disconnect the electrica. connectors
frcm the LOX tank vent actuation control module opening solenoid,
403A75A1L1, ard the LHy tank vent actuiatioa control module opeaing
soleno.d, £{11A2L1, rather than fror sclenoid 403A75A1L1 ouly, to
ensure that botn tanks were in the same venting mode at the same time.

4.2.24.1 Test Data Table, Propellant Tanks System Leck Check

Vacuum Duct Leak Checks

Part P/N S/N  Vacuum (Microns of Hg)
LHo Sngine Feed Duct 1A49320-503--C03 18 20.1
LHy Ergine Feed Duct 1A49320-513 35 32.0
LHy Chilldown Supply Duct 1A49966-503 30 37.0
LHy burner Feed Duct 1B65206-503 16 13.0
LH2 Burne:- Feed Duct 1B59005-501 17 3.0
LOX Burner Feed Duct 18590979--501 22 4.5
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4,2.24.1 (Continued)

Flowmeter Leakage Measurements

Part Leakage

LH2 Fill and Drain Valve Blade Shaft Seal
LHy Fill and Drain Valve Main Seal

LOX Fill and Drain Valve Blade Shaft Seal
LOX Fill and Drain Valve Main Seal

LOX Chilldown Pump Seal

LOX Prevalve Shaft Seal

LOX Vent and Relief Valve
LOX Vent and Relief Valve
O2H7 Burner Propellant Valves

Combined Seal
Piston Seal
Combined Main Seal

LHy Prevalve Shaft Seal
LH, Vent and Relief Valve Combined Main Seal
LHy Vent and Relief Valve Piston Seal

LH7 Directicnal Control Valve
LH, Directional Centrol Valve

LHZ Continuous Vent Yalve Combined Internal

LH, Tank Vent Pressure Readings

Meas. No. Function

D181 ¢ ontinuous Vent 1 Pressure
(psia)

D182 Continuous Vent 2 Pressure
(psia)

D183 Nonpropulsive Vent 1 Pressure
(psia)

D184 Nonpropulsive Vent 2 Pressure
(psia)

LH, Tank Gauge Pressure

(psig)

106

Flight Position Seal
Ground Position Seal

Measurement (Scim)

1.4
0.
0.
0.
0.
0.

Vent Valve Closed

24.32 .

24 .37

14.99

(oo 1b

24,
24,

<
24,
24.

9.

Limits (Scim)

6.1 max
100. max
6.1 max
100. max
75. max
100. max
None
2.40 max
300. sccm max
100. max
480. max
4, scfn max
300. max
300. max
350. max

Vent Valve Open

15

26

15

12
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4.2.25 J-2 Engine System Leak Check (1B59461 C)

The manual leak check of the .J-2 engine system was subdivided into two separate
procedures. The J-2 engine leak check began with the pressurization, leak
check, and depressurization of the start sphere. This was followed by a pres-
surization and leak check of the control sphere, and leak checks of the pneu-
matic lines with the mainstage control, helium control, ignition phase control,
and start tank discharge control solenoids energized and de-energized. The
thrust chamber leak check involved pressurization of the chamber, and leak
checks of the system, under pressure, downstream of the main fuel and oxidizer

valves, and the engine portion of the LH, tank pressurization system.

Initiated on 4 March 1968, the procedure was completed on 13 March 1968,
after 6 days of activity. Following this, on 21 and 22 March 1968, parts
of the procedure were used to leak check the sense line for the measure-
ment D18 transducer, after Rocketdyne rewelding operations on this line.
The procedure was accepted on 4 April 1968. Helium gas was used for
pressurization during this procedure, and leakage was detected by the

use of a USON leak detector, leak detection fluid, or, engine connec-

tions having leak detection ports, a Rocketdyne G3104 flow tester.

The thrust chamber leak check was accomplished first. After the test configu-
ration was established the pneumatic control sphere was pressurized to between
225 and 250 psig, and the thrust chamber was pressurized to 30 +5 psig. Leak
checks were then conducted on the thrust chamber purge and chilldown line,

and on those svstem lines and connections that were pressurized. The flapper
valve, P/N 1B53920-501, on the LHy pressurization line, was verified to be in
the proper orientation. The engine start tank and the thrust chamber were

then vent2” to ambient to complete this part of the test.

The J-2 engine leak check was accomplished next. After the test configuration
was established, the checkout line for the mainstage OK pressure switches was
pressurized to 500 +10 psig and leak checked. For a pressure switch pressure
decay check, the checkout line pressure was measured as 500 psig, and remeas-
ured as 500 psig after a 1 hour delay period. The checkout line was then vented
to ambient, and the pneumatic control sphere was pressurized to 245, +10,

-20, psig.

W7
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4.2.25 (Continued)

The engine start tank was then pressurized to 100 psia, the proper operation

of the start tank vent valve was verified, awud the start tank vent line was
leak checked. The start tank was then pressurized to 550 +25 psia for an
integrity check, with checks made at 290 2nd 400 psia to verify that there

was no gross leakage. The integrity pressu. was held for 3 minutes, then

the tank was vented to 485 +25 psia, the start tack fill line was leak checked,

and the tank was vented to ambient.

The engine control sphere was pressurized to 100 psia, and the proper operacion

of the control <phere vent valve was verified. The control sphere was then
pressurized to 1750 +50 psia for an integrity check, with checks made at each
500 psi increment to verify that there was no gross leakage. The integrity
pressure was held for 3 minutes, then the sphere was vented to 1500 +50 psia
and leak c.uecks were conducted on the sphere fill and outlet lines. The
control sphere was vented tc ambient, then repressurized to between 225 and
250 psig for the remaining system leak checks. During these leak checks the
mainstage control, helium control, igniticn phase contols, and start tank dis-
charge control colenoids were energized and de-energized as required to supply
pressure to the various system lines, and all pressurized lines, connections,
and valve check ports were leak checked. At the conclusion of these checks,
the engine contro. sphere and the ambient helium sphere were vented vo ambient,

and all of the control solenoids were de-energized.

Engineering comments noted that there were no parts shortages affecting this
test. No leaks were found during the normal accomplishment of the procedure.
During the leak check of the rewelded sense line for the measurement D18
transducer, a leak was found at the upper sleeve weld. The line was again
rewelded and no further leaks were found. No FARR's were written during this

test. TFive revisions were made to the procedure:

a. One revision changed two steps to properly leak check the start tank
repressurization line. The line downstream of the check valve was
checked when it was pressurized during the engine leak -heck, and
the line upstream of the check valve was checked, when it was pres-
surized during the thrust chamber leak check.
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4,2,25 (Continued)

b. One revision changed two steps to use a Magnaflux black light or
equivalent to inspect the injeccor face for contamination both
before and after the thrust chamber leak cneck. A visual inspec-

tion -vould not reveal any contaminaats unless the biack light
equipment was used. '

c. One revision deleted a post-test step to remove a hand valve ~nd
adapter from the LH, tank pressurizetion line, as the hand valve
was required for additional tests.

d. One revision changec tvo steps during the test setup a..d post-test
operations, to indicaie that the repressurization system was not
to be isolated from the pneumatic control system. The repressuri-
zation system leak check, H&CO 1B59460, had been completed out-of-

ecc. ence, and isolating the system during this test would require
* st it be retested.

e “ne revision added instructions to two steps in the test setup and
.st-test operations. When the Rocketdyne throat plug, ¥/N G3120,

was instailed, soap solution, P/N aMS 3159, was used around the
contact area if the plug would not seal. When the throat piug was
removed, the plug and the *hrust chamber area were cleaned with
trichlorethylene solution. Thece steps were reauired as the plug
would not seal properly. Ar Engineering comment on this subject
noted tha* although the scap solution vas used, no sealant was
permitted, and none would be used fer subsequent plug installations.

After the cleening operation, a black light inepection of the thrust
chamher area showed that the area was cleaa.

4.2.26 Repressurization System Leak Check (1B59460 B}

This manual procedure leak checked the repressurization system prior to
automatic checkout activitizs. Used to repressurize the LOX and LHy tanks for
the J-2 engine restart, the repressurizutici system included the LOX tank
repressurization control module 403A74A3, P/N 1B56653-513, 3/N 49; the LH, tank
repressurization control mcdule 403A73A4, P/N 1B56653-513, S/N 48; se.en
ambient helium storage spheres, P/N 1R66868-501, two for LOX tank repressuri-
zation, S/N's 38 and 40, and five for LH, tank repressirizatiom, S/N's 28, 36,
39, 41, and 42; and the associated plumting. The system also included an 02H2
burn2r and additional cold helium spheres for dual repressurization, but these

were checked during the cold helium system leak check, H&CO 1B59458,

Initiated on 5 March 1968, the procedure was completed on 6 March 1968, and was

accepted on 7 March 1768. 1In general, the test was accomplished by nressurizing
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4.2.26 (Continued)

the system with helium gas and using a USON leak detector or leak detection
bubble solution to locate any leakage. Gross leakage was located by

listening for audible escaping gas.

After the GSE and stage test configuration was established, the repressuriza-
tion ambient helium spheres were pressurized to between 50 and 100 psia, and

the proper operation of the LOX and LH2 repressurization dump valves was
verified. The helium spheres were then pressurized to 1750 psig for an integuity
check, with a check made at 500 psig to verify that there was no audible leakage.

The integrity pressure was held for 3 minutes, then the spheres were vented to
about 1500 psig.

Seat leakage measurements were then made on tke valves, P/N 1B4366C-509, within
the LOX and LH; repressurization control modules. The LOX repressurization
spheres dump valve 40,A74A3L1, S/N 2207, and the LH2 repressurizazion spheres
iump valve 403A73A4L1, S/N 2194, both had zero scim seal leak-ges, meeting the
12 scim 2llowable leakage limits for these valves. The LOX contrrol shutoff
valves 403A74A3.2 and L3, S/N's 2196 aud 2031, had a 4.9 scim combined seat
leakage, while the LH2 contror shutoff valves 403A73A412 and L3, S/N's 2030 and
2197, had a zero scim combined seat leakage, bLoth within the 25 scim allowable
combined leakage limit.

Leak checks were then conducted on the components, fittings, and connections

of the repressurization system from the helium spheres to the repressurization
control modules. The helium spheres were vented to 400 +50 psig, and the
proper operation of the repressurization control shutoff valves was verified.
Leak checks were then conducted on the system from the repressurization control
modules to the connections to the LOX and LH, pressurization lines. After the
completion of these checks the repressurization system was "rented to ambient

and the stage was returned to the pre-test configuration.
Engineering comments noted that there were no parts shortages zffecting the

test. Three leaks were found and corrected during the procedure. Leaks at

the B-put of cup assembly, P/N MC177C4W, on manifoid assembly, P/N 1B56657-501;
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o d
o at the upstream B-nut ol pipe assembly, P/N 1B58841~1; and at the downstream

B-nut of pipe assembly, P/N 1B58857-1, were all corrected by retorquing the
B-nuts. One GSE problem occurred when the facilities hardline vent broke at
the VIL tower ceiling during the venting after the sphere integrityv test. No
stage damage occurred, and venting was accomplished after short vent pipes
were installed at the repressurization modules. No other problems were

encountered, and nu FARR's were written.

Three r .visions were made to the procedure, with one of these voided.

N

-

g

A

>

a. One revision added a setup step to remove pipe assembly, P/N
1B58847-1, from the LOX and LH) repressurization modules, and to
connect the plumbing venting setup between the elbows, P/J
MC248C8N, on the modules and the hardline vent pipe on the VCL
engine deck. This was to use the newly installed hardline vent

system end plumbing system to vent gases from the stage outside
of the tower.
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b. One revision deleted a shutdown step that would remove a test
adapter and hard valve from the LOX pressurization line and
reconnect pipe assemblies, P/N's 1B55285-1 and 1B67049-1. The

LOX pressurization line was to remain disconnected for subsequent
testing.

4.2.27 Exploding Bridgewire System (1R66566 D)

This automatic procedure verified the integrity of the exploding bridgewire
(EBW) system, and demonstrated the capability of the EBW system to initiate
uliage rocket ignition and jettison when commanded bv the instrument unit

during flight. The particular items involved in this test were:

;Ji Part Name Ref Location P/N S/N

'llage Rocket Ignition System

& EBW Firing Unit 404ALTAL 40M39515-113 292
ERW Firing Unit 4LOLALTA2 40M39515-113 298
Pulse Sensor * 4046A4TA4A1  4OMO28&52 551
Pulse Sensor * 4OLALTALA2  40MO2852 517
* On Pulse Sensor Bracket Assembly 4O4ALTA4 1B52640-1 10
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4,2,27 (Continued)

Pait Name Ref Locetion P/N S/N

Ullage Rocket Jettison System

EBW Firing Unit 404A75A1 40M39515-113 299
EBW Firing Unit 404A75A2 40M39515-113 293
Pulse Seunsor ** t04A75A10A1 40MO28S2 532
Pulse Sensor ** 404A75A10A2 40M02852 583
** On Pulse Sensor Bracket Assembly 404A75A10 1A97791~501 5

This procedure was accomplished on 6 Morch 1968, and was accepted on 7 March
1968. Throughout this procedure, .he charged conditiun of each ERV firing
unit was determined by verifying that the firing unit voltage indication
measured 4.2 +0,3 vdec, while the uncharged or discharged condition was
determined by verifying that the voltige indication measured 0.0 +0.3 vdc or,
during the firing unit disable test only, 0.2 +0.3 v. =.
The stage power setup, H&CO 1B66560, was accomplishe: to establish initial
conditions. An EBW pulse sensor self test was conuucted first, by verifying

that the self test command properly turned on the four EBW pulse sensors, and

‘S

that the reset command pronerly turned £ the pulse senscrs.

The ullage ignition EBW firing units were tested next. The cnarge ullage
ignition command was verified to properly charge both ullage ignition EBW
firing units while both ullage jettison EBW firing units remained uncharged.
To verify that the fire ullage igrition command prop.~ly fireld the ullage
ignition FBW firing units, it was det2.ained that botb ignition pulse sensors
were turned on while both jettison pulse sensors remained off, aud that both

ullage ignition EBW firing units were discharged.

The ullage jettison EBW firing vuits were tested in *he same way, by verifying
that the charge ullage jettison command charged the ullage jettison EBW firing
units, and that the fire ullage jettison command fired only the jettison

firing urits and turned on only the jettison pulse sensors.

During this part of the test, a special <*ock was made f{ur ciosstalk be.ween

the fire ullage ignition and fire ullage jettison commands. The charge ullage ﬂ)

-
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4.2.27 (Continued)

ignition command was left on after the ignition firing units were checked,
causing the ignition firing units to be charged at the time the jettison fi:.ing
units were charged. After it was verified that the fire ullage jettison
command did not fire the ullage ignition firing units, the fire ullage ignition
command was again turned on, and the proper firing of the ignition ifiring uaits

was verified at the GSE numeric readout panel.

A series of checks then verified that the EBW ullage rocket firing unit disable
command preven‘ed the firing units from charging when the charge ullage ignition
and charge ullage jettison commands were turned on, and discharged the firing
units while preventing them from firing when the fire ullage ignition and fire

ullage jettison commands were turned om.

A final series of checks verified the operation ©f the EBW pilot relay by
determining that the pilot relay reset indication was off after each of the
charge ullage ignition and jettison and fire ullage ignition and jettisun com-
mands were turned on, and that the pilot relay reset indication was on after
each command was reset. The switch selector was used 22 times during this pro-
cedure, each of the ignition firing units was fired 2 times, and esch of the

jettison firing units was fired 1 time.

Engineering comments noted that there were no parts shortages affecting this
test. No problems were encountered during this test, and no TARR's were
written. One revision was made to the procedure, to add the steps necessary
to accomplish the check for crosstalk between the ignition and jettison firing

commands.
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4.2.28 Propellant Utilization System (1B66567 D)

This automatic checkout procedure verified the ability of the propellant
utilization system to determine and control the engine propellant flow mixture
ratio to ensure eimultanecus propellant depletion, and to provide propellant
level information to control the fill and topping valves during LOX and LRZ
loading. This tect involved all components of the stage propulsion utiliza-
tion system, including the propcllant utilization valve in the J-2 engine, and
the following:

Part Ref. Location P/N S/N

Propellant Utilization Electronics

Assembly (PUEA) 411A92A6 1A59358-529 33
Static Inverter-Converter 411A92A7 1A66212-507 18
LOX Mass Probe 406A1 1A48430-511 C4
LH, Mass Probe 408A1 1A48431-509 E8
LOX Overfill Sensor (Part of LOX Mass Probe)
LCX Overfill Control Unit 404A72A4 1A68710-511 C24
LOX Fast Fill Sensor 406A2C5 1A68710-1 C18
LOX Fast Fill Control Unit 406A72A5 1A68710-511 C45
LH» Overfill Sensor (Part of LHp Mass Probe)
LH2 Cverfiil Control Unit 411A92A24 1A68710-509 C100
LH, Fast Fill Sensor 408A2C5 1A68710-1 D136
LH, Fast Filil Centrol Unit 411A92A43 1A68710-509 D71

Initiated on 7 March 1968, the procedure was completed by the second attempt on
8 March 1968, after 2 days of activity, and was accepted on 11 March 1968. The
first attempt was not acceptable because of an out-of-tolerance boiloff bias
voltage. It was found that the bias had not been adjusted during the propellant
utilization system calibration because of a procedure omission (Reference para-
graph 4.2.22). The bias was properly adjusted, and the digital data tape (DDT)
curve for this function was corrected for the second attempt. The operation and
test results of the s~tem per this second attempt are discussed in this para-

graph and Test Data Table 4.2.28.1.

After the stage power setup, H&CO 1B66560, was accomplished, ratio values were
obtained from the manual Propellant Utilization System Calibration procedure,
H&CO 1B643t7, and loaded into the computer. From these ratio values, nominal
test values were computed for LOX ard LH2 coarse mass voltages, fine mass volt-
ages, and loading vrltages. The propellant utilization (PU) system power test
was conducted first. Power was applied to the PU inverter-converter and

electronics, then the forward bus Z voltage and the static inverter-converter

1u
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4.2.28 (Continued)

output voltages and operating frequency were all measured. The PU temperature
indication was monitored at the GSE numeric readout panel to verify that it

increased to some stable value after the PU power was turned on.

The bridge balance and ratio valve null test was conducted next. The ratio valve
position was measured, and the LOX and LH2 coarse and fine mass voltages were

measured through the A0 and BO instrumentation multiplexers.

The PU loading test followed. The LH2 boiloff bias signal voltage was measured
with the boiloff bias cutoff turned on, and with the cutoff turned off. The GSE
loading potentiometer power was turned on, and the voltage was measured.
Measurements were then made of the LOX and LH2 loading potentiometer sense volt-
ages and signal voltages. Measurements of the LOX and LH2 loading potentiometer
signal voltages were repeated after the LOX and LH2 bridge 1/3 checkout relay
commands were turned on, and again after these commands were turned off. The GSL
power was turned off, and the LOX and LH2 loading potentiometer sense voltages

were again measured.

The servo balance bridge gain test was conducted next. The ratio valve position

was measured, and the LOX and LH, coarse and fine mass voltages were measured

2
through both the A0 and BO telemaerry multiplexers. The measurements were

repeated with the LOX and LH, bi?dge 1/3 checkout relays on, with the bridge 2/3
checkeut relays on, with the bridge 2/3 checkout relays off, and again with the

bridge 1/3 checkout relays off.

The next check verified that the -“0X and LH2 tank overfill and fast fill sensors
and their associated contrc: units responded properly under ambient (dry) condi-

tions and under simulated we: conditions of the sensors.
The valve movement test next measured the ratio valve positions during the 50-
second-plus valve slew and the valve positio s during the 50-second-minus valve

slew.

The next part of this procedure¢ was the PU activate test. All measurements for

this test were made through the A0 and B0 aultiplexers. 7The ratio valve position
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4.2.28 (Continued)

was measured, then the LOX bridge 1/3 checkout relay command was turned on and
the LOX coarse mass voltage was measured. The ratio valve position was
remessured with the PU activate switch turned on, and again with it turned off.
The LOX bridge 1/3 checkout relay command was turned off, then the LOX coarse
mass volcage and the ratio valve position were remeasured. These steps were
then repeated using the I..H2 bridge 1/3 checkout relay, and measuring the LH

2
coarse massS voltage.

For a final test, the PU valve hardover position command was turned on, and the
PU system ratio valve position was measured as -28.3 degrees with the LOX bridge
1/3 checkout relay command and the PU activate switch both on, meeting the less

than -20 degrees requirement.

PR .
P Y

At the completion of this attempt, it was noted that the switch selector had

been used 12 iimes, and that the LOX and LH, bridge potentiometers had been

2
cycled 4 times and 3 times, respectively.

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

were written against the procedure. Four revisions were made to the procedure:

B et R .
" . . L, v .,
TR bishs k¢ ks Nanw Deer 4N shmbor ddne e

a. One revision changed the tolerance on the LHj boiloff bias voltage
measurement from +1 vde to +2, ~0 vdc. The nominal bias voltage
obtained during the calibration procedure, H&CO 1B64367, was not
measured at the same point on the PUEA summing network as the M10
measurement obtained during this automatic procedure, with M10 always
greater by about 1 vdc.

: b. One revision changed the tolerance on the PU coarse loading potenti-
! ometer voltages from +0.2 vdc to ~0.6 vdc.

c. One revision deleted checks of the PU oven indication, measurement
K151, and added steps to monitor the PU temperature indication on
the GSE numeric readout panel, to verify that the temperature

- increased to some stable value after the PU power was turned on.

A The temperature indication, measurement N63, function Number 2317,

replaced the oven indication, measurement K151.

+ rowpnut

ffﬁ d. One revision deleted the Model DSV-4B-298 monochrome system status
h}?’ display, P/N 1B37968-1, from the End Item Equipment list, as the unit
T was under design evaluation and was not ready for checkout use.
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:i? ‘ 4.2.28.1 Test Data Table, Propellant Utilization System

R 3

e Loaded Values (From H&CO 1B64367)

5

B LOX Empty Ratio 0.000 LH, Empty Ratio 0.000
LOX Wiper Ratio 0.021 LH, Wiper Tatio 0.020
LOX 1/3 Bridge Slew Ratio 0.269 LH, 1/3 Bridge Slew Ratio 0.275
LOX 2/3 Bridge Slew Ratio 0.565 LHy 2/3 Bridge Slew Ratio 0.563
LH, Boiloff Bias Voltage 10.532 vdc

Computed Coarse Mass Voltages gvdcz

LOX Empty 0.0C LH9 Empty 0.000
LOX 1/3 Mass 1.345 LH, 1/3 Mass 1.377
LOX 2/3 Mass 2.827 LH, 2/3 Mass 2.817

Computed Fine Mass Voltages (vdc)

LOX Empty 2.051 LHy Empty 1.953
LOX 1/3 Mass 1.685 LHy 1/3 Mass 1.011
LOX 2/3 Mass 2,588 LHy 2/3 Mass 2,783

Computed Loading Voltages (wvdc)

& LOX Empty 0.000 LH2 Empty 0.000
LOX 1/3 Coarse Mass 7.520 LHy 1/3 Coarse Mass 7.711

PU System Power Test

Function Measurement Limits

Forward Bus 2 Voltage (vdc) 28.52 28.0 +2.0
Inv.-Conv. 115 vrms Output (vrms) 114.461 115.0 +3.4
Inv.-Conv. 21 vdc.Output (vdc) 21.819 21.25 #1.25
Inv.-Conv. 5 vdc Output (vdc) 4.960 4.8 40.3
Inv.-Conv. Operating Frequency (Hz) 400.828 400,0 +5.0

Bridge Balance ard Ratio Valve Null Test

Function AQ Multi, BO Multi, Limits
- Ratio Valve Position (deg) 0.078 - 0.0 +3.0
: LOX Coarse Mass Voltage (vdc) -0.005 -0.005 0.000 +0.1
K LOX Fine Mass Voltage (vdc) 1.797 1.787 2.051 +0.4
; LH, Coarse Mass Voltage (vdc) 0.000 -0.010 0.000 +0.1
; LHy Fine Mass Voltage (vdc) 1.904 1.899 1.953 +0.4

17
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e 4.2,28.1 (Continued)

i

el PU Loading Test

: Function Measurement Limits
LH2 Eoiloff Bias Voltage, On (vdc) 12,261 10.532 +2.0,

-000

LH, Boiloff Bias Voltage, Off (vdc) 0.492 0.0 2.5
GSE Power Supply Voltage (vdc) 28.118 28.0 +2.0
Loading Potentiometer Function LOX Pot. LHy Pot. Limits
Sense Voltage, GSE Power On (dc) 28.079 28.039 GSE Pur +0.4
Signal Voltage, Relays Off (vdc) 0.000 0.027 Load Volt +0.5
Signal Voltage, Relays On (vdc) 7.383 7.602 Load Volt +0.6
Signal Voltage, Relays Off (vdc) 0.000 0.000 Load Volt +0.5
Sense Voltage, GSE Power Off (vdc) -0.399 -0.439 0.0 +0.75
Servo Balance Bridge Gain Test
Function AQO Multi. BO Multi. Limits
Ratio Valve Position (deg) 0.078 - 0.078 +1.5
LOX Coarse Mass Voltage (vdc) -0.005 0.000 0.000 +0.1
LOX Fine Mass Voltage (vdc) 1.777 1.768 2.051 +0.4
LH, Coarse Mass Voltage (vde) -0.005 -0.010 0.000 +0.1
LH, Fine Mass Voltage (vdc) 1.899 1.885 1.953 +0.4
1/3 Checkout Relays On
Ratio Valve Position {deg) 0.487 - 0.078 +1.5
LOX Coarse Mass Voltage (vdc) 1.338 1.333 1.343 +0.1
LOX Fine Mass Voltage (vdc) 1.543 1.543 1.685 +0.4
LH, Coarse Mass Voltage (vdc) 1.367 1.362 1.377 0.1
LH, Fine Mass Voltage (vdc) 0.898 0.894 1.011 +0.4
2/3 Checkout Relays On
Ratio Valve Position (deg) 0.965 - 0.078 +1.5
LOX Coarse Mass Voltage (vdc) 2.817 2,817 2.827 +0.1
LOX Fine Mass Voltage (vdc) 2,363 2.358 2.588 +0.4
LH, Coarse Mass Voltage (vdc) 2,813 2.817 2.817 +0.1
LH, Fine Mass Voltage (vdc) 2.%61 2.461 2.783 0.4
2/3 Checkout Relays Off
Ratio Valve Position (deg) 0.487 - 0.078 +1.5
LOX Coarse Mass Voltage (vdc) 1,343 1.338 1.343 +0.1
LOX Fine Mass Voltage (vdc) 1.567 1.558 1.685 +0.4
LHy Coarse Mass Voltage (vdc) 1.362 1.362 1.377 40.1
LH) Fine Mass Voltage (vdc) 0.889 C.889 1.011 +0.4
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4.2.28.1

(Continued)

1/3 Checkout Relays Off

Ratio Valve Position (deg)
LOX Coarse Mass Voltage (vde)
LOX Fine Mass Voltage (vdc)
LHy Coarse Mass Voltage (vdc)
LH; Fine Mass Voltage (vdc)

Function

PU Valve Movement Test

50 Second Plus Valve Slew

Ratio Valve Position, AO (deg)
Ratio Valve Position, BO (deg)

+1 vdc System Test Valve Pos. Signal (vdc)

V1,
v2,
V3,
Va4,
V5,

Position
Position
Position
Position
Position

at T+3 Seconds (deg)
at T+5 Seconds (deg)
at T+8 Seconds (deg)
at T+20 Seconds (deg)
at T+50 Seconds (deg)

50 Second Minus Valve Slew

Ratio Valve Position, AO (deg)
-1 vdc System Test Valve Error Signal (vdc)-0.994

0.010

0.010 -0.010

1.777 1.772

0.000 0.000

1.899 1.895
Measurement

0.08

-3.885
-4.771
-5.317
-5.521
-5.521

V1, Position at T+3 Seconds (deg)
V2, Position at T+5 Seconds (deg)
V3, Position at T+8 Seconds (deg)
V4, Position at T+20 Seconds (deg)
V5, Position at T+50 Seconds (deg)
PU Activate Test

Function AQ Multi.
Ratio Valve Position (deg) 0.010
LCX Coarse Mass Voltage, Relay On

(vdc) 1.343
Ratio Valve Position, PU On (deg) 31.576
Ratio Velve Position, PU Off (deg) 0.351
LOX Coa..e Mass Voltage, Relay

Off (vdc) 0.000
Ratio Valve Position (deg) 0.078
LHy Coarse Mass Voltage, Relay

On (vdc) 1.367
Ratio Valve Position, PU On (deg) -28.214 .
Ratio Valve Position, PU Off (deg) 0.21
LHy Coarse Mass Voltage, Relay

0ff (vdc) -0.005
Ratio Valve Position (deg) 0.078

119

BO Multi.

0.078

1.338
31.576
0.282

0.010
0.078

1.362
~28.214

-0.005
0.146

4
IEIEIEIE 1L
£ =

Limits

0.
0.
1.
2.037
2.659
2.977
5.226
5.226

0.

-1.
-2.037
-2.659
-2.977
-5.226
-5.226

078 +1.50
078 +1.50
00 +0.03
to 6.351
to 7.396
to 7.396
to 7.396
to 7.296

078 +1.50
0 +0.03
to -6.351
to -7.396
to -7.396
to -7.396
to -7.296

Limits

0.

078 +1.50

1.343 +0.

20.0 min.
15.0 max.

.000 +0
.078

1+1+

1.377 +0.

-20.0 max.
-15 .0 mina

0.000
0.078

+ 1+

l'

1
1
5

1

0.01
1.5

Lowa
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4.2.29 Range Safety Receiver Checks (13866565 C)

This combined manual and automatic procedure verified the functional
capabilities of the .;ange safety receivevrs prior to their use in the range
safety system checkout. The receivers were checked for automatic gain
control (AGC) calibration and drift, minimum acceptable deviation sensitivity,
minimum acceptable RF sensitivity, and open loop operation., The items

involved in this test were:

Part Name Ref. Location P/N S/N
Range Safety Receiver 1 411A97A14 50M10697 182
Range Safety Receiver 2 411A97A18 50M10697 189
Secure Command Decoder 1 411A99A1 50M10698 181
Secure Command Decoder 2 411A99A2 50M10698 39

Initiated on 8 March 1966, the procedure was completed by the first attempt on
12 March 1968, after 2 days of activity, and was accepted on 20 March 1968.
The following narration and Test Data Table 4.2.29.1 cover the acceptable.first

attempt.

Several manual operations were accomplished before the automatic procedure was
started. The total cable insertion loss values at the 450 MHz range safety
frequency were found to be 30.6 db for range safety system 1, and 31.4 db for
range safety system 2. The Model DSV-4B-136 destruct system test set, P/N
1A59952~1, was set up at 450.000 +0.045 MHz with a -17 dbm output level and a
60.00 +0.60 kHz deviation. The stage range safety antennas were disconnected
from the directional power divider, and 50 ohm loads were connected to the power

divider in their place for test use until the open loop RF checks.

Initial test conditions were established by the stage power setup, H&CO 1B66560,
the range safety receivers were transferred to external power and turned on, and
the propellant dispersion cutoff command inhibit was turned on for both receivers.

The cable insertion loss values were loaded into the computer for use in the

program.

The receiver AGC calibration checks were conducted next. For each input signal

level used in the calibration check, the computer determined the GSE test set
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4.2,29 (Continued)

output level required to compensate for the cable insertion loss, and, when
requested by the computer typeout, the GSE test set was manually adjusted to
these output levels. The computer then determined the input signal levels
and measured the low level signal strength (AGC telemetry voltage) of each
receiver. These AGC measurements, ir the O to 5 vdc range, were multiplied
by a conversion factor of twenty and presented as percent of full scale
values. The AGC calibration check was conducted twic.:, and the difference in
AGC values at each step was determined for the AGC drift check. As shown in
the Test Data Table, the AGC values were all acceptable, and the drift devia-

tions were well below the 3 percent of full scale maximum limit,

Manual -3 db and -60 db RF bandwidth checks were individually condicted on
each receiver. With a GSE test set output frequency of 450.000 +0.005 MHz,
the output level was adjusted to obtain a 2.0 +0.1 vdc telemetry reference

AGC voltage from the receiver under test. The corresponding receiver RF output
level was determined, and +20 dbm was added to obtain ihe RF reference level.
The GSE test set output level was increased by 3 db, and the test set fre-
quency was increased above 450 MHz, and then decreased below 450 [Hz, until
the receiver telemetry reference AGC voltage was again obtained. The
frequencies at which this occurred were measured as the upper and lower -3 db
bandedge frequencies. The -3 db bandwidth was found as the difference between
these frequencies, and the bandwidth centering was found as the midpoint of
these frequencies. For the -60 db bandwidth check, this procedure was
repeated, except that the test set output level was increased by 60 db rather

than 3 db. The results of these checks are shown in the Test Data Table.

For the deviation threshold check, the GSE test set was adjusted for an output
of 450.000 +0.045 MHz at a level that provided receiver input levels of -63
dbm for receiver 1, and -63.8 dbm for receiver 2. A series of checks deter-
mined the minimum input deviation frequency at which each receiver would
respond to the range safety commands. For each command, the GSE test set was
manually adjusted to a sequence of deviation frequencies increasing from

5 kHz, as requested by the computer typeout. At each deviation frequency,
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4.2.29 (Continued)

the range safety secure command decoders were checked for the presence of the
command signal from the appropriate receiver. As shown in the Test Data
Table, both receivers responded to all commands at minimum deviation frequen-

cies well below the 50 kHz maximum limit.

For the radio frequency sensitivity checks, the GSE test set vas adjusted for
an output of 450.000 +0.045 MHz with a fixed deviation of 60.0 +0.5 kHz, A
series of checks determined the minimum input signal level at which each of
the receivers would respond to the range safety commands. For each command,
the GSF test set output was manually adjusted to a sequence of levels
increasing from -84.4 dbm, as requested by “he computer typeout. This gave
input levels increasing from -115.0 dbm for receiver 1, and increasing from
-115.8 dbm for receiver 2. At each input level, the range safety secure
command decoders were checked for the presence of the command signal from the
appropriate receiver. Both receivers responded to minimum input levels below

the -93 dbm maximum limit, as shown in the Test Data Tehle.

The 50 ohm loads were disconnected from the stage power divider, and the

range safety antennas were reconnected for the open loop RF checks. For a
manual open loop check, the GSE test set was adjusted for open loop operation,
and the test set antenna roaxial switch was set to the first test position.
The test set output level was set at -100 dbm and increased in 1 dbm incre-
ments until the AGC voltage of the least sensitive receivers no longer increased,
This occurred at an output level of -71 dbm. The AGC voltage of the other
receiver was verified to be at least 3 vdc at this level. The 'k was
repeated with the tes: set antenna coaxial switch set to the sc -+ ~ test
position, with the output level measured as -69 dbm. .JThe gest sei anterfna ~
coaxial switch was returned to the first test positior, and the test set cut-

put level was set at -81.5 dbm for the automatic open loop RF checks.
Under open loop conditions, the low level signal strength (AGC telemetry

voltage) of receiver 1 was 3.32 vdc, while that of receiver 2 was 3.62 vdc.

The range safety commands were transmitted from the GSE test set, and checks
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f% of the secure command decoders showed that both receivers responded properly
to the open loop transmission. The PCM RF assembly power was turned on, the
open loop PCM signal was verified to be received at the DDAS ground station,
and the range safety coumands were again transmitted. Checks of the uecoders
showec that both receivers respondad properly and were aot adverselv affected
by the PCM RF transmission. The PCM RF assembly power was turned off, the
range safety EBW firing units were transferred to external power, the propel-
lant dispersion cutoff command inhibits were turned off for both re:eivers,
and the range safety receivers were both turned off, completing the range

safety receiver checks. The computer printout indicated that both range

S . el SR

safety receivers and both decoders had accumulated 2 hours 22 minutes 38,742
seconds running time during this attempt, and that the switch selector had

been used 2 times.

Engineering comments noted that there were no part shortages affecting ihe

test. No stage problems were encountered during the test, and no FARR's were
(:} written.

Several minor operating problems were encountered during the test, as noted

3 I d [ ST Y P Y r
b, SIORES b

by Engineering comments. The AGC calibration and drift checks were conducted
twice, as malfunction messages Aduring the first check indicated several out-
of-tolerance AGC drift measurements. These were caused by the wrong cutput
levels being set at the GSE destruct system test set during the AGC calibra-
tion checks. It was also noted that due to a format error, the malfunction

: messages printed incorrect dbm values, but that the correct dbm values could
i ‘ be derermined from the priqtout data. When the program was backed up to
rerun the AGC checks, the compuﬁer ﬁrintef malfunc®ioned, and the printout
paper was torn. This was corrected, and the ALC checks were repeated «~tis’ 1c~
torily. Another problem occurred during the open loop RF checks when the RF
distribution system 2 was not set on command. The PAM ground station was

manually reset, and the distribution system then set properly.
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4.2.29 (Continued)

Six revisicons were made to the procedure:

Ce

d.

Two revisions modified the setvp of the Model DSV-4B-136 destruct
system test set to allow the signal generator to warm up for 3 hours
before use, rather than 30 minutes as listed, and to note that when
adjusting the frequency setting, the setting must be approached from
the low frequency side. This was to provide the warmup time
required by the vendor manuel, and to add an omi%ted statement.

One revision added two breakpoints during the initial turn-on of the
range safety receivers, and mariually verified that furction

nusbers 1020 and 1021, the range safety svstem off command received
indications, were both off. This verified the proper operatioan of
the range safety system controller safing plug.

One revision corrected the dsta table for the manuel RF bandwidth
checks to add the omitted "less than" and “greater than" symbols to
the bandedge weasurement designatioms.

One revision delezed the use of the TAC-50 attenuator calibration
curve during the test cable attenuation measurement operation at
STC, 2s the change in attenuation was measured and recorded directly
by the procedure, and the calibration curve was not required.

One revision u2lieted the Model DSV-43-298 monockrome system status
display, P/N 1B37968-1, from the End Item Requirements list, as the
umit was undergoing design review, and was not operable for this
checkout.

4.2.29.1 Test Data Table, Range Safety Receiver Checks
AGC Calibration and Drift Checks (Z = percent of full scale)

Test Set Receiver 1 Receiver 2

Output Input AGC 1 (Z) Input AGC 2 (%)

(dbm) (dbm) Run 1 Run 2 Drift __ (dbm) Run 1 Run 2 Drift

-96.4 -127.0 8.81 8.81 0.00 -127.8 13.42 13.83 0.41
~-89.4 ~120.0 9.12 9.02 0.10 -120.8 14.04 13.83 0.21
-84.4 -115.0 9.43 9.43 0.00 -115.3 14,96 14.77 0.20
-79.4 -110.0 10.96 10.96 0.00 -110.8 17.2 17.52 0.29
~74.4 -105.0 5.27 15.18 0.10 -105.8 23.7% 24,20 0.41
-69.4 -100.0 25,12 24,80 9.31 -100.8 39.38 3%.38 0.00
-64.4 - 95.0 44.2C0 44.10 0.10 - 95.8 61.43 61.74 0.31
-59.4 - 90.0 66.54 66.54 0.00 - 90.8 72.19 72.19 0.00
-54.4 - 85.0 /1.78 71.78 0.00 - 85.8 73.83 73.83 0.00
-49.4 - 80.0 72.91  72.91 0.00 - 80.8 74 .45 74,55 0.10
-484.4 - 75.0 73.42 73.13  0.29 - 75.8 74.77 74,77 0.00
-39.4 - 70.0 73.54 73.54 0.00 - 70.8 76.86 74.96 0.10
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%.2.29.1 (Continued)

-3 db RF Bandwidth Check

Function

Reference Voltage (AGC) (vdc)
Refererce RF Power Level (dbm)
Upper Bandedge Frequency (MHz)
Lower Bandedge Frequency (MHz)
-3 db Bandwidth (kHz)
Bandwidth Centering (MHz)

=60 db_RF Bsndwidth Check

Function

Reference Voltage (AGC) (vdc)

Reference RF Power Level (dbm)
Upper Bandedge Frequency (MHz}
Lower Bandedge Frequency (MH%)
-50 db Bandwidth (MHz)

Deviation Sensitivity Check

Range Safety Command

Arm and Engine Cutoff
Propellant Dispersion
Range Safety System Off

KF Sensitivity Check

Range Safety Comma ..

Arm and Engine Cutoff
Propellant Dispersion
Range Safety System Off

*Limits Not Specified

Receivpr 1

1.96
-66.0
450.167
449.851
316.0
450.009

Receiver 1

1.96
-66.0
450.530
449,549

0.981

Receiver 2

2.00
-~70.0
450.148
449,833
315.0
449,921

Receiver 2

2.00
-70.0
450.547
449,539

1.008

Minimum Deviation (kHz)

Receiver 1

15.0
15.0
15.0

Receiver 2

12.5
10.0
12.5

Minimum Input Level (dbm)

Receiver 1

-105.0
-105.0
-105.0
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Receiver 2

-105.8
-105.8
-105.8
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4,2.30 Rapge Safety System (1B66568 D) j)

The automatic checkout of the range safety system verified the system external/
internal power transfer capability; and the capability of the system to respond
to the propellant dispersion inhibit and trigger commands, the engine cutoff

command, and the system off command. The items involved in this test included

the following:

Part Ref. Location P/N S/N
Range Safety Receiver 1 411A97A14 SOM10697 182
Range Safety Receiver 2 411A97A18 50M10697 189
Secure Command Decoder 1 411A99A1 50M10698 181
Secure Command Decoder 2 411A99A2 50M10698 39
Secure Command Controller 1 411A97A13 1B33084-503 19
Secure Command Controller 2 411A97A19 1B33084-503 20
RS System 1 EBW Firing Unit 411A99A12 40M39515-119 555
RS System 2 EBW Firing Unit 411A99A20 40M39515-119 554
RS System 1 EBW Pulse Sensor 411A99A31*  40M02852 382
RS System 2 EBW Pulse Sensor 411A99A32*  40M02852 164
Safe and Arm Device 411A99A22*  1A02446-503 -
Directional Power Divider 411A97A56 1B38999-1 36
Hybrid Power Divider 411A97A34 1A74778-501 42
*Installed in Pulse Sensor :)
Assembly 411A99A31/ 1B29054-501 8
A32

This precedure was satisfactorily accomplished by the first attempt on

13 March 1968, and was accepted on 19 March 1968. Values measured during the
test are shown in Test Data Table 4.2.30.1. 1Initial conditions were established
for the test by the stage power setup, H&CO 1B66560, and the GSE Model
DSV-4B-136 destruct system test set, P/N 1A59952-1, was set up for closed loop
operation at 450 MHz with a -50 dbm output level and a 60 kHz deviation. The
forward bus 1 and bus 2 battery simulators were turned on, both receivers were

verified to be off, and the battery simulator voltages were measured.

o/
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4.2.30 (Contirued)

The external/internal power transfer test was then started. Both EBW firing
units were verified to ve off, and external power was turned or for beth
receivers and both firing units. The firing unit charging voltage indications
and the firing unit indications were measured for both range safety systems.
The propwllant dispersion cutoff command inhibit was then turned on for both
recelverz. both firing units were transferred to interral power, and the
exterrnal nawer for the units was turned off. Both units were verified to be
on, and the charging voltage indications were measured. Both firing units
were transferred back to external power and verified to be off, and the firing
unit chicging voltage indications were again measured. The external power for
both reccivers was turned off, and the receivers were verified to be off. The
receivers were transferred to intern=1 power and verified to be on, then trane-
ferred back to external power and verified to be off. Finally, both receivers

were transferred tack to internal power and again verified to be on.

The EBW firiug unit arm and engine cutoft test was conducted next. The engine
control bus power was turned on, the bus voltage was measured, and the low
level signal streongth indications were measured for both receivers, The EBW
firing unit arm and engine cutoff command was turned on and verified tc be
received by range saf:ty system 1. The system 1 firing unit charging voltage
indication was measured. Verification was made that the engine cutoff indi-
cations were off at the umbilical and through the AO and BO telemetry
multiplexers; that the non-programmed engine cutoff indication was off; and
that the instrument unit receiver 1 arm and engine cutoff indication was off.
The receiver 1 propellant dispersion cutoff command inhibit was then turned
off, and the instrument unit receiver 2 arm and engine cutoff indication was
verified to be off. Ve ification was made that the engine control bus power
was then off 2nd the bus voltage was measured. Verification was made that the
engine cutorf indications were still off at the umbilical and through both
multiplexers; thliat the non-programmed engine cutoff indication was still off;
and that the instrument unit receiver 1 arm and engine cutoff indication was
then on. The receiver 1 propellant dispersion cutoff command inhibit was
turned back on, and the instrument unit receiver 1 arm and engine cutof®

-
indication was verified to again be off. The EBW firing uait arm and eng:
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4.2.30 (Continued)

cutoff command was turnied off. The engine control bus power was turned back
on and the bus voltage was measured. Both firing units were transferred to
external power and verified to be off, and the charging voltage indications

were measured.

The EBW firing unit arm and engine cutoff command was turned back on and
verified to be received by range safety system 2. The system 2 firing unit
charging voltage indication was measured. Verification was made that the
engine cutoff indications were off at the umbilical and through the AO and BO
telemetr” multiplexers; that the non-programmed engine cutoff indication was
off; and that the instrument unit receiver 2 arm and engine cutoff indication
was off. The receiver 2 propellant dispersion cutoff command inhibit was
turned off, and the instrument unit receiver 1 arm and engine cutoff indication
was verified to be off. Verification was made that the engine control bus
power was still on and the bus voltage was measured. Verification was made
that the engine cutoff indication was then on at the umbilical and through
both multiplexers; that the non-programmed engine cutoff indication was then
on; and that the instrument unit receiver 2 arm and engine cutoff indication
was on. The receiver 2 propellant dispersion cutoff command inhibit was
turned back on, and the instrument unit receiver 2 arm and engine cutoff
indication was verified to again be off. The EBW firing unit arm and engine
cutoff command was turned off. The engine ready bypass was turned on, and

the engine cutoff indication was verified to be off at the umbilical.

The EBW pulse sensor power and pulse sensor self test were turned on and both
range safety pulse sensors were verified to be set. The pulse sensor reset
was turned on, and both pulse sensors were verified to be reset. Each of the
range safety systems was individually tested by the following steps, starting
with.system 1. The propellant dispersion command was turned on and verified
to be received by the receiver under test. The appropriate firing unit
charging voltage indication was measured, and the appropriate pulse sensor was
verified to be off. The propellant dispersion command was turned off, the
propellant dispersion cutoff command inhibit for the receiver under test was

turned off, and the propellant dispersion command was turned back on. For
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$.2.30 (Continued)

the system under test, the firing unit charging voltage indication was measured,
and the pulse sensor was verified to be on. The firing unit charging voltage
indication was then verified to be 4.2 +0.3 vdc. The propellant dispersion
cutoff command inhibit was turned back on and the propellant dispersion command
was turned off. The above steps were then repeated to test system 2. After
the test.of system 2, the propellant dispersion cutoff command inhibit was
turned off for both receivers, and the engine control bus power was verified

to be off,

The range safety systam off test was conducted next. The range safety system
off command was turned on, and power for receiver 1 and the system 1 EBW
firing unit was verified to be off. The range safety system off command was
turned off. receiver 2 was transferred to internal power, the range safety
system off command was turned back on, and the power for receiver 2 and the
system 2 EBW firing unit was verified to be off. The range safety system off

command was then turned back off.

The safe and arm device was tested next. The safe-arm safe command wa2es turned
on, the safe indication was verified to be on, and the arm indication was
veritied to be off. The safe-arm arm command was turned on, the safe indica-
tion was verified to be off, and the arm indication was verified to be on., The
safe-arm safe command was turned back on, and again the safe indication was

verified to be on, and the arm indication was verified to be off.

This completed the range safety system tests, and the shutdown operations were
accomplished. The computer printout indicated that each of the two range
safety receivers and two secure decoders had accumulated 2 minutes 33.152
seconds of running time during the procedure, each of the range satety EBW
firing units had been cycled 1 time, and the switch selector had been used

1 time.
Engineering comments noted that there were no parts shortages affecting this

test. No significant problems were encountered during the test, and no FARR's

were written. Six revisions were made to the procedure:
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4.2.30 (Continued)

a. Two revisions affected the setup of the Model DSV-4B-136 destruct
system test set. A note was added to indicate that the signal
generator frequency setting was to be approached from the low fre-
quency side, to comply with the vendor instruction manual; and the
signal generator warmup time was to be 3 hours, rather than 30
minutes, as listed, to achieve maximum stability.

b. One revision added two breakpoints during the propellant dispersion
test, after the pulse sensors were verified to be on, and manually
verified that the EBW firing unit charging voltage indicationms,
function numbers 1037 for system 1 and 1040 for system 2, were
4.2 0.3 vdc. This verified that the firing units properly
recharged after they were fired by the propellant dispersion
command.

¢. One revision corrected the EBW firing unit arm and engine cutoff
test for range safety system 2, to agree with the test requirements.
Three "if" statement transfer conditions were changed to cause
malfunction printouts if the engine control bus voltage was not
28 +2.0 vdc, rather than not 0.0 +2.0 vde, and if the engine cutoff
signal indication was off at the A0 and BO multiplexer, rather than
if it was on.

d. One revision corrected a typeout statement to reference paragraph
4.1 for the test set setup, rather than paragraph 4.2.1, to specify
the correct paragraph.

e. One revision deleted the Model DSV-4B-298 monochrome system status
display, P/N 1B37968~1, from the End Item Requirements list, as the
unit was not in service during this test.

4.2.30.1 Test Data Table, Range Safety System
Measured

Function Value (vdc) Limits (vdc)
Forward Bus 1 Battery Simulator 27.999 28.0 +2.0
Forward Bus 2 Battery Simulator 28.079 28.0 +2.0
External/Internal Power Transfer Test
External Power On
System 1 Charging Voltage Indication $,274 4.2 +0.3
System 1 Firing Unit Indication 4,261 4.2 +0.3
System 2 Charging Voltage Indication 4,255 4.2 +0.3
System 2 Firing Unit Indication 4,240 4.2 +0.3
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Measured
Function Value (vdc) Limits (vdc)
Internal Power
System 1 Charging Voltage Indication 4.279 4.2 40.3
. System 2 Charging Voltage Indication 4.255 4.2 +0.3
External Power Off
System 1 Charging Voltage Indication 0.050 0.3 max
System 2 Charging Voltage Indication 0.050 0.3 max
Firing Unit Arm and Engine Cutoff Test
Engine Control Bus Voltage 27.691 28.0 +2.0
Receiver 1 Signal Strength Indication 3.636 3.75 +1.25
Receiver 2 Signal Strength Indication 3.728 3.75 +1.25
System 1 Arm and Engine Cutoff Test
Firing Unit Charging Voltage Indication 4.279 4.2 $0.3
Engine Control Bus Voltage, Bus Off -0.062 0.0 +2.0
. Engine Control Bus Voltage, Bus On 27.72 28.0 +2.0
?f External Power Off
>i? System 1 Charging Voltage Indication 0.050 0.3 max
E System 2 Charging Voltage Indication 0.050 0.3 max
; System 2 Arm and Engine Cutoff Test
B Firing Unit Charging Voltage Indication 4.260 4.2 +0.3
P Engine Control Bus Voltage 27.753 28.0 +2.0
it Propellant Dispersion Test
?f’ System 1 Propellant Dispersion Test
i Charging Voltage Indication (Pulse 4.279 4.2 40.3
. Sensor Off)
5 Charging Voltage Indication (Pulse 1.329 3.0 max
: Sensor On)
SE; System 2 Propellant Dispersion Test
;f Charging Voltage Indication (Pulse 4,270 4.2 0.3
A Sensor Off)
P 3 Charging Voltage Indication (Pulse 1.305 3.0 max
-
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4.2.31 Auxiliary Propulsion System Checkout (1B69403 NC)

After the installation of the auxiliary propulsion system (APS) modules onto
the stage, this manual procedure ensured that the modules operated properly.
and that there was no excessive leakage in the system. The ability of the
GSE propulsion control console to control the solenoid valves in the APS

modules was also verified. APS modules, P/N 1A83918-535, S/N's 508-1 and

508-2, were tested by this procedure.

Initiated on 13 March 1968, after the APS module installation was accomplished,
this procedure was completed on 27 May 1968 and was accepted on 4 June 1968.
The procedure was active on 5 days during this period. After the completion
of this procedure, the APS modules were removed from the stage for separate

shipment to STC.

The test first verified the proper operation of the solenoid valves in the
APS modules, and determined that the GSE Model DSV-4B-234 propulsion control
console, P/N 1A65728-1, could control the valves for test operations. The
console control switches were used to open and cluse the ullage vent, the
emergency ullage vent, the recirculation valve, and the transfer valve, for
the fuel and oxidizer propellant systems in each APS module. Proper
operation of the valves was verified by gas flow when the ullage vents and
recirculation valves were opened, and by audibly verifying valve solenoid
actuation or deactuation for the other checks. The console indicator lights

were also verified to operate properly.

In each APS module, the propellant and ullage systems were then pressurized
with nitrogen gas to establish blanket pressures of 23 43 psig for the fuel
and oxidizer propellant systems, and 35 +5 psig for the ullage system. These
blanket pressures were maintained throughout the test operations, except

when other pressures were required during specific tests.

For a check of the fuel and ozidizer propellant control modules in each APS

module, nitrogen gas at 23 43 psig pressure was applied at the transfer port
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4.2.31 (Continued)

of each control module. With the module transfer valve and recirculation
valve both open, it was verified that gas flowed through the propellant
system and out of the recirculation vent port. It was “hen verified that
closing the recirculation valve stopped the gas flow through the recirculation
lines, and that closing the transfer valve stopped the gas flow into the
propellant system. After these checks were completed, the fuel and oxidizer

propellant systems were repressurized to the 23 +3 psig blanket pressures.

A check of the helium low pressure modules and the ullage system of each APS
module was accomplished next. The ullage systems were vented to ambient
pressure, and then pressurized to between 50 ard 75 psig with helium. The
ullage vents and emergency ullage vents in the fuel and oxidizer helium low
pressure modules were opened and closed while it was verified that helium
flowed from the ullage vent ports only when a vent was open. The helium
bottles were then pressurized to 1750 +50 psig for an integrity check, while
the helium regulator outlet pressures were monitored to verify that the
regulator properly limited the ullage helium pressure. After 3 minutes at
the integrity pressure, the helium bottles were ventad to 1500 +100 psig, and
the stage part of the helium supply line was leak-checked from the aft
umbilical to the helium fill connection of each APS module. At the completion
of this check the ullage systems were vented to ambient pressure, and the

ullage blanket pressures were re-established as before, using nitrogen gas.

The APS modules were then prepared for use in the APS automatic checkout pro-
cedure, H&CO 1B69571 (paragraph 4.2.32), and the all-systems test procedire,
H&CO 1B66571 (paragraph 4.2.36). The test setups were made and -erified, and
the required gas pressures were supplied from the w3E. For the all-systems
test, the APS engine throat plugs were installed prior to the test, and wer:
removed after the test. After these tests were completed, the module desic-

cants were replaced, and the blanket pressures were re-established as before.
Low pressure decay checks were then conducted on the fuel and oxidizer

propellant systems of each APS module. The systems were vented to ambient

pressure and repressurized to 23 +3 psig with helium. The pressure loss over
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4.2.31 (Continued)

a l-hour period was then teasured, as shown in Test Data Table 4.2.31.1. At
the end of this check, the fuel and oxidizer systems were vented to ambiont,

and the blanket pressures were re-established.

The APS modules were then prepared for removal from the stage. After all
electrical connections had been removed from the modules, a final diode
integrity check was accomplished. In this check a Hewlett Packard 410B VIVM
was used to measure the resistance between the connector pins cf each APS

module, as shown in the Test Data Table.

Engineering comments noted that the 70=pound thrust ullage engine, P/N
15-210001, was not installed in either APS wodule during this test. The
attitude control relay modules, 404A71A19, P/N 1B57731-1, §/N 361, and
404A51A4, P/N 50M35076-1, S/N 335, were both interim use parts (reference
FARR 500-238-101, paragraph 4.2.32). One leak was noted during this test,
at a test setup connectinon in the fuel supply line ian APS module, S/N 508-1,
A Voi-Shan seal was installed, correcting the leak. No other probiems were

encountered during the test, and no FARR's were written.
Twenty-one revisions were made to the procedure:

a. One revision modified the initial GSE equipment setup, and added
the checkouts that verified the ability of the Model DSV-4B-234
propulsion control console to control the APS solenoid valves.
The Model 234 console could be manually checked out only with the
APS modules installed on the stage.

. One revision deleted unnecessary parts of the procedure, and
changed other parts, to agree with ctanges in the APS bladder
servicing instructions, 1B67661.

c. One revision added a requirement to monitor the helium regulator
outlet pressure, measurement D37 for APS module 1 or measurement
D38 for APS module 2, while the helium bottles were being pressur-
ized to the integrity pressure, to verify that the regulator lockup
pressure was maintained. This was a precaution to permit
corrective action if the regulator allowed higi. pressure down
stream.

d. Five revisions made numerous minor changes, modifications, and
additions, to refine the procedure for the first use.
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e. Two revisions changed the preparations for the all systems test. An
instruction was added to install the throat pluges from the Model 770
kit into the engines of APS modules 1 and 2, to provide the proper
setup. A note was also added to remove the throat plugs ani reinstall
the desiccant covers if the all systems test was to be inactive for a
period of 72 hours or longer, and to reinstall the throat plugs before
restarting the test. This was to ensure the minimum exposure of the
APS engines *to possible corrosion and contamination.

£y

f. Six revisions modified the low pressure decay -:hecks. Three steps
were deleted, as they were not required; the GSE helium supply
pressurz was regulated at 200 +5 psig, rather than the specified

50 +5 psig, as 50 psig was not enough to operate the 60 psig porta’le
test gauge; and the pressure loss was measured over a 1 hour period,
rather than the specified 8 hour period, as report 4B-6310, APS
System Leak Check Pressure Decay - SV, gave an overall leakage rate
of 15 psig in 1 hour. The more stcingent leakage limit of 5 psig in
1 hour was used in this test.

Five revisions modified the diode integrity checks. The secup
instructions were changed to include wire harness identification,
414W1 in APS module 1 and 415W1 in APS module 2; and the required
resistance of two measurements in each module were changed to be
17 +7 ohms, rather than 12 +6,~2 ohms, because the ullage engine
was not installed in either module.

cotane SRR L VRS R R
o

4.2,31.1 Test Data Tavble, Auxiliary Propulsion System Checkout

Low Pressure Decay Check

Press v o -8, (psig) Pressure Loss (psi)

Functien Start _&nd Meas. Limit

APS 1 Fuel System 24,1 22.9 1.2 5.0

APS 1 Oxidizer System 25.¢6 25.6 G.0 5.0

APS 2 Fuel System 25.4 25.3 0.1 5.0

APS 2 Oxidizer System 24,4 24.4 0.0 5.0

Diode Integrity Check, APS 1, Wire Harness 414W1

Connector aud Pin _ Resistance (ohms)

From (-) To (+) Measured Limits
P6-c P6-L 4.6 4.5 +2.0
P6-d P6-L 4.5 4.5 +2.0
P6-e P6-L 4.8 4.5 2.0
P6-£ P6-L k.4 4.5 ¥2.0
P6-b P6-M 3.8 4.5 +2.0
P6-a P6-L 4.1 4.5 +2.0
P6~T P6-J 4,2 4.5 +2.0
P6~U P6-J 3.8 4.5 2.0
P6~P P7-H 20.0 17.0 47.0
P6~N P6-K 22.0 17.0 +7.0
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4.2.31.1 (Coatinued)

Diode Integrity Check, APS 2, Wire Harness 415W1

Connector and Pin Resista..ce (ohms)

From (-) To (+) Measured Limits
P6-c P6-L 4.7 4.5 +2.0
P6—d P6-L 4.7 4.5 +2.0
P6-e P6-L 4.7 4.5 2.0
P6-f P6-L 4.7 4.5 ¥2.0
P6-b P6-M 3.9 4.5 +2.0
Pé-a P6-L 4.2 4.5 ¥2.0
P6-T P6-J 4.6 4.5 2.0
P6-U P6-J 4.0 4.5 ¥2.0
P6-P P7-H 20.0 17.0 +7.0
P6-N P6-K 20.0 17.0 +7.0

4.2.32 Auxiliarv Propulsion System Mcdule (1B69571 NC)

This automatic procedure verified that the telemetry outputs from each auxiliary
propulsioa system (APS) module were correct, and that the fuel and oxidizer
solenoid valves for eack engine in the module were operating properly.
Oscillograph records were made of the current and voltage of eact >f the four
ser:es-parallel fuel valves and four series-parallel ociidizer vaives for each
engine. From these records the valve opening current: signature and valve
clcsing voltage signature were determined fcor each valve for comparison with
previous post-aanufacturing data. A stage wiring verification check was also
accomplished. The items irvolved in this test were the APS modules, P/N
1A83918-535, S/M's 50&-1 and 508-2.

Initiated on 15 March 1968, the procedure was complated by the fourth actempt
on 8 April 1968, after 6 days of activity, and was accepted on 10 May 1968.
The first three attempts were aot acceptable because of problems with the
valve signature oscillograph records, and with the instailaticm of the engine
throat piugs. The vaive signature problems were traced to defective coatrol
relay modules. As noted by FARR 500-238-101, the relay modules were temporarily
accepted as interim use parts cnly, and continued in use for subsequent
testing. Thre engine throat plug installation was satisfactorily accomplished
after the throat plug fixtures became available. This narration and Test
Data Table 4.2.32.1 ccver the acceptable fourth attempt. The valve signature
data resulting from the oscillograph records is also presented in the Iest
Data Table.
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4.2.32 (Continued)

The stage power setup, H&CC 1B66550, was accomplished to establish initial
conditions for the test. The APS checkout procedure, H&CO 1B69403 (paragraph
4.2.31), prepared the APS modules for the test, and supplied the 195 +10 psig
pressure for the module fuel and oxidizer propellant systems. Verification
was made that the engine covers and desiccants were removed, and that the
engine throat plugs were not installed. Each APS module was tested separately,

stavting with APS module 1.

The instrument unit (IU) substitute -28 vdc power was turned on and measured,
and the APS bus power was turned on. An APS function scan then measured the
attitude control helium pressure, the helium regulator outlet pressure, the
helium bottle gas temperature, the attitude control oxidizer and fuel tempera-
tures, and the fuel and oxidizer ullage volume pressures and supply manifold

pressures.

Each of the three attitude control engines in the APS module was tiucn
individually tested to verify the operation of the fuel and oxidizer valves.
The four series-parallel fuel valves and four series-parallel oxidizer valves
for each engine were tested under two test conditions. For the first test
condition, the two upstream fuel valves and the two upstream oxidizer valves
were loaded with the differential pressure between the pressurized fuel and
oxidizer supply manifolds and the ambient pressure engine chamber. This

test condition was set up manually, by using the GSE APS checkout test
assembly to momentarily openm only the downstream fuel and oxidizer valves.
For th2 second test condition, the two downstream fuel valves and two down-
stream oxidizer valves were loaded with the differential pressure by similarly
opening onl; the upstream valves. After each test condition was set, an
automatic engine valve test was conducted twice, with all eight valves
simultaneously opened and closed by the attitude control nozzle commands

for the engine under test.
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During each automatic test, oscillograph records were made of the current and
voltage for each of the eight valves; measurements were made of the aft bus

1 voltage and the engine valve open indication voltage for the closed and
nnen positions; and the valve open indication, the attitude control chamber
pressure, and the fuel and oxidizer manifold pressures, were monitored during
the valve movement to verify that they remained acceptable. The oscillograph
records from the first automatic test for each test condition were later
evaluated to determine the individual valve opening current signature and
closing voltage signature. The second automatic test for each test condition
supplied engineering information,but could not be used to determine valve

signatures as the required differential pressure load was no longer applied.

After all three attitude control engines in the APS module were tested, the

APS bus power was turned off, and the manual set up was acccmplished to pre-
pare for the stage wiring configuration check. The pressure in the module fuel
and oxidizer propellant systems was reduced to 23 +3 psig, the stage wiring was
returned to the flight configuration, the upstream valves of all three engines
were loaded with the differential pressure, and throat plugs were installed

in all three attitude control engines. The APS bus pcwer was turned back on,
and the fuel and oxidizer supply wmanifold pressures were measured. Each of

the attitude control engines in the mcdule was then checked by repeating the
automatic engine valve test. After these checks were completed, the APS bus
power and the IU substitute -28 vdc power were turned off. The APS module was
then secured from the test by H&CO 1B69403. After the test of APS module 1

was ccmpleted, the same tests were conducted on APS module 2.

Engineering comments noted that the 70 pound tnrust ullage engines, P/N
15-210001, were not installed in either APS module during this test. The APS
throat plug fixtures, P/N 1B62371, were not instalied at the start of the test,
but were installed and accepted prior to the completion of the test. It was
also noted that a contrcl relay module, P/N 50M35076-1, S/N 335, was installed
at reference location 404A51A4, as an interim use part in place of a control
relay module, P/N 1B57731-1. As noted below by FARR 500-238-101, the other
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4,2.32 (Continued)

contrel relay module, P/N 1B57731-1, S/MN 361, at reference location 40%A71A19,

was also considered as interim use part. Both control relay modules we.. to be

replaced before stage flight use. No particular problems were encountered

during the acceptable fourth attempt. Two FARR's were written during this

procedure:

a.

FARR 500-238-097 noted that the shroud mounting flange, P/N
1B33669-1, was debonded from the engine thrust nozzle exit on
engine 1, P/N 1A39597-509, S/N 810. The defect was reworked to an
acceptable condition per Engineering instructions.

FARR 500-238-101 noted that the waveform analysis showed that the APS
module valve closing time was 13 milliseconds, exceeding the 11
milliseconds maximum limit. It was found that the control relay
modules, P/N 1B57731-1, S/N 361, and P/N 50M35076-1, S/N 335, were
defective. Both relay modules were accepted as interim use parts
only, and were to be replaced later.

Five revisions were made to the procedure:

a.

Two revisions deleted all parts of the procedure involving the
70 pound thrust ullage engines, a2s the ullage engines were not
installed in either APS module, and were not tested.

Cne revision deleted the requirement to vent the fuel and oxidizer
propellant systems during the manual set up for the stage wiring
verification, as reducing the GSE prassure regulator setting to

23 +3 psig adjusted the pressure without venting.

One revision corrected the wording of two statements to indicate that
they were used to secure from the automatic test, nut to secure the
APS modules.

One revision deleted the Model DSV-4B-298 monochrome system status
display, PB,/N 1B37968-1, from the End Item Equipment list, as the unit
was not operational.
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4.2.32.1 Test Data Table, Auxiliary Propulsion System Module

APS Module 1

Function
IU Sub -28 vdc Power (vdc)

APS 1 Scan

Helium Bottle Press (D35) (psia)
He Reg Outlet Press (D37)(psia)
He Bottle Gas Temp (C23) (°F)
Oxid Temperature (C132)(°F)
Fuel Temperature (C136) (°F)
Fuel Ullage Press (D97) (psia)
Oxid Ullage Press (D98) (psia)
Fuel Manifold Press (D70) (psia)
Oxid Manifold Press (D71) (psia)

Wiring Verification
Fuel Manifold Press (D70) (psia)
Oxid Manifold Press (D71) (psia)

APS 1 Valve Movement

Function

Engine 1-1
Aft Bus 1 Voltage (vdc)
Valve Open Ind (Closed) (vdc)
Valve Open Ind (Open) (vdc)

Engine 1-2
Aft Bus 1 Voltage (vdc)
Valve Open Ind (Closed) (vdc)
Valve Open Ind (Open) (vdc)

Engine 1-3
Aft Bus 1 Voltage (vdc)
Valve Open Ind (Closed) (vdc)
Valve Open Ind (Open) (vdc)

*Limjts Not Specified

Meas. AO Mult, RO Mult. Limits
~-29.48 -28.5 +2.5
57.3 53.5 100.0 max
51.1 50.6 50.0 +15.0
69.5 *
68.3 68.2 *
67.1 66.7 *
48.4 50.0 +15.0
48.0 50.0 +15.0
203.4 210.0 +15.0
202.9 210.0 +15.0
37.97 38.0 +15.0
35.79 38.0 +15.0

Test Condition 1

Test 1

27.958
0.000
3.933

27.999
-0.005
3.855

28.039
-0.005
3.887

190

Test Condition 2 Wiring

Test 2 Test 1 Test 2 Verif
28.239 28.199 27.879 27.999
-0.005 -0.005 -0.010 ~0.005
3.933 3.933 3.923 4.102
27.958 28.039 28.199 28.079
-0.005 -0.005 -0.005 -0.005
3.851 3.846 3.846 4.056
27.958 27.958 27.958 28.079
-0.005 -0.005 -0.005 -0.005
3.871 3.871 3.876 4.071
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4.2.32.1 (Continued)

APS Module 2

Function
IU Sub -28 vdc Power (vdc)

APS 2 Scan

Helium Bottle Press (D36)(psia)
He Reg Outlet Press (D38)(psia)
He Bottle Gas Temp (C187)(°F)
Oxid Temperature (C22)(°F)

Fuel Temperature (C21)(°F)
Fuel Ullage Press (D100) (psia)
Oxid Ullage Press (D99) (psia)
Fuel Manifold Press (D72)(psia)
Oxid Manifold Press (D73)(psia)

Wiring Verification
Fuel Manifold Press (D72) (psia)
Oxid Manifold Press (D73)(psia)

APS 2 Valve Movement

Function

Engine 2-1
Aft Bus 1 Voltage (vdc)
Valve Open Ind (Closed) (vdc)
Valve Open Ind (Open)(vdc)

Engine 2-2
Aft Bus 1 Voltage (vdc)
Valve Open Ind (Closed) (vdc)
Valve Open Ind (Open) (vdc)

Engine 2-3
Aft Bus 1 Voltage (vdc)
Valve Open Ind (Closed) (vdc)
Valve Open Ind (Open) (vdc)

*Limits Not Specified

Meas. AO Mult. BO Mult. Limits
-29.84 -28.5 +2.5
49.6 49.6 100.0 max
49.3 49.8 50.0 +15.0
69.5 *
67.8 67.6 *
68.6 68.4 *
50.6 50.0 +15.0
48.0 50.0 +15.0
202.9 210.0 +15.0
206.4 210.0 $15.0
38.0 38.0 +#15.0
40.6 38.0 +15.0
Test Conditionr 1 Test Condition 2 Wiring
Test 1 Test 2 Test 1 Test 2 Verif
28.158 27.958 28.118 28.239 27.958
-0.005 0.005 0.000 -0.005 0.000
3.748 3.738 3.759 3.753 3.943
28.118 28.118 28.079 28.118 28.158
-0.005 -0.005 -0.005 -0.010 -0.005
3.738 3.748 3.759 3.748 3.912
27.958 28.239 27.958 28.158 28.039
-0.005 -0.005 -0.005 -0.005 0.000
3.702 3.707 3.687 3.691 3.846
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4.2.32.1

(Continued)

Valve Current and Voltage Signatures

Legend:

Condition 1 - Upstream Valves L1, L2, L5, and L6 loaded
Condition 2 - Downstream Valves L3, L4, L7, and L8 loaded

Cpening Current Signature

A - Valve to valve opening variation of a parallel set, L1-L2, L3-L4,
L5-L6, or L7-L8 (5 msec max)

Opening poppet travel time (1 to 4 msec)

Opening time, unloaded (25 msec max)

- Opening time, loaded (25 msec max)

- Steady state current (1.3 amp max)

- Pull-in current (80% of E, max)

N/A - Measurement not applicable

oMo O w

Closing Voltage Signature

M - Closing time (11 msec max)

P - Negative voltage to svppression (-60 +10 vdc)

R - First valve to last valve closing variation, four valves,
L1-L2-L3-L4 or L5-L6-L7-L6 (3 msec max)

APS 1 Engine 1-1 Valve Signatures

Function

L1l L2 L3 L4 L5 L6 L7 L8

Condition 1

(msec)
(msec)
(msec)
(msec)
(amp)
(amp)
(msec)
(vdc)

(msec)

WY XM Mmoo 0w >

( 1.25 )« 0.00 )« 0.75 ) I 1.25 )
2.25 2.25 2.0 1.75 2.5 1.75 2.5 2,0
N/A N/A 10.0 10.0 N/A N/A 11.0 1.0

20.0 21.0 N/A N/A  20.0 21.0 N/A N/A
1.1 1.0 1.25 1.075 1.0 1.0 0.98 0.925
0.775 0.73 0.35 0.35 0.725 0.745 0.40 0.34
7.5 7.5 9.5 7.5 6.5 6.5 7.5 7.5

60.0 60.0 61.0 57.5 65.0 67.5 62.5 66.0

( 2.0 ) «( 1.0 )

Condition 2

(msec)
(msec)
(msec)
(msec)
(amp)
(amp)

MmO 0O @ >

( 1.00 ) «( 0.25 ) «( 0.00 ) «( 0.25 )
2.0 2.0 1.25 1.50 2.0 2.0 1.5 1.5
8.5 10.0 N/A N/A 12.5 13.0 N/A N/A
N/A N/A 19.0 18.0 N/A N/A 19.90 18.0
1.1 1.0 1.0 1.05 1.0 0.98 1.01 1.0
0.40 0.40 0.70 0.70 0.37 0.37 0.77 0.70
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4.2.32.1 (Continued)

Function L1l L2 L3 L4 L5 L6 L7 L8
M (msec) 8.0 8.0 8.5 7.5 7.0 6.0 7.0 7.0
P (vdc) 58.0 58.0 62.0 58.5 65.0 67.5 65.0 67.5
R (msec) ( 1.0 ) ( 1.0 )
Wiring Verification
M (msec) 8.5 7.5 7.5 8.0 6.5 6.5 7.5 7.0
P (vdc) 57.0 57.0 64.0 57.0 65.0 67.0 64.C 67.0
R (msec) ( 1.0 ) «( 1.0 )
APS 1 Engine 1-2 Valve Signatures
Function L1l L2 L3 L4 L5 L6 L7 L8
Condition 1
A (msec) ( 0.5 ) ( 1.0 ) ( 1.0 ) ( 1.0 )
B {z=sec) 2.0 2.75 2.0 2.0 2.0 2.5 2.0 2.5
C (msec) N/A N/A 8.5 10.0 N/A N/A 9.0 10.0
D (msec) 18.5 18.5 N/A N/A 20.0 19.5 N/A N/A
E (amp) 1.15 1.05 1.02 1.10 1.01 1.02 1.05 1.01
F (amp) 0.77 0.80 0.34 0.38 0.71 0.70 0.38 0.36
M (msec) 7.5 7.0 6.5 7.0 7.5 7.5 7.0 10.0
P (vde) 57.0 65.0 55.0 57.0 60.0 67.0 60.0 57.0
R (msec) ( 1.0 ) ( 3.0 )
Condition 2
A (msec) ( 0.0 ) ( 0.5 ) «( 0.5 ) 0.5 )
B (msec) 2.0 1.5 1.0 1.5 2.0 2.C 2.5 2.0
C (msec) 9.0 8.5 N/A N/A 9.5 9.0 N/A N/A
D (msec) N/A N/A 18.0 18.0 N/A N/A 20.0 20.0
E (amp) 1.12 1.02 1.00 1.08 1.0 1.01 1.01 1.01
F (amp) 0.38 0.35 0.64 0.71 0.35 0.35 0.71 0.71
M (msec) 7.5 7.0 6.5 8.0 8.0 7.5 7.5 10.0
P (vdc) 57.0 67.0 54.0 56.0 60.0 67.0 60.0 60.0
R (msec) ( 1.5 ) «( 2.5 )
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4,2.32.1 (Continued) j)

Function L1 L2 L3 1.4 L5 L6 L7 L8 N
Wiring Verification

M (msec) 8.0 7.0 7.0 7.0 8.0 8.0 8.0 11.0

P (vde) 58.0 67.0 55.0 57.0 61.0 67.0 60.0 60.0

R (msec) ( 1.0 )y «( 3.0 )

APS 1 Engine 1-3 Valve Signatures

Function L1 L2 L3 L& L5 __Lé6 L7 L8
Condition 1

A (msec) ( 1.0 ) «( 0.0 )y ( 0.5 ) ( 1.5 )

B (msec) 2.0 2.0 2.5 2.5 2.0 3.0 2.5 2.5

C (msec) N/A N/A 10.0 9.5 N/A N/A 9.5 11.0

D (msec) 21.0 20.0 N/A N/A 19.0 20.0 N/A N/A

E (amp) 1.1C 1.01 0.95 1.01 0.98 0.98 1.0 0.99

F (amp) 0.825 0.700 0.370 0.350 0.700 0.680 0.350 0.400

M (msec) 8.0 7.5 6.0 7.5 7.0 7.0 7.5 7.0

P (vdc) 60.0 58.0 64.0 57.0 60.0 60.0 52.0 65.0 :)

R (msec) ( 2.0 ) ( 0.5 )
Condition 2

A (msec) ( 1.0 ) ( 0.50 ) ( 0.5 ) ( 0.0 )

B (msec) 2.0 2.5 2.0 2.5 2.0 2.0 2.5 1.5

C (msec) 8.0 9.5 N/A N/A 9.0 9.0 N/A N/A

D (msec) N/A N/A 20.0 20.0 N/A N/A 20.0 20.0

E (amp) 1.1 1.01 0.98 1.05 0.99 0.99 1.00 1.00

F (amp) 0.38 0.36 0.72 .71 0.35 0.35 0.72 0.75

M (msec) 7.0 7.5 7.5 8.0 7.0 7.0 8.0 8.0

P (vdc) 62.0 60.0 62.0 57.0 60.0 58.0 62.0 64.0

R (msec) ( 1.0 ) ( 1.0 )
Wiring Verification

M (msec) 7.5 8.0 6.5 8.0 7.5 7.0 8.0 8.0

P (vde) 60.0 60.0 64.0 57.0 62.0 60.0 62.0 64.0

R (msec) ( 1.5 ) ( 1.0 )
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4.2.32.1

(Continued)

APS 2 Engine 2-1 Valve Signatures

Function L1 L2 L3 L4 L5 L6 L7 L8
Condition 1
A (msec) ( 0.5 ) ( 1.0 ) «( 0.2 )« 1.5 )
B (msec) 1.5 2.5 3.0 2.0 2.0 2.0 2.5 2.0
C (msec) N/A N/A 11.0 10.0 N/A N/A 11.5 10.0
D (msec) 20.0 19.5 N/A N/A 19.5 19.0 N/A N/A
E (amp) 1.1 1.0 0.97 1.03 J 0.96 1.0 1.01
F (awp) 0.78 0.70 0.30 0.39 0.70 0.67 0.41 0.38
M (msec) 9.0 8.75 8.75 8.3 7.75 8.5 8.6 8.2
P (vdc) 63.0 62.0 57.0 54.0 59.0 57.0 62.0 €£7.0
R (msec) ( 0.7 ) ( 0.85 )
Conditicn 2
A (msec) ( 2.0 ) ( 1.0 Y ( 2.5 ) ( 0.5 )
B (msec) 2.0 2.0 2.0 2.5 2.5 2.0 1.5 2.0
C (msec) 11.0 9.0 N/A N/A 10.5 9.0 N/A N/A
D (msec) N/A N/A 19.0 18.0 N/A N/A 20.5 20.0
E (amp) 1.1 1,02 0.93 1.04 1.0 0.98 1.02 1.02
F (amp) 0.45 0.41 0.71 0.70 0.40 0.32 0.77 0.70
M (msec) 9.5 9.8 9.0 8.75 7.5 7.0 7.9 8.3
P (vdc) 65.0 60.0 53.0 51.0 59.0 57.0 62.0 70.0
R (msec) ( 1.65 ) (C 1.3 )
Wiring Verification
M (msec) 11.0 9.8 8.8 9.1 7.1 8.5 8.3 7.8
P (vde) 62.5 60.0 57.0 54.0 60.0 56.0 61.0 65.0
R (msec) ( 2,2 YR ¢ 1.4 )
APS 2 Engine 2-2 Valve Signatures
Function Ll 1.2 L3 L4 L5 L6 L7 L8
Condition 1
A (msec) ( 0.8 ) 0.8 )« 1.0 ) «( 1.1 )
B (msec) 1.9 2.4 2.8 2.7 2.0 1.9 2.3 2.5
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4.2.23,1 (Continued)
Function Ll L2 L3 L4 L5 L6 L7 L8
C (msec) N/A N/A 2.0 9.8 N/A N/A 16.1 9.0
D (msec) 18.0. 17.2 N/A N/A 18.1 19.1 N/A N/A
E (amp) 1.10 . 1.03 1.00 1.07 1.0 1.0 1.0 1.02
F (amp) 0.78 C.69 0.35 0.41 0.70 0.74 0.40 0.38
M (msec) 7.0 7.1 7.5 7.0 7.C 8.5 8.5 8.8
P (vde) 61.0 56.0 55.0 59.0 55.0 65.0 60.0 63.0
R (msec) ( ) ( 1.8 )
Condition 2
A (msec) ( l.v ) 0.6 ) ( 2.0 )« 0.4 )
B (msec) 2.4 2.3 2.0 1.6 2.0 2.4 2.0 2.0
C (msec) 9.5 8.5 N/A N/A 9.0 11.0 N/A N/A
D (msec) N/A N/A 18.0 18.6 N/# N/A 18.0 17.6
E (amp) 1.10 1.04 1.01 1.08 1.0 1.0 1.0 1.02
F (amp) 0.44 0.35 0.68 0.79 0.38 0.46 0.70 0.71
M (msec) 8.1 8.1 9.8 7.5 9.4 8.2 8.8
P (vde) 60.0 55.0 52.0 60.0 56.0 65.0 61.0 62.0
R (msec) ( ) ( 1.0 )
Wiring Verification
M (msec) 8.0 8.5 8.4 8.0 8.5 9.1 8.8 9.0
P (vdce) 60.0 55.0 52,5 57.0 55.0 65.0 60.0 62.5
R (msec) ( ) «( 0.6 )
APS 2 Engine 2-3 Valve Signatures
Function L1l L2 L3 L4 LS L6 L7 L8
Condition 1
A (msec) ( 0.5 ) 0.7 ) ( 0.9 ) ( 0.6 )
B (msec) 2.5 2.0 1.3 2.3 2.2 2.1 1.6 1.8
C (msec) N/A N/A 8.8 9.5 N/A N/A 9.6 9.0
D (msec) 19.5 19.0 N/A N/A 19.0 19.9 N/A N/A
E (amp) 1.10 1.0 1.0 1.04 1.08 0.99 1.0 1.03
F (amp) 0.78 0.70 0.36 0.40 0.67 0.70 0.4u 0.38
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' 4.2,32.1 (Continued)

i Function L1 L2 L3 L4 L5 L6 L7 L8

K M (msec) 8.5 9,8 9.5 8.4 8.2 7.8 $.6 8.1
P (vde) 65.0 55.0 52.5 55.0 60.0 67.0 60.0 67.0
R (mse.) ( 1.4 ) ( 1.8 )

Condition 2

A (msec) ( 0.6 ) «( 1.1 ) 0.0 ) 0.9 )
B (msec) 1.5 1.1 1.0 1.9 2.0 2.0 2.0 2.1
C (msec) 8.7 8.1 N/A N/A 9.0 9.0 N/A N/A
D (msec) N/A N/A 17.9 12.0 N/A N/A 20.0 19..
E (amp) 1.10 1.0 1.0 1.5 1.0 0.92 1.0 1.02
F (amp) 0.42 0.37 0.71 0.77 0.34 0.38 0.77 0.70
M (msec) 8.4 10.0 9.0 7.9 6.8 7.0 8.4 7.8
P (vdc) 66.0 54.0 52.5 56.0 61.0 66.0 6.0 67.0
R (msec) ( 2.1 ) ( 1.6 )
Wiring Verifization
M (msec) 9.0 9.1 8.8 8.0 7.8 7.1 8.5 8.1
P (vde) 65.0 55.0 53.0 55.0 60.0 66.0 60.0 67.0
R (msec) ( 1.0 ) ( 1.4 )
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4.2.33 Hydraulic System (1B66570 C) )

This automatic procedure veriffed the integ: ity of the stage hydraulic systea,
and demonstrated the capability of the system to provide engine centering

and coatrol during powered flignt. The test ianvolved all compomerts of the
stage hydraulic systes, including the hydraulic pump, P/N 1A66240-505,

S/N X457812; the zuxiliary hydraulic pump, P/N 1A66231-511, S/N X458912; the
accumulator/reservoir assembly, P/N 1B29319-519, S/N 26; the hydraulic pitch
actuator &01AlAlL, P/N 1A66248-507, S/N 77; and the hydraulic yaw actuator
&01A2A1, P/N 1A66248-507-C12, S/N €6.

Initiated on 15 March 1968, the procedure vas compizted by the second atteapt
on 12 March 1968, after Z days of activity, and was accepted on 20 March 19€8.
The first attempt -as not acceptable because the yaw actuator did nct center
at the required neutral position. It was found that the Model DSV-4B-i30
stimul. signal conditiomer, P/NX 1A5994F -1, vas providircg 2 0.5 volt signal
from the yvyaw fuaction generator wvhen the signal should have been zero volts.
A constant current amplifier prinmted circuit card vas replaced iz the yaw
function genmerator t9 correct ithe problem. Those fumcticz vaiues measured )
during the second attempt ar> presented in Test Data Table 4.2.33.1. All of
these values were acceptable and were within general design requirements,
although specific limit requirements were not defined in the procedure for

most of the measurements.

ihe stage power setup, H&00 1B66560, was accomplished to establish imitial
conditions for the test. The iastrument umit (Il!) substitute 5 volt power
supply wvas turned or 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 hydraul.c system unpressurized. Measurements were also made
to determine the accumulator/reservoir gaseous nitrogen mass and corrected oil
level. Special measurements were made of the auxiliary hydraulic pump motor

gas pressure and air tank pressure, measurements D209 and D223.

The methods of controlling the auxiliary hydraulic pump were checked next.

After verification that a power cable was connected to the auxiliary hydraulic

pump -otor, the aft bus 2 power supply was turned on and the bus voltage was

verified to be 56.0 +4.0 vdc. The coast mode operation was checked by applying )
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4.2.33 (Continued)

dry ice to the coast mode thermal switch and verifying that the low temperature
caused the thermal switch to tum the auxiliary pump on wvhen the auxiliary
hydraulic pump coast command was turned oa. The dry ice was resoved, and it
was verified that the increased temperature caused the theramal switch tc turm
the punp back off. The coast cosmand and the aft bus 2 power supply were
turned off, and the bus voltage was verified to be 0.0 +1.0 vdc. During the
remaining pump control checks, only the auxiliary hydraulic pump mctor or
indication was checked, as the pump did not run while the aft bus 2 power

wvas off. The flight mode operation was checked by verifyiag that tuvrning the
auxiliary hydraulic pump flight command ot and off properly turned the
auxiliary pusp cn and off. The manual aode operation was checked by verifying
that the auxiliary pump could kz properly turned on and off at the GSE
mechanical systems panel when the GSE was in the manual mode.

The engine centering tests wvere then conducted. The first test was conducted
vith the actuator position locks on and with the hydraulic system unpressurized.
The actuator positions, the voltage cf the IU substitute 5 volt power supply
and the aft 5 volt excitation aodule and the actuator position signals were
measured, avd the corrected actuator positions were determined. The pitch and
yaw actuatcr locks were then removed, and the aft bus 2 power was turned on

and the voltage was measured. The auxiliary hydraulic pump was turned o2a 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 within their proper operating

limits.

With the hydraulic system pressurized, the second engine centering test vas
conducted with the actuator locks off and with no excitation signal applied
to the actuators. The test measurements were repeated as before, and the cor-
rected actuator pcsitions were again determined. A zero excitation signal was
then applied to the actuators, the hrdraulic system functions were measured,
the actuator position measurements were repeated, and the corrected actuator

pesitions were again determined.
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4.2.33 (Continued)

A cleararce, 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, O degrees to + 7 1/2 degrees, in a

square pattern, counterclockwise as viewed from the engine bell. The engine
wvas then returned to its 0 degree centered position. As the engine was
sequenced through the square pattern, a clearance check verified that there

was no interference to engine motion within the gimbal envelope. A comparison
of the hydraulic servo engine positioning system command and response signals
verified that the response movement was of the correct polarity and magnitude

to agree with the ~ommand signal, and met the requirements for movement
linearity. Checks of the nhydraulic system pressure and reservoir oil pressure
vhen the actuators were at their extremes and when they were returned to neutral,

verified that these pressures remained acceptable.

Transient response tests were conducted next. Step commands were separately
applied to the pitch and yaw actuatcrs, causing each actuator to individually
move the engine from O cdegrees to -3 degrees, from -3 degrees to 0 degrees,
from 0 dagrees to +2 degrees, and from +3 degrees to 0 degrees. The engine
response was observed visually and audibly for unwanted oscillations, and

the actuator responses were recorded during the engire movement. The engine
slew rates wvere computed for each of the step movements. The Test Data Table
shows the computed slew rates and representative actuator response values for
the initial period of each check. The values measured were all acceptabie and
within general design requirements, aithcugh specific limits were not discemmi-

ble from the procedure.

After the transient response test was completed, final measurements were made
of the hydraulic system functicons and the engine centering functions with the
hydraulic system pressurized, the actuator locks off, and no excitation signals
applied to the actuators. Special measurements were again made of the auxiliary

hydraulic pump motor gas pressure and air tank pressure.
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4.2.33 (Continued)

The procedure was completed by turning off the auxiiiary hydraulic pump, aft
bus 2, and the IU substitute 5 volt power supply. The pitch and yaw actuator
locks were then replaced. The computer printout noted that during this pro-
cedure the switch selector was used 4 times; the auxiliary hydraulic pump
accumulated 2 cycles and 24 minutes, 42.251 seconds running time; and the

en; . accumulated 1.5 cycles of 7.5 degrees amplitude and 1 cycle of 3 degrees

a> _ tulc in the pitch plane, and 1 cycle at each amplitude in the yaw plane.

Engineering comments noted that there were no parts shortages affecting the
test. No stage problems were encountered during the test, and no FARR's were
written. Two GSE problems occurred during the test. The function generator
problem during the first attempt was previc.msly commented on. During the
second attempt, the DDAS ground station dropped out of synchronizatiom
momentarily during a special function number measurement. Synchronization
was regained and the test continued with no further problems. Two revisions
were made to the proncedure:
a. One revision changed the tolerance on the aft 5 volt excitation mcdule
voltage to be +0.03 vdc rather than +0.05 vdc, and at two normal halt
points added special OLSTOL measurements of function numbers 2401 and

2403, the auxiliary hydraulic pump motor gas pressure and air tank
pressure, measurements D209 and D223.

b. One revision deleted the Model DSV-4B-298 monochrome system status
display, P/N 1B37968-1, from the End Item Equipment list, as the umit
was not operational.
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4.2.33.1 Test Data Table, Hydraulic System

Function

IU Substitute 5 volt Power Supply (vdc)
Aft 5 volt Excitation Module (vdc)

Bydraulic System Unpressurized

Reservoir 0il Pressure (psia)
Accumulator GNZ Pressure (psia)
Accumulator GN_ Temperature (°F)
Reservoir 0il zevel (%)

Pump Inlet Oil Temperature (°F)
Reservoir 0il Temperature (’F)

Aft Bus 2 Current (amp)

Gaseous Nitrogen Mass (1b)
Corrected Reservoir 0il Level (X)

Aux. Hyd. Pump Motor Gas Pressure, D209 (psig)
Aux. Hyd. Pump Air Tank Pressure, D223 (psia}

Measurement

5‘00
4.99

71.14
2318.25
60.02
86.84
60.41
59.63
0.20

1.928
98.4
13.027

446.797

Engine Centering Test, Locks On, System Unpressurized

T/M Pitch Actuator Position (deg)
IU Pitch Actuator Position (dey)
T/M Yaw Actuator Position (deg)
IU Yaw Actuator Position (deg)

IU Substitute 5 volt Power Supply (vdc)

Aft 5 volt Excitation Module (vdc)
Pitch Actuator Signal (ma)
Yaw Actuator Signal (ma)

Corrected T/M Pitch Actuator Position (deg)
Corrected IU Pitch Actuator Position (deg)
Corrected T/M Yaw Actuator Position (deg)
Corrected IU Yaw Actuator Position (deg)

Aft Bus 2 Voltage (vdc)
Aft Bus 2 Current (amp,

Hyd. System 4 Second Press. Change (psia)

-0.02
-0.01
0.02
0.04
5.00
4.99
0.05
0.00
-0.024
-0.015
0.024
0.044

55.76
60.80
284.8

Engine Centering Test, Locks Off, System Pressurized,

No Excitation Signal

T/M Pitch Actuator Position (deg)
IU Pitch Actuator Position (deg)
T/M Yaw Actuator Position (deg)
1IU Yaw Actuator Position (deg)

IU Substitute S5 volt Power Supply (vdc)

Aft S5 volt Excitation Module (vdc)
Pitch Actuator Signal (ma)
Yaw Actuater Signal (ma)

®* Limits Not Specified
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-0.236 to 0.236
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-0.236 to 0.236

56.0 + 4.0
55.0 + 30.0
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4.2.33.1 (Continved)

Function

Corrected T/M Pitch Actuator Position (deg)
Corrected IU Pitch Actuator Position (deg)
Corrected T/M Yaw Actuator Position (deg)
Corrected IU Yaw Actuator Position (deg)

Hydraulic System Pressurized, Locks Off,

Zero Excitation Signal Applied to Actuators

Hydraulic System Pressure (psia)
Reservoir 0il Pressure (psia)

Accumulator GN, Pressure (psia)
Accumulator GN, Temperature (°F)
Reservoir 01l Eevel ()

Pump Inlet 0il Temperature (°F)

Reservoir 0il Temperature (°F)

Aft Bus 2 Current (amp)

T/M Pitch Actuator Position (deg)

IU Pitch Actuator Position (deg)

T/M Yaw Actuator Position (deg)

IU Yaw Actuator Position (deg)

IU Substitute 5 volt Power Supply (vdc)
Aft 5 velt Excitation Module (vdc)

Pitch Actuator Signal (ma)

Yaw Actuator Signal (ma)

Corrected T/M Pitch Actuator Position (deg)
Corrected IU Pitch Actuator Position (deg)
Corrected T/M Yaw Actuator Position (deg)
Corrected IU Yaw Actuator Position (deg)

Measurement

0.021
0.022
-0.006
0.021

3581.75
163.66
3575.75
76.45
35.66
71.75
69.01
44.80
0.04
0.01
0.00
0.01
5.00
4.99
0.05
0.00
0.037
0.015
0.009
0.015

Limits

-0.517
-0.517
-0.517
-0.517

¥ % % N ¥ N N N N N N N F % ¥

*

-0.517
-0.517
-0.517
~-0.517

to 0.517
to 0.517
to 0.517
to 0.517

to 0.517
to 0.517
to 0.517
to 0.517

Pitch 0 to -3 Degree Step Response - Engine Slew Rate:

14.9 deg/sec

Time from Start

Pitch Excitation

IU Pitch Actuator

(sec) Signal (ma) Pot. Pos. (deg)
0.000 0.000 -0.060
0.027 -20.020 -0.418
0.055 -20.020 -0.765
0.083 -20.020 -1.140
0.111 -19.971 ~1.587
0.139 -20.020 -2.020
0.167 -20.020 -2.352
0.195 -20.020 -2.611
0.223 -20.020 -2.741
0.252 -20.020 -2.784
0.280 -20.020 -2.813
0.308 -20.020 -2.842

* Limits Not Specified
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IU 5 volt Power
Supply (vdc)

4.999
5.000
5.000
5.000
5.000
5.000
5.000
4.990
5.000
5.000
4.990
5.000
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4.2.33.1 (Coutinued)

Pitch -3 to O Degree Step Response - Engine Slew Rate:

13.1 deg/sec

Time from Start

Pitch Excitation

IU Pitch Actuator

(sec) Signal (ma) Pot. Pos. (deg)
0.000 -20.000 -2.969
0.026 0.049 -2.582
0.055 0.000 -2.207
0.0863 C.000 -1.875
0.110 0.000 -1.500
0.139 0.000 -1.067
0.167 0.000 -0.648
0.195 0.049 -0.317
0.224 0.000 -0.144
0.252 -0.049 -0.058
0.279 0.000 -0.043
0.308 0.000 -0.058

Pitch 0 to +3 Degree Step Response - Engine Siew Rate:

IU 5 volt Power
Supply (vdc)

4.999
5.000
4.990
5.000
5.000
5.000
5.000
5.000
5.000
5.000
5.000
4.990

13.1 deg/sec

Time from Start
(sec)

0.000
0.027
0.055
0.083
0.111
0.139
0.167
0.195
0.223
0.252
0.280
0.308

Pitch +3 to O Degree Step Response - Engine Slew Rate:

Pitch Excitation
Signal (ma)

IU Pitch Actuator
Pot. Pos. (deg)

0.000
19.922
19.922
19.922
19.922
19.922
19.922
19.922
19.922
19.922
19.922
19.922

-0.015
0.332
0.679
1.039
1.429
1.848
2.280
2.598
2,785
2.900
2.930
2,973

IU 5 volt Power
Supply (vdc)

4.999
5.000
4.990
5.060
5.000
5.005
5.000
4.990
5.000
5.000
4.990
5.000

14.1 deg/sec

Time from Start

Pitch Excitation

IU Pitch Actuator

(sec) Signal (ma) Pot. Pos. (deg)
0.000 19.949 3.074
0.027 0.000 2.685
0.056 0.000 2.251
0.083 0.000 1.891
0.112 0.000 1.458
0.141 0.000 1.011
0.168 -0.049 0.63¢€
0.196 0.000 0.376
0.225 0.049 0.231
0.252 0.000 0.159
0.280 0.000 0.116
0.309 0.049 0.087
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IU 5 volt Power
Supply (vdc)

4,994
5.005
4.990
5.000
5.000
.000
.000
.000
.990
.000
.000
.000
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5 4.2.33.1 (Continued)

.

gg? Yaw O to -3 Degree Step Response .- Engine Slew Rate: 15.1 deg/sec

= Time from Start Yaw Excitation IU Yaw Actuator IU 5 volt Power
(sec) Signal (ms) Pot. Pos. (deg) Supply (vdc)
0.000 0.000 0.000 4.999
0.027 -19.922 -0.477 5.000
0.056 -19.922 ~0.866 5.000
0.083 -19.922 -1.299 5.000
0.111 -19.922 -17.46 5.000
0.140 ~19.922 =2.237 5.000
0.167 ~19.922 -2.641 5.000
0.196 ~19.922 -2.915 5.000
0.225 ~19.922 -3.060 5.000
0.252 ~19.922 -3.117 4.990
0.280 -19.922 -3.117 5.000
0.309 ~19.922 -3.117 5.000

Yaw -3 to O Degree Step Response - Engine Slew Rate: 15.9 deg/sec

Time from Start Yaw Excitation TU Yaw Actuator IU 5 volt Power

(sec) Signal (ma) Pot. Pos. (deg) Supply (vdc)
0.000 -19.099 -3.210 4.999
. 0.026 -0.049 -2.728 5.000
(Eé 0.055 0.000 -2.353 4.990
0.083 0.000 ~1.948 5.005
0.110 0.000 -1.458 4.990
0.139 0.000 -0.981 5.000
0.167 -0.049 -0.549 5.000
0.194 -0.049 -0.304 5.000
0.223 0.000 =0.145 4.990
0.252 0.000 -0.072 5.000
0.279 -0.049 -0.029 5.000
0.308 -0.049 -0.029 5.000

Yaw O to +3 Degree Step Response - Engine Slew Rate: 15.0 deg/sec

Time from Start Yaw Exczitation IU Yaw Actuator IU 5 volt Power
(sec) Signal (ma) Pot. Pos. (deg) Supply (vdc)
0.000 0.000 0.060 4,999
0.026 19.922 0.476 5.000
0.055 19.922 0.865 4.990
0.083 19.922 1.284 5.000
0.110 19.922 1.731 5.000
0.139 19.922 2.207 5.000
0.167 19,922 2.626 5.000
0.194 19,922 2.886 5.005
0.223 19,922 3.029 5.000

° 0.252 19.922 3.131 5.000
0.279 19.922 3.174 5.000
0.308 19.922 3.203 5.000
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Yaw +3 to O Degree Step Response - Engine Slew Rate: 15.3 dgg/sec

Time from Start Yaw Excitation IU Yaw Actuator IU 5 volt Power
(sec) Signal (ma) Pot. Pos. (deg) Supply (vdc)
0.000 19.949 3.314 4.994
0.027 0.000 2.770 5.008
0.055 0.000 2.395 5.000
0.083 0.000 1.977 5.000
0.111 -0.049 1.515 5.000
0.139 0.049 1.038 5.000
0.167 -0.049 0.591 5.000
0.196 -0.049 0.273 5.000
0.224 -0.049 0.129 5.000
0.252 -0.049 0.086 5.000
0.280 0.000 0.071 4,990
0.308 -0.049 0.086 5.000

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

Function Measurement Limits
Hydraulic System Pressure (psia) 3588.31 *
Reservoir 0il Pressure (psia) 149,33 *
Accumulator GN, Pressure (psia) 1586.69 *
Accumulator GN, Temperature (°F) €8.22 *
Reservoir 0il Eevel (%) 37.78 *

Pump Inlet Oil Temperature (°F) 126.02 *
Reservoir 0il Temperature (°F) 109.45 *
Aft Bus 2 Current (amps) 48.20 *
T/M Pitch Actuator Position (deg) 0.01 *
IU Pitch Actuator Position (deg) 0.00 *
T/M Yaw Actuator Position (deg) 0.02 *
IU Yaw Actuator Position (deg) 0.04 *
IU Substitute 5 volt Power Supply (vdc) 5.01 *
Alc 5 volt Excitation Module (vdc) 4.99 *
Pitch Actuator Signal (ma) 0.00 *
Yaw Actuator Signal (ma) 0.00 *
Corrected T/M Pitch Actuator Position (deg) 0.006 -0.517 to 0,517
Corrected IU Pitch Actuator Position (deg) 0.015 -0.517 to 0.517
Corrected T/M Yaw Actuator Position (deg) 0.024 -0.517 to 0.517
Corrected IU Yaw Actuator Position (deg) 0.029 -0.517 to 0.517
Aux. Hyd. Pump Motor Cas Pressure, D209 (psig) 20.425 *
Aux. Hyd. Pump Air Tank Pressure, D223 (psia) £48.219 *

* Limits Not Specified
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4.¢.34 Propulsion System Test (1B66572 D)

This automatic procedure performed the integrated electromechanicsl functional
tests of the stage propulsion system. The procedure was divided into three
sections, each cf which was performed separately. The first section o7 the
test checked the ambient helium system, and included functional checks of the

pneumatic contiol system, the LOX and LH, tank repressurization systems, and

various pressure switches. The second siction of the test performed functional
checks on the LOX and LHZ tank pressurization systems. The third section of
the test was a four part check of the J-2 engine system, including individual
testing of the engine functions and a combined automatic check of engine

operation.

Initiated on 19 March 1968, the procedure was completed on 26 March 1968,
after 5 days of activity, and was accepted on 4 April 1968. The sections
of the procedure are presented in order. Measurements made during the pro-

cedure are shown in Test Data Table 4.2.34.1.

Section one, the ambient helium system test, was accomplished by the first

attempt on 19 March 1968 with no major problems.

Measurements through the AO and BO telemetry multiplexers verified that the

ambient helium pneumatic control sphere and the LH, and LOX tank repressuri-

zation spheres were all pressurized to 700 +50 psiz, and the control helium
regulator discharge pressure was verified to be 515 +50 psia. A series of
checks then verified the proper operation of the ambient helium sphere dump
valve, the control helium supply shutoff valve, and the engine pump purge
control valve. The LOX chilldown pump purge control module, dump valve, and
control valve were verified to operate properly, and the operation of the LOX
chilldown pump purge pressure switch was verified by measurements made three

times, as shown in the Test Data Table. The LH, and LOX repressurization

2
control modules, dump valves, and control valves were then verified to operate

properly.
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4.2.34 (Continued)

A series of checks then verified the proper operation of the flight control
pressure switches, the repressurization interlock functions, the 02H2 burner
propellant valves, spark system, and voting circuits, and the repressurization

control valves. The operation of the engine pump purge puressure switch and

control valve was verified, as was tne operation of the control helium regulator

backup pressure switch and the control helium shutoff valve. Measurements
were made three times on each of the pressure switches, as shown in the Test

Data Table.

The ambient helium spheres were then repressurized, the control hel.um sphere
pressure was measured as 716.05 psia, and the control helivm regulator
discharge pressure was measured as 531.19 psia, within the 515.0 +50.0 psia
limits. A series of checks then verified the operation of the pneumatically
controlled LH, and LOX vent valves, fill and drain valves, prevalves, and

2

chilldown shutoff valves; the LH, directional vent valve; the LH., continuous

2 2

vent and relie. override valve and orifice bypass valve; and the 02H2 burner

LH2 and LOX propellant valve and LOX shutdown valve. Operating times for the
various valves were measured as shown in the Test Data Table. Switch selector
control of the valves was also verified. This completed the first section of

the procedure.

Section two, the pressurization systems check, was generally accomplished

by the second attempt on 21 March 1968, although a partial third attempt was
accomplished on 26 March 1968. The first attempt was not acceptable because
of several program problems and a temperature bridge malfunction. FARR
500-238-062 replaced the temperature bridge, and program changes were made to
correct the other problems. The second attempt was generally acceptable,
although several minor problems were encountered and corrected, and *he cold
helium regulator did not pass the high flowrate check. Using the high flowrate
orifice, P/N S0772C12-240, the cold helium sphere pressure could not maintain
the required regulator inlet pressure, causing the regulator outlet prascure
to fall below the tolerance limit before the sphere pressure had decreased to
the specified test limit. The cold helium regulator low flowrate check using
orifice, P/N S0772C12-204, was acceprable. For the partial third attempt,
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4.2.34 (Continued)

the cold helium sphere pressure test limit vas increased for the cold helium
regulator high flowrate check, and this check was satisfactorily completed.
The only other check conducted by this attempt was a reverification cf the
LH2 tank step pressure measurements. An out-of-tolerance measurement that
occurred during the first attempt was not repsateu, and was attributed to

noise.

The cold helium sphere pressure was verified to be 825 +25 psia, as measured
through both telemetry multiplexers, and the cold helium dump valve and shut-
off valve were verified to operate properly. The operation of the cold helium
regulator backup pressure switch was verified by making measurements three
times, as shown in the Test Data Table, and by verifying that the switch

properly controlled the cold helium shutoff valve. T..e LOX and IH, repressuri-

zation concrol valves were verified to operate properly, and the zperation of
the LOX and LH2 tank repressurization backup pressure switch interlocks was
verified by making measurements three times, as shown in the Test Data Table,
and by verifying that the switches prop~rly controlled th: LOX and LH2 renres-
surization control valves.

The proper operation of the O,H, burner spark ignition system was then
verified. The LOX tank press;re switches, the cold helium shu - off valve, anc
the cold helium heat exchanger bypass valve were all verified to operate
properly, with mzasurements made three times on the LOX tank grou—1 fill

pressure switch, as shown in the Test Data Table,

The cold helium regulator was checked to verify that the proper outlet pr.ssure
could be maintained as the cold hel: .n sphere pressure decreased. For a ni_h
flowrate check with test orifice $0772C12-240 installed, the regulator outlet
pressure dropped from 385.55 psia at a sphere pressure of 800.98 psia, to
357.73 psia at a sphere pressure of 7%3.70 psia. This was considered to
acceptably meet the requirement of a 358 psia minimum outlet pressure at a

740 psia sphere nressure. The outlet pressure then continued to drop to 244,81
psia at a sphere pressure of 503.12 psia. For a low flowrate check witn test

orifice S0772.12-204 installed, the regulator outlet pressure dropped from

159



o, AKa SN

peye 4

L AT v WA W R

v i hdrost o, are

"

4 ‘Continued)

398.65 psia at a sphere pressure >f 781.8Y psia, to 378.46 psia at a sphere
pressure of 682.59 psia. This acceptably met the requirement of a 35& psia
minimum outlet pressure at a 690 psia sphere pressure. The outlet pressure

then continued to drop to 292.81 psia at a sphere pressure of 506.94 psia.

The proper operation of the Ll-I2 tank pressurization system step pressure valve
and bypass control valve was verified, the LH2 flight control and ground fill
fressure switches were verified to operate properly by measurements made three
times, as shown in the Test Data Table; and the proper control of the step
pressure valve and repressurization control valve by the pressure switches

was verifizd. The cold helium spheres were then vented and a final series of
checks verified the oroper operation of the 02H2 burmer voting circuit,
temperature sensors, and repressurization control valves with the cold helium

spheres at ambient pressure.

Section thr- the J-2 engine check, was accomplished by the first attempt

on 22 Marci: .~ v8. During this attempt, the prevalves initially failed to open
properly, as a capped tee on the prevalve actuation control module caused a
back pressure that prevented prevalve operation. After the cap was removed,
the prevalve operation was accomplished witu no other problems.

The Ll-l2 and LOX vent valves were opened to vent the propellant tanks to ambient
pressure. Tne 02H2 burner spark systems 1 and 2, the emergency detection sys—
tems 1 and 2 engine cutoffs, the repressurizacion control valves, and the 02“2
burner propellant valves were all verifiec to operate properly. The LHZ and
LOX prevalves and chilldown shutoff valves were then closed. A series of checks
then verified that the engine sp:rk ignition systems 1 and 2 both properly

caused thrust chamber and gas generator sparks.

The engine start tank was pressurized, che proper operation of the start tamnk
vent valve was verified, and the start tank was vented back to ambient pressure.
For an engine cutrff test _he engine ready signal was verified to be om, it

was veri .ed that the simulated mainstage OK signal opened the LH_ and LOX

2
prevalves, that the switch selector eagine cutoff{ signal operated properly and
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4.2.34 (Continued)

closed the prevalves, and that removing the cutoff signal reopened the pre-
valves. Thz proper operation of the switch selector engine start and LBZ
injector temperature detector bypass commands was verified, and the engine

icnition timer was measured as shown in the Test Data Table.

The next series of checks verified that the aft separation simulation 1 and 2
signals individually inhibited the engine start, and then verified the proper

operation of the LH, injector temperature detector bypass, the start tank dis-

2
charge control indication, the ignition detected indication, and the helium
control solenoid valve. During these checks, measurements were made of the
helium delay timer, tne sparks de-emergiza>d timer, and the start tank discharge

timer, as shown in the Test Data Table.

A series of checks next verified the proper operation of the mainstage OK
pressure switches 1 and 2, vith measurements made three times as shown in the
Test Data Table, and verified that the pickup of either switch turned off the
engine thrust CK 1 and 2 indications, and ttat, after a dry engine start
sequenc2, the pick up of either switch would maintain the engine in mainstage.
It was also verified that the dropout of both pressure switches turmed or the

engine thrust (K indications and caused engine cutoff.

The helium control sphere was pressurizel to 1453.44 psia for the evline solenoid
valve component checks. A series of checks then verified that opeaing and
closing the helium control solenoid valve caused the LHZ and 10X bleed valves

to close and open, that opening and closing the ignition phase ccatrol solenoid
valve caused the engine augwented spark ignitor (ASI) LOX valve and the engine
main LH2 valve to open and close; that the start tank discharge solenoid valve
opened and closed properly, ard that opening and closing the mainstage comntrol
solenoid valve caused the gas generator valvz and main LOX valve to open and
close, and the LOX turbine bypass valve to ciose and open. During these checs-,
valve position measurements were made as shown in the Test Data Table, and the
engine regulator outlet pressure was measured as 422.94 psia through both

multiplexers when the helium control solenoid valve was opened.
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4.2.34 (Continued)

For the final engine secuence check, the entire engine system was verified to
be ready for the check, and a completely automatic repetiticn of the previous
engine system checks vas accosplished by giving the necessary commar.s to
cause engine start and cutoff. Throughout .ne automatic sequence, the system
responses were verified to be vithin predetermined limits. Various operating
times were measured during the sequence, as showm in the Test Data Table, to
verify the proper operation of the system component items. Also, the engine
regulator outlet pressure was measured as 423.71 psia at the time of engine

Ergineering comments noted that there were no parts shortages affecting this
test, and aiso noted various problems encountered during the test, and the
corrective action, as previously mentioned under the individual section
narrations. One FARR was wuritten during the procedure, as previously noted.
FARR 500-238-062 noted that temperature bridge 404A71A2, P/N 1B65331-1-002,
S/X 106, had a constant 13 wdc output with the simulate command on or off.

The output should have bee- zero vdc with the simulate command on, and 20 vdc
vitkh the command v.{. The defective unit wvas remcved, and temperature bridge,
P/N 1365331-1, S/X 68, was installed and accepted for vuse.

Tventy-five revisions were made to the procedure:

a. Three revisions changed or added time delays during the O H2 burner
operation. The delays after the spark systems were turned on were
changed to be 100 milliseconds, as the specified 70 millisecounds
was marginal; a 100 millisecond delay was added to allow the voter
regulator circuit to respond; and a breakpoint was added to eunsure
a 2 second delay to provide the minimum 85 milliseconds required to
reset the burmer propellant valves relay.

b. One revision added a 2 sec'ad time delay to allow the LOX pressuri-
zation flight switch to respond after switch selector commands closed
the LOX repressurization comtrol valve.

c. Two revisions changed the Non-End Item Equipment list and a manual
installation instruction to call out test orifice $S0772C12-240, rather
than S0772C12-224 as listed, because of a change in the test orifice
diameter.
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4.2.34

d.

(Continued)

Two revisions modified tne cold helium regulator check. The cold
helium sphere lower pressure iimit for proper regulator operation
was changed from 025 psia to be 690 psia, and tnen to he 740 psia
for the repeated high flowrate check. The lower sphere pressures

did not provide the regulator inlet pressure requirsd for proper
regulator operation.

Three revisions changed one print statement, and cnanged and partially
deleted one other print statement, to correct program errors.

One revision disabled SIM channel 41 at two places in the program,
and enabled it at two subsequent places, sc that a SIM interrupt

would not occur if the 0.,!12 burner system :aused a temporary
overvoltage on 2ft bus 17

One revision adaed several steps to the O H. burner spark systems
check tc prevent voltage transients on afg %us 1 from damaging the
engine. For this purpose, the aft bus 1 backup power supply was used

instead of the normal power supply, and the EBK pulse sensor power
was turned on to load the bus.

One revision documented seven ALCO statements and three breakpoints

required to implement the program changes covered by five other
revisions.

Two revisions modified the msnual test setup instr :ctions. The
installation of the test adapter for the cold heliwm regulator flow
check was changed to cover the presence of a previously installed
hand valve on pipe assembly, P/X 1B55285. on the LOX pressurization
line; and an cpen ended plastic bag was installed over the tee at
the prevalve ictuation module vant ports, so that the tee was open
for gas flow while remaining free from contamination.

One revision modified the LOX repressurization control valves check
to use changes in the cold helium sphere prassure, measurement D16,
to verify proper valve operation, rather than using the pickup and
dropout of the LOX prepressurizatioa flight control pressure switch.
The existing method could not be used for Stage 508, as changes
from previous stages inciuded a lower regulated helium pressure,

and a higher pressure switch operating pressure.

One revision reran the colu helium .egulator high flowrate check

using the 740 psia helium sphere iower pressure limit set by a
vrevious revicion, and also repeated the LH, tank step pressure check
to reverify a prersure reading that had previously failed due to noise.

One revisi n added a step to vent any pressure accwrulated in the
repressuscization spheres during the LH, tank pressure switch test.
This unwanted pressure accumulated because the design of the repressuri-

zation control module interlocking systeam allowed leakage under the
valve seats.
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4.2.34 (Continued)

Two . visions deleted measurement tolerances during the J-2 engine
sequence check, to accept out-of-tolerance printouts. Oscillograph
records showed that the measurements were within tclerance, but the
time lag in the computer updating process, and the last digit uncer-
tainty due to the computer binary transfer, caused the marginal
values to be printed out as malfunctiomns.

Two revisions deleted the Model DSV-4B-298 monochrome system status
display, P/N 1B37968-1, from the End Item Equipment list, as the unit
vas inoperative pending design wmodifications; and deleted the exciter-
igniter tips from the Cycle Significant Items list, as wmemo A3-860-
KDLD-M526 and the G change to drawing 1B55424 specified that the
exciter-igniter system and tips were no longer cycle significant.

One revision ran a special engireering evaluation test, using parts
of the J-2 engine check, to investigate the possibility of triggering
K8 or K96 during the spark exciter test. The test results were used
for immediate engineering evaluation, and were not included as part
of the procedure test results.

One revisicn modified a pressure change limit to be 9 psi rather than
10 psi, as the existance of tne pressure change verified the proper
operaticn of a step pressure valve, while the actual amount of the
change was not important.

4£.2.34.1 Test Data Table, Propulsion System Test

Section 1, Ambient Helium Test

Pressure Switch Checks

Function

Measured Value
Test 1 Test 2 Test 3 Limits

LOX Chilldown Pump Purge Pressure Switch

Pressurization Time (sec) 52.938 35.347 35.019 300.0 max
ickup Pressure (psia) 50.11 40.06 40.11 41.5 max
Depressurization Tine (sec) 16.293 9.068 8.944 180.0 aax
Dropout Pressure (psia) 39.13 39.23 39.13 37.5 min
Deadband (psi) 0.98 0.83 0.98 0.3 min
Engine Pump Purge Pressure Switch
Pickup Pressure (psia) 123.47 123.47 122.68 136.0 max
Dropout Pressure (psia) 110.19 108.63 110.19 99.0 min
Deadband (psi) 13.28 14.84 12.49 3.0 min
Control Helium Regulator Backup Pressure Switch
Pressurization Time (sec, 19.719 19.779 20.146 180.0 max
Pickup Pressure (psia) 602.219 603.000 603.000 600.0 +21.0
Depressurization Time (sec) 5.173 5.156 5.063 180.0 max
Dropout Pressure (psia) 490.39 491.95 492.73 490.0 +31.0
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4.2.34.1 (Continued)

Pneumatically Controlled Valve Checks

Jperating Times (sec)

Total Total 3003¢C Total

Valve Open Open Close Close Close Boost Cl.
LH, Vent Valve 0.021 0.077 0.227 0.480 0.093 0.250
LOX Vent Valve 0.022 0.077 0.133 0.375 0.066 0.235
LOX Fill and Drain Valve 0.158 0.286 0.745 2.367 0.418 0.957
Lﬂz Fill and Drain Valve 0.117 0.233 0.646 1.898 0.336 0.316
LOX Prevalve 1.328 1.966 0.224 0.382 - -
LH, Prevalve 1.426 2.070 0.272 0.412 - -
LOX C/D Shutoff Valve 0.195 0.899 0.6G31 0.148 - -
LH, C/D Shutoff Valve 0.142 0.845 0.023 0.130 - -
Lﬂz Cont. Vent Orifice

Bypass Valve 0.009 - 0.008 0.202 - -
Burner LK, Propellant

Valve 0.039 0.143 0.038 0.128 - -
Burner LOX Propellant

Valve 0.066 0.170 0.176 0.182 - -
Burner LOX Shutdown

Valve 0.007 0.072 0.007 0.074 - -

Flight Pos. Total Flight Fos. Gnd Pos. Total Gnd Pos.

LHJ Directional Vent

Valve 0.104 0.222 0.251 0.397
Section 2, Pressurization System Check
Pressure Switch Checks

o Measured Value

Function ) Test 1 Test 2 Test 3 Limits

Cold Helivm Regulator Backup Pressvre Switch
Pressurization Time (sec) 15.551 14.851 15.007 167.0 max
Pickup Pressure (psia) 277.180 475.625 477.180 467.5 +23.5
Depressurizaticn Time (sec) 6..,68 6.469 6.401 180.0 max
Dropout Pre¢ssure (psia’ 381.0 382.0 382.0 362.5 +33.5

LOX Tank Repressurization Backup Pressure Switch
Pressurization Tire (sec) 14.772 14.609 14.561 180.0 max
Pickup Pressure (psia) 474.9 475.6 474.9 467.5 +23.5
Depressur:zation Time (sec) 6.447 6.486 6.414 180.0 max
Dropout Pressure (psia) 383.1 382.3 383.1 362.5 +33.5

ng Tank Repressurizaticn Backup Pressure Switch
Pressurization Time (sec) 15.072 14.341 14.291 1830.0 max
Pickup Pressure (psia) 472.5 473.3 472.5 467.5 +23.5
Depressurization Time (sec) 6.811 6.808 6.781 180.0 max
Dropout Pressure (nsia) 375.3 376.1 376.1 362.5 +33.5
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4.2.34.1 (Continued)

Measured Value

Function Test 1 Test 2 Test 3 Limits
LOX Tank Ground Fiil Pressure Switch
Pressurization Time (sec) 45.321 38.034 33.926 180.0 max
Pickup Pressure (psia) 40.37 40.32 40.32 41.0 max
Depressurization Time (sec) 11.227 10.174 9.897 180.0 max
Dropout Pressure (psia) 38.92 39.03 38.92 37.5 min
Deadband (psi) 1.45 1.29 1.40 0.5 min
LH, Flight Control and Ground Fill Pressure Switches
Manifold Press. Time (sec) 59.014 49.000 48.886 180.0 max
Manifold Depress. Time (sec) 133.101 129.312 129.585 180.0 max
Flight Control Pickup (psia) 30.60 30.50 30.50 31.5 max
Flight Control Propout (psia) 28.13 28.13 28.03 27.8 min
Flight Control Deadbana (psi) 2.47 2.37 2.47 0.5 min
Ground Fill Pickup (psia) 33.58 33.53 33.48 34.0 max
Ground Fill Dropout (psia) 31.27 31.42 31.32 30.8 min
Ground Fill Deadband (psi) 2.32 2.11 2.16 0.5 min

Section 3, J-2 Engine Checks

Engine Timer Checks
Function

Engine Ignition Timer
Helium Delay Timer

Sparks De-Energized Timer
Start Tank Discharge Timer

Pressure Switch Checks

Delay Time (sec)

0.448
0.988
3.295
1.013

Measured Value

Limits (sec)

0.450 +0.030
1.000 +0.110
3.300 +0.200
1.000 +0.040

Function Test 1 Test 2 Test 3 Limits
Mainstage OK Pressure Switch 1

Pickup Pressure (psia) 507.86 506.29 506.29 515.0 +36.0

Dropout Pressure (psia) 449.27 449.27 450.05 PU-62.5 +48.5
Mainstage OK Pressure Switch 2

Pickup Pressure (psia) 519.92 517.58 519.14 515.0 +36.0

Dropcut Fressure (psia) 446.09 445.31 444,52 PU-62.5 +48.5
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4.2.34.1 (Continued)

Valve Position Measurements
Function Position (%) Limit (X)
Mair. LH, Valve Closed 9.90 10 +10
Main LHy Valve Open 90.90 90 +10
Main LH, Valve Reclosed 10.10 Closed +1
Start Tank Discharge Valve Closed 12.30 10 +10
Start Tank Discharge Valve Open 91.00 90 +10
Start Tark Discharge Valve Reclosed 12.20 Closed +1
Gas Generator Valve Closed 10.70 10 +10
. Gas Generator Valve Opan 90.20 *
] Gas Generator Valve Plateau 7.29 65 max
- Gas Generatoi Valve Reclosed 10.70 Closed +
¥ Main LOX Valve Closed 11.90 10 +10
pa Main LOX Valve lst Ramp 24.20 *
4 Main LOX Valve T/M Open Indication 80.60 *
R Main LOX Valve Open 90.70 90 +10
: Main LOX Valve Final Open 90.60 *
I Main LOX Valve Open Difference, T/M to Final 10.00 *
x Main LOX Valve Reciosed 12.10 Closed +1
y LOX Turbine Bypass Valve Open 90.60 90 +10
o LOX Turbine Bypass Valve Closed 12.50 10 +10
£ LOX Turbine Bypass Valve Reopened 90.50 Open +1
E C} * Limits not specified
1S
& Engine Sequence Check
# Start Time Oper. Time Total Time
g Function (sec) (sec) (sec)
Engine Start
Ignition Phase Solenoid
Command Talkback - 0.015 -
Control Helium Solenoid
Command Talkback - 0.022 -
ASI LOX Valve Open - 0.048 -
Main LH, Valve Open 0.046 0.083 0.129
LOX Bleed Valve Closed - 0.069 -
LH, Bleed Valve Closed - 0.077 -
Start Tank Discharge Timer - 1.006 -
Start Tank Discharge Valve Open 0.091 0.085 0.176
Mainstage Control Solenoid
Energize - 1.459 -
Igniticn Phase Timer - 0.453 -
5 Start Tank Discharge Control
;- Solenoid Off - 0.007 -
- Main LOX Valve lst Stage
¥ (Ramp) Open 0.061 .025 0.086
2
R ° *Limits Not Specified
1Y 167
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4.2.34.1 (Continued)

Start Time Oper., Time Total Time

Function (sec) (sec) )sec)
Gas Generator Valve LOX

Poppet Open 0.137 0.058 0.194
Start Tank Discharge Valve Closed 0.128 0.248 0.376
LOX Turbina Bypass Valve Closed 0.203 0.273 0.477
LOX Turbine Bypass Valve 80%

Travel - 0.439 -
Main LCX Valve 2nd Stage Open 0.626 1.814 2.440
Spark System Off Timer - 3.304 -

Engine Cucoff

Ignition Fnase Control Solenoid Off - 0.006 -
Mainer-c. Coatrol Solenoid Off - 0.031 -
AST " \alve Closed 0.025 - -
Ma.~ .'! Valve Closed 0.061 0.121 0.182
M-% d, Valve Closed 0.079 0.228 0.307
Gas ‘. .erator Valve Closed 0.070 0.246 0.316
Cas Generator Valve LOX Poppet

Closed - 0.024 -
LOX Turbine Bypass Valve Open 0.257 0.604 0.860
Helium Conti0l Solenoid De-energize

Timer - 0.994 -
LOX Bleed Valve Cpea 7.972 - -
LH, Bleed Valve Open 9.130 - - f)

4.2.35 Propellant Tank Differential Pressure Scan (1B74681 NC)

This avtomatic prccedure, accomplished in conjunction with the manual propellant
tanks system leak cieck, H§CO 1B59.159, (reference paragrap.a 4.2.24), coatinuously
ver.fied chat the LOY 2and LHZ tank pressures, the cormon bulkhead pressure, and
the differential nressure across the _.mmcn bulkhead, all remained within the
required limits during the entire period tl.e prcpellant tanks were pressurized

for the integrity check and manual leak checks.

The first attempt uf this procedure was accomplished or 27 and 28 March 1948,
during the initZal integrity pressure check and leak check of the propellint
tanks system. A second attempt of the prccedure was accomplished on 2 April
1963, during the retest of a corrected leakage. The procedure was accepted
on 9 April 1968.
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4.2.35 (Continued)

The stage power setup, H&CO 1B66560, was accomplished to establish initial
conditions for the test. An ambient conditions check was made before the
manual tank pressurization was started. The power was turned on for the LH2
and LOX tank ullage pressure transducers and the common bulkhead pressure
cransducer. The LH2 ullage pressure, measurement D576, the LOX ullage pressure,
measurement D577. and the common bulkhead pressure, measurement D545, were
verified to be ambient, 14.7 +1.0 psia for the ullage pressures and 14.7 +0.5
psia for the common bulkhead pressure. Initial reasurements were then made

of the pump inlet pressures, EDS transducar and ullaze pressures, and tank

inlet pressures for both the LH, and LOX tanks, and of the common bulkhead

2
internal pressure.

The differential scar was then activated for use while the tanks were
pressurized by the manual leak check procedure. During this scan, repetitive
measurements were made of the LH2 and LOX tank ullage pressures anc¢ the common
culkhoad pressure. As long as both ullage pressures remained less than 15.7
pzia, the canks were counsidered to be at ambien’ pressure, and the common
bulkhead pressure was vevified to ve less than 15.2 psia. .fter every one
thousand measurement cycles, a printout was mace of the measured LH, and LOX

2
tank ullage pressures and the commun bulkhead pressure.

Once either ullage pressure exceeded 15.7 psia, the differential pressure
across the common bulkhead was determined as the diiference bctween tne LOX
ullage pressure and the LH2 ullage pressure. Verification was then made that
the LH2 ullage pressure did not exceed the LOX ullage pressure; that the
differential pressure did not exceed 10.0 psi if the LOX ullage pressure was
less than 25.0 psia or 2.0 psi if the LOX ullage prescure was g eater than
25.0 psia; that the LOX and LH2 ullage pressures d.d not exceed the waximuxm
integrity pressure limits of 27.3 psia and 27.1 psia, respectively; and that
the common bulkhead pressure did not exceed 16.2 psia. Afrter every one
thousand measturement cycles, a printout was made of the measured LH2 and LOX

tank ullage pressures, the common buikhcad pressure, and the differential

pressure; and measurements were made of the pump inlet pressures, EDS transducer
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4,2.35 (Continued)

and ullage pressures, and tank inlet pressures for both the LHZ and LOX tanks.
and of the common bulkhead internal pressure. The differential scan was
terminated after the LH2 and LOX tanks were vented to ambient pressure at the

co.pletion of the manual leak check procedure.

No parts shoitages were noted that affected this test. Some minor problems
were encountered during the first attempt of the procedure. At one point

the differential pressure was 2.361 psi when it should have been 2.0 psi
maximum. The LOX tank pressure was adjusted to correct this. A computer
failure at another point required reloading the execut! ¢ tape and re-entering
the scan procedure. No problems were encorntered during the second attempt

of the procedure. No FARR's were written against the test. Nine revisions

were made to the procedure:

a. One revision changed two statements to cause the measurement printouts
to occur after one thousand measurement cycles, rather than after one
hundred measurement cycles as listed, to reduce the number of printout
operations required during the differential pressure scan.

p. One revision changed the requiremenrt on the differential pressure
across the common bulkhead to be greater than -1.5 psi rather than
greater than 0.0 psi, to allow for noise level tolerances.

c. One revisiorn changed the tolerance on the GSE 28 vdc power supply
voltages to be 28.0 +0.5 vdc, rather thLan 28.0 +0.8 vdc as listed,
to conform with the A3 electrical requirements.

d. One revision changed the End Item Equipment list to delete the Model
DSV-4B-298 monochrome system status display, P/N 1B37968-1, as it
was inoperative, end to add the Model DSV-4B-296 telemetry signal
dist-ibution unit, P/N 1B41812-1, as it was reeded to transmit the
stag2 600 kHz VCO signal to th: DDAS ground station.

e. One revision changed a print statement to be "print 1H/2 ..." rather

than "print IH/4 ...'", to double space the printout rather than
starting the printout at the top cf a new page.

£. On» revision added a special chack after the differential scan had
been entered. The proper setup of the Model 238 recorder wzs checked
by turning the LOX and LH2 ullage pressure transducer power supplies
off and on.

g. One revicion added an instruction that the test could be exited by
enabling a conditional hold, entering OLSTOL, going to step 66, and
resuning tc execute an end card. This method was used to terminate
the test, as it was a valid exit which did not aifect the test results.

170
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4.2.35 (Continued)

h. Two revisions added instructions to bypas-~ the initial pressure scan
if the system was already pressurized whe- the differential scan was
entered, and to bypass botb the transducer power turn on routine ard
the initial pressure scan if the system was already pressurized and
the transducer powers were already turned on., The initial pressure
scan would not pass if the system was already nressurized when it
was attempted.

4.,2.36 EMC Radio Frequency Signature and Transient Detection (1B64709 N/C)

This procedure verified the el:-ztro magnetic coapatibility (EMC) of the stagze
by means of a radiated spe-=trum signature tes* and a conducted interference
test. The radiated spectrum sigrature test verified thect the operation of the
stage telemetry transmitter did not cause any RF interference at fraquencies
that would adversely affect tae various Apollo and Saturn Vehicle receivers.
The conducted interference test verified tha .he orcratior of the stage
systems and equirment 4id not cause excessive transient signals on the stage
electrical wiring, that a six decibel safet margin ievel was maintained at
various critical points in the stage equipmeunt, and that there were - RF
interference signals within 0.5 MHz of the stage range safety receiver funda-
mental frequency. The umbilic .-in part of the all systems test, H&CO
1B€6571 (reference paragraph 4.2.37), was performed in conjunction with this
procedure to control the operation of the stage systems during the conducted

interfere~ce test.

The pro:edure was initiated on 4 April 1968 and was ccmpleted un 15 May 1968.
During this period, the procedure was active on 17 days for stage and <SE
setup, EMC deltector installatinn, test activities, and trcubleshooting. The
procedure was accepted on 3 June 1968. As noted by i« procedure revisiocn,

the radiatcd spectrum signature test was rot accomplished at this time, but

was to be conducted at STC.

To start the conducted interference test, the umbilicals~-in alil systems tcst
was accomplished as described paragraph 4.2.27, This provdied baseline
data to verify the proper operation of tae stuy2 systems. Aftar ¢ limited
data evaluation indicated that the baseline da*a wa.s; acceptable, the special

interference test equipment was installed.
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4.2.36 (Continued) )

An PEmpire Model NF-105 radio interference and fleld intensity (RIFI) meter,
and a Stoddart Model NM-52A RIFI meter, were connected at the inputs of rangc
safety receivers 1 and 2, respectively, and were adjusted to measure RF
interference at the 450 MHz range safety frequency. The catles, J-boxes, and
EMC 6db and transient detectors from the Model DSV-4B-723 EMC cable accesscry
kit, P/N 1B5789C-1, were then installed. Breakout adapter cables were
connected between tne stage wiring and some 29 items of stage electrical
equipment, and some 37 EMC detectors were connected to the breakout cables,
with the detector outputs connected to the digital events rece:zler (DER)
through the J-boxes. :ach detz2ctor was individually checked to verify that
it was operating properly and that the DER was responding properly to the
detector output signal.

After the EMC detectors were installed and accepted for use, the umbilicals-

in all systems test was again accomplished. During this performance, the

RIFI meters were manually monitored for any indication of RF signals more

than 3 db above ambient at the range safety frequency, and the EMC detectors :)
automatically monitored the stage electrical system for conducted interference
transients and noise exceeding the 6 db safety margin. At the completion of

the all systems test performance, the EMC detectors were again individually

checked to verify that they were still operating properly and that the DER

was still responding properly to the detector output signals. After all testing

was completed, the test equipment and cables were all removed, and the stage

wiring was reconnected to the original configuration.

The test data indicated that range safety receiver 1 had two instances of RF
interference during the test, while range safety receiver 2 had thirteen
instances of interference. For veceiver 1, the carrier (average) interference
measurements were 19 and 18 db, while the peak interference measurements were
28 and 26 db. For receiver 2, the CW average interference measurement ranged
from 4 to 8 db, while the CW peak interference measurement ranged from 2 to

7 db. These indications were acceptable. Some EMC interference was recorded,

as noted below, but no unacceptable interference was encountered.
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4.2.36 (Continued)

All stage items affected by this procedure were installed at the time or the
test. Engineering comments noted that although the GSE Model DSV-4B-723
detector kit, P/N 1B59390-1, was not available when the procedure was
initiated, the kit shbsequently became available and the detectors were
installed for the test. One EMC detector, P/N 1B69361-505, S/N 30, used to
monitor the liquid level sensor power at location 411A99A10A22, was noted

as a shortage item later in the test, after an incorrect connection applied
28 vdc across the detector grounding circuit, fusing a ground wire. No
replacement was available, so this measurement was postponed until the final

all systems test when it was accomplished using a similar detector.

A number of problems were encountered during this first use of the EMC
procedure, as noted on IIS 377761. Many of the detector mounting brackets
required modification, as they were designed to attach to a tooling ring
rather than to the GSE handling ring used during checkout. As a result of
the bracket changes, many of the detector ground straps and breakout cables
were too short and also had to be modified. Other problems corrected during
the equipmeiit setup included incorrectly wired cables and incorrect types of

connectors.

Three attempts were required to complete the umbilicals-in all systems test

to establish the baseline data, because of GSE and program problems. The
conducted interference test required two additional attempts of the all

systems test, as detector problems terminated the first attempt. As previously
noted, one detector was damaged by an incorrect connection. Ten other
detectors and the associated stage wiring were inspected for possible over-
heating, but no evidence of damage was found. A connector problem was
corrected by FARR 500-238-160, and some GSE and program problems were also
corrected. During the acceptable second attempt, it was noted that the EMC
detectors loaded the range safety EBW firing unit circuits, causing low voltage

measuremnents.
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4.2.36 (Continued) ‘:)

Evaluation of the data from the baseline and interference test indicated
several additional problems. Three measurements had excessive noise during
the chilldown inverter operation. This was to be corrected by ECP action.
Several out-of-tolerance conditions were attributed to defects in the magnetic
recording tape and to the use of the wrong calibration curves during data
reduction; one APS engine did not vent properly because a piece of tape was
left on the throat plug vent port; and the EMC detectors monitoring APS

buses 1 and 2 both cycled when the aft bus 1 power was turned off because

of a GSE relay problem. These conditions were all acceptable. One other

measurement problem was corrected by FARR 500-238-178.

As noted, two stage TARR's were written during this test:

a. FARR 500-238-160 noted a damaged pin K and a punctured grommet in
connector P21 on wire harness, P/N 1B66969-1, at location 411A99A10;
and a bent pin K in the mating connector J1 of module, P/N 1B57771-
559. Connector P21 was replaced, and the bent pin was straightened.
The rework was acceptable.

b. FARR 500-238-178 noted that connector P2 on the cable of transducer
kit, P/N 1B40242-597, S/N 597-1, lad a bent connector shell and a D)
loose connector backshell. Connector P2 was replaced. The rework
was acceptable.

Sixty-two revisions were made to the procelure:

a. One revision changed an applicab’e document reference to be MIL-B-5087A,
the approved specification, rath:r than MIL-B-5087B as listed.

b. One revision changed the test 2quipment warmup time requirement to
be 45 minutes, rather than 5 to 10 minutes, to allow sufficient

warmup time,

c. Three revisions changed the RF transmission line connections to the
RIFI meters. The CB-105 line wa: to connect to the NF-105 meter,
while a 90933-1 line, rather thar a 90933-8 line as listed, was to
connect to the NM-52A meter. This was the opposite of the listed
incorrect connections.

d. Four revisions added a requirement to install the EMC equipment for
the conducted interference tests; provided for the adapter brackets
and grounding strap modifications required to mount the EMC detectors
on the GSE handing ring rather than the tooling ring; and corrected
cable callouts and ground connactionms.
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4.2.36

(Continued)

Two revisions changed two steps during the EMT detector checkouts to
verify that only the listed function numbers of the detectors checked
were printed by the DER, in the order in which the detectors were
checked.

One revision added a note that no movement was allowed in the forward
skirt area during the radiated spectrum signature test, as movement
could generate noise in the RF detection equipment.

One revision changed a step at the start of the radiated spectrum
signature test to obtain a reference measurement of the forward bus

1 power supply current, z.d to delete reference to a Model DSV-4B-161,
as there was no such unit.

Three revisions deleted steps to turn on and verify the telemetry RF
group transfer ground monitor at the start of the radiated signature
test, and to turn it off at the end of the test. The ground monitor
should remain off to permit open loop transmission during this test.

Two revisions added notes to clarify which meter scale was to be read
on the NF-105 RIFI meter, and which test routine were to be used

in making specific field strength measurements during the radiated
signature test.

Three revisions made correctioas to specify the proper connector to
use when calibrating the NF-105 RIFI meter, to specify the proper
connection during a signal substitution frequency measuring routine,
and to use a calibration chart usage example that was consistent
with the procedure.

Two revisions corrected two frequencies that requirea field strength
measurements to be 4.994 MHz and 4939.806 MHz, rather than 4.944
MHz and 4940.806 MHz as listed, to agree with test plan SM-47376,
dated February 1968.

Three revisions deleted steps that were accomplished at other points
in the procedure.

One revision deleted a step from the radiated spectrum signature test,
and added an identical step to the conducted interference test. The
step performed calculations involving data on the secure range safety
receivers that was collected during the latter test.

One revision added a step to verify that the telemetry transmitcer
output power was 19.00 +7.25 watts, after a 3 minute warmup period,
to ensure that the power was correct before the test continued.

One revision corrected the radiated spectrum signature test field
strength measurement routine to improve and correct the measurement,
to specify the minimum signal level to be measured, and to eliminate
measurements of non-stage RFI.
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4.2.36 (Continued) T)

p.

One revision added a step to ensure the proper setting of the impulse
generator fine contact adjustment during the standard gain measurement
routine for the NF-105 RIFI meter.

One revision corrected procedure Table A, the list of stage cable
connectors involved in the conducted interference test, to specify
the proper reference location for five entries.

One revision added two Empire Devices tripods, one each of P/N's
TP-105-A and TP-112, to the Non-End Item Equipment list, for use in
this procedure.

One revision completely deleted the radiated spectrum signature test,
as it wa. to be accomplished at STC “ter the single sideband trans-
mitter was installed. All of the te.t equipment required for this
test was also deleted from the Non-End Item Equipment 1list.

Seven revisions added instructions for the EMC detector setup for the
conducted interference test. Before the detectors were connected,

the detector power supplies were adjusted to 28 +0.1 vdc, to prevent
overvoltage; the J-box power cables were connected; the DER EMC

channels were checked through the J-boxes and cables; and it was

verified that the DER responded to 2 millisecond pulses applied at the
detector outputs. After the detectors were connected, the power

supply voltages were readjusted to 28 +0.1 vdc; it was verified that

the power supply ripple was less than 10 millivolts; and it was

verified that the detector self-test conditions did not feed voltage 'ﬁ)
back to the stage systems. ~

One revision added requirements to make field strength measurements
in the frequency ranges of 47.5 to 60 MHz, and 225 to 300 MHz. These
bands had been omitted from the radiated spectrum signature test.

Two revisions changed a requirement to verify that the EMC detectors
had been certified within 15 days prior to use, rather than certified
7 days prior to use, to clarify the requirement and because the
detectors would be in use more than 7 days.

One revision changed the plug designations on a hook up figure to
agree with the wiring harness drawing, 1B69204.

Eleven revisions modified procedure Table B, the EMC breakout and
drag-in cable connections table, and procedure Table C, the EMC
detector calibration table. Incorrect reference locations, cable
and connector designations, and function numbers were corrected;
nine omitted entries were added; and adapter cables were added as
required to compensate for the changes in detector mounting.

One revision added steps to the radiated spectrum signature test
to record the frequency and tuning head band for each measurement
during the signal substitution frequency measuring routines.
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(continued)

One revision added a stev to reconnect the ranre safetv RF cables at
the comnletion of the EMC tests.

Two revisions added the stens to accomplish an end«to-end EMC
detector resnonse verification, both before and after the conducted

interference test,

One revision deleted the use of EMC detector module A22 because
of a problem with the detector or the associated cable. A detector
was to be installed during the all systems test to monitor the

function,

One revision changed ar instruction for using the NM=52A RIFI meter

to refer to the "Field Intensity Position", and the "Pesk Position",
rather than the "CW Average Position" and the "CW Peak Position", to
use the same nomenclature as was used on the unit itself.

One revision changed a requirement that the DER tapes become vart of
the EMC test data to require that the tapes be evaluated and retained
by TP&E Engineering, as the DER data is for enzineering evaluation
and should be retained by engineerine.

4.2.37 All Systems Test (1B66571 E)

After all individual system checkouts were completed, the all systems test

demonstrated the combined overation of the stage electrical, hydraulic,

oronulsion, instrumentation, and telemetry systems under sirmilated flisht

conditions. Where practical, the checkout followed the actual flisht sequence

of prelaunch overations, simulated liftoff, ullage firine, enecine start,

hydraulic gimabline, ensine cutoff, coast veriod, engine restart and cutoff,

attitude control, and stage shuti~wn. The procedure was conducted twice,

once for the umbilicals-in test, ana again for the umbilicals-out test.

Durine

the umbilicals~-in test, the umbilical cables were left connected during the

entire procedure, to permit monitoring of the umbilical talkbacks, and to pro=-

vide complete stage control for troubleshooting and safing operations. Dur-

ing the umbilicals-out test, the umbilical cables were ejected at simulated

1iftoff,

to verify the proper operation of all onboard systems with the

umbilicals disconnected. After the completion of the all systems test, the

umbilicals were reconnected, and the stage was shut down and completely reset

to the proper condition for subsequent shipment to STC,
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As noted in paragraph 4.2.36, the umbilicals-in all systems test was performed
as part of the EMC RF signature and transient detection procedure, R&CO
1B64T0O9, to provide control of the stage systems during the conducted inter-
ference test. For this purpose, the all systems test was initiated on 17
April 1968, and was completed on 15 May 1968, after T days of activity. This

use of the nrocedure was accented on 13 June 1968

The final all systems test was accomvlished on 17 and 20 May 106R, and was
accepted on 21 June 1968, The umbilicals-in vart of the test was completed

by the first attempt on 17 May 1068, while the umbilicals-out part of the

test was completed by the fourth attempt on 20 May 1968. The second and

third attempts were considered umbilicals-out attempts, but both were terminated
prior to umbilical ejection because of problems with the GSE checkout

batteries., The batteries were replaced for the fourth attempt.

The various measurements made during the acceptable umbilicals-in and

umbilicals-out tests are presented in Test Data Table 4.2.37.1. All of

these measurements were acceptable and within design requirements, unless

otherwise noted, although specific test limits were not defined by the procedure j)

for some of the measurements.

Prior to starting the all systems automatic procedure, the GSE electrical sys-
tems and the stage propulsion system were manually set up, and the stage pover
setup procedure, H&CO 1B66560, was accomplished to establish initial conditions.
The all systems test stage power setup check was then conducted, Durine this
check, pover was anplied to the provellant utilization inverter and electroniecs,
the EBW pulse sensors, the engine control and ienition buses, the comoonent

test power, the APS buses, and aft bus 2, while various currents and voltasges
were measured, The EBW ullage rocket firing unit disable command was turned

on, as were the propellant disversion cutoff command inhibits for both ranee

safety receivers. The common bulkhead pressure, the LH, ullage pressure, and

2
the LOX ullage pressure were all verified to be greater than 5 psia. The
proper operation of the switch selector was verified during the umbilicals-in

test only.
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% The manual setup of the propulsion system was verified, the propulsion system
initial conditions wer= established, and the various helium supply pressures
vere measured, A series of checks on both APS modules verified that the APS
fuel and oxidizer supply manifold pressures were 38 + 15 psia, and that the
APS fuel and oxidizer ullage volume pressures were 50 + 15 psia. The LOX

- pate

chilldown nump purge and engine pump purge sequence was then accomplished.

The next series of prelaunch checks verified that the LOX and LH2 vent valves

and fill and drain valves opened properly on command, and that the LOX and LH2

point level sensors, fast fill sensors, and overfill sensors all responded
properly to simulated wet conditions. The simulated wet conditions were left
on for all sensors, except the overfill sensors, to simulate loaded propellant

tanks. The provner operation of the LOX and LH, chilldown shutoff valves, pre-

2
valves, and vent valves was verified, and the LOX and LH2 tank prepressurization

sequences were accomplished. The LH2 pressure control module pressure was

measured during the last sequence. The LOX and LH2 i1l and drain valves

"'x,';#)m’ ; h-vmmmwﬁ-ﬂm@@ A

2

C”ﬁ were then closed, the proper operation of the LH, directional vent valve was
- verified, and the valve was set to the g-ound position.

The EBW and telemetry prelaunch checks were conducted next. A pulse sensor
self test verified the proper operation of the ullage rocket and range safety
EBW firing unit pulse sensors. The PCM RF assembly was then turned on and

the current was measured. During the umbilicals-in test only, a check verified
that the telemetry RF silence command properly turned off the PCM RF assembly.
The PCM FM transmitter output power was measured with the silence command on
and again with the siience command off. During both tests, a telemetry cali-
bration and a RACS calibration were then accomnlished. The PCM FM transmitter

RF power was measured as the telemetry antenna 1 forward power, the telemetry

RF system reflected power was measured, and the telemetrv system closed loop
VSWR was determined., Measurements were also made of the static inverter-

converter output voltages and operating frequency. During the umbilicals~in

i . S oa, c . N . . L
. - b ot MG e (0 ik 1, TR N T o

test, the engine cutoff and the nonprogrammed engine cutoff indications
were both verified to be off, but during the umbilicals-out test, the
engine cutoff commend was turned on and the non-programmed engine cutoff

indication was verified to be off.
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4.2.37 (Continued)

The hydraulic system prelaunch checks were conducted next. The pitch and yaw
actuator locks were removed, the hydraulic reservoir gaseous nitrogen mass

and corrected oil level were measured, and the hydraulic system functions were
measured with the hydraulic system unpressurized. The auxiliry hydraulic pump
was then turned on to pressurize the system, the system pressure increase over
a 4 second period was verified to be over 200 psi, and the hydraulic system

functions were remeasured with the system pressurized.

The stage and GSE were then set for open loop telemetry oper~iion by turning
on the RF distribution system 2 and setting the PCM ground station for open
loop reception. A flow rate and turbine speed (FRATS) calibration measured
the reference indication voltages for the LOX and LHp circulation pump flow-
rates, the static inverter-converter frecuea-v. an! the LH, and LOX chilldown
inverter frequencies, using a 400 Hz GSE czii.ration frequency of 402.700 Hz
during the umbilicals-in test and 402.600 Hz during the umbilicals-out test.
The reference voltages were also measured for the LOX and LH- ilowmeters using
a 100 Hz GSE calibration frequency, and for the LOX and LH; pump speeds using
a 1500 Hz GSE calibration frequency. The telemetry system forward and
reflected RF powers were then measured, and the telemetry system open 1-op
VSWR was determined. The propellant utilization system oven voltage was
measured, to verify that the oven temperature had increased since the propel-
lant utilization system power was originally turned on. The LOX and LHp
chilldown pumps were turned on, and the chilldown inverter currents were
measured. The inverter voltages were measured by the hardwire monitoring
circuits, and the inverter operating frequencies and output voltages were then
measured by telemetry. A series of measurements were then made of the common
bulkhead pressure and the LH, ullage pressure, their 20 and 80 percent cali-
bration voltages, and the ambient pressures after each cslibration; the LOX
ullage pressure; the LH, and LOX cmergency detection system pressure; and the
LHy and LOX chilldown pump differential pressures. The rate gyro was then

turned on, and a telemetry and RACS calibration was performed.

The final prelaunch checks were then started. During the umbilicals-in test,
the battery simulators were turned on, and measurements were made of the
battery simulator voltages and the electrical support equipment load bank

voltages. During -he umbilicals-out test, the checkout batteries were turned
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4,2.37 (Continued)

on, and the checkout battery v°1tages were measured. The transducers for the
common bulkhead pressure and the LH, and LOX ullage pressures were all turned
off, and the transducer output voltages were measured. The LH, and LOX fast

fill sensor simulated wet conditions were then turned off.

The forward and aft power buses were transferred to internal, and the bus
voltages were measured. Both range safety receivers were transferred to
internul power, their low level signal strength indications were measured,

and the current for each receiver was measured. The EBW ullage rocket firing
unit disable command was turned off, the range safety system safe and arm
device was set to the ARM condition, the DDAS antenna input was turned on,

and the propellant dispersion cutoff command inhibit was turned off for both
range safety receivers. It was verified that the open loop PCM RF signal was
being received at the PCM and DDAS ground stations. The cold helium supply
shutoff valve was opened. For the umbilicals-out test only, the external power
was turned off for the talkback bus, the forward and aft power buses, and the
range safety receivers and EBW firing units, the aft and forward umbilicals
were ejected and visually verified to be disconnected, and the local sense
indications were verified to be on. For the umbilicals-in test only, the
external powers were all left on, it was verified that the umbilicals remained
connected, and the local sense indications were verified to be off. The emer-
gency detection system ullage pressures were then measured for both tests.

The prelaunch checks were completed with simulated liftoff.

Following the simulated liftoff, a telemetry calibration was accomplished, and
the preseparation checks were conducted. The two ullage rocket ignitior EBW
firing units werc charged. The LH, and LOX prevalves were openad ar aclosead,
and the LH, chilldown pump was turned off. The fire ullage ignitic: - nand
was turned on, and it was verified that the two ullage ignition EBW firing
units responded properly and that the ullage ignition pulse sensors were on.
The aft separate simulation 1 and 2 signals were then turned on to simulate
stage separation. During the above part of the umSilicals-in test only, addi-
tional checks verified that the ullage rocket firing unit disablie command pre-
vented the ignition EBW firing uwiits from charging, and discharged the
rreviously charged firing units while preventing them from firing.
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APS roll checks and engine start checks were conducted foilowing the simulated
stage separation. The instrument unit (IU) substitute -28 volt power was
turned on and measured. For the APS roll checks, attitude control nozzles 1

IV and III II were turned cu and off while the APS engine 1-1 and 2-1 valve
open indications and attitude control chamber pre:.ures were measured for each
condition. Attitude control nozzles I II and iIl IV were then turned oan and
off while the APS engine 1-3 and 2-3 valve open indications and attitude ccn-
trol chamber pressures were measured for each condition. The LOX chiildown
pump was then turned off, and the LH, and LOX chilldown shutoff valves were
opened and reclosed. The engine start sequence was then accomplished with the
simulated ignition detected indication and the simulated mainstage OK indica-
tion turned on to simulate a satisfactory engine start. The LHo first L.ovn
rela;” was also turned on. The two ullage rocket jettison EBW firing units weie
charged, the fire ullage jettison command was turned on, and it was verified
that both ullage jettison firing units responded properly and that the ullage
jettison pulse sensors were on. During this part of the umbilicals-in test,
additional checks verified that the ullage rocket firing unit disable command ”)
prevented the jettison EBW firing units from charging, and discharged the pre-
viously charged firing units while preventing them from firing.

Following the engine start sequence, the hydraulic gimbal and propellant utili-
zation valve slew checks were conducted, starting with the step response gimbal
and LOX valve slew checks. The propellant utilization system ratio valve
position and the hydraulic system pressure were both measured, and the LOX
bridge 1/3 checkout relay was turned on. A series of step response gimbal
checks were conducted for 0 to -3 degrees, -3 to 0 degrees, 0 to +3 degrees,
and +3 to . degrees, in the pitch and yaw planes. As the results of these
checks were compatible with the results of the same checks during the hydraulic
system automatic checkout, H&CO 1B66570, (reierence pavagraph 4.2.33), the
measured data are not repeated. Following the gimbal sequence, the propellant
utilizstion system ratio valve position was again measured, and the LOX bridge
1/3 checkout relay was turned off. A 0.6 Hz gimbal and LHy propellant utili-
zation valve slew check was conducted next. The propellant utilization system
ratio valve position and the hydraulic pressure were measured, and the LHj

bridge 1/3 checkout relay was turned on. A 0.5 degree gimbal signal, at j)
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0.6 Hz, was applied in tle pitch and yaw planes. The engine position command

currents and resulting instrument unit actuator pistom positions were found to

be within the required limits throughout the cycling in both planes, for the
. umbilicals-in and umbilicals-out tests. At the completion of the gimbal

#
s
"
“

sequences, the hydraulic actuator piston positions and the engine pitch and
yaw positions were measured, and the hydraulic system functions were neasured
with the hydraulic system pressurized. The propellant utilization system
ratio valve position vas meas.:y2(, si:d the LH, bridge 1/3 checkout relay was

turned off.

The first burn and coast period sequences were conducted next. During the
first burn pressurization, the helium pressure of the LOX and LH) pressuriza-
tion control modules, and the cold helium control valve inlet, were measured
whi.,e the helium supply valves were temporarily open, and again zfter the
pressure switch supplies were closed and the flight control pressure switches
were verified to be off. The engine cutoff was then accomplished, the engine
control helium sphere pressure was measured, the auxiliary hydraulic pump was
set for coast mode operation, the LHy first burn relay was turned off, and the
LH, pressurization control module helium pressure was again measured. The LOX
chilldown pump purge was started, and the LOX puap motor container helium pres-
sure was mrasured. The coast period command was turned on, the LOX flight
pressurization system was turned off, and the engine pump purge was started.
The simulated ignition detected and simulated mainstage OK indications were
turned off to complete the first burn sequence. During the coast period, the
70 pound ullage engine command 1 was turned on and off, the LH, continuous

vent valves were opened, and the ullage engine command 2 was turned on and off.
The engine pump purge was then completed. The LH, boiloff bias signal voltage
was measured, then remeasured with the propellant utilization boiloff bias

cutoff turned omn.

The engine restart preparations were conducted next. The LH; continuous vent
valves were closed, and the LOX repressurization spheres and cold helium
spheres pressures were measured. The 02H2 burner spark excitation systems were
verified to operate pr_perly. The proper operation of the LOX and LHj; repres-
surizacion control valves was verified, and the LOX and LH) tank cryogenic

repressurization sequences were accomplished. During the LH; sequence, it was
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verified that pick up of the LH, pressurization switch turned on the ullage
engine commands when the O,H; burner voting circuit was enabled. The cold
helium sphere pressure and the LOX repressurization spheres pressure were
measured after these sequences were completed. The LOX tank ambient repres-
surization sequence was then accomplished, with the cold helium sphere pressure
measured before the sejuence, and the LOX repressurization spheres pressure
measured during tne sequence. The LOX and LHZ chilldown pumps were turned on,
and the chilldown inverter voltages were measured. The LH2 tank ambient
repressurization sequence was then accomplished, with the LH, tank repressuri-
zation helium sphere pressure measured during the sequence. With the propel-
lant utilization valve hardover position command on, the ratio valve position
was verified to be less than -20 degrees. The LH, and LOX chilldown pumps
were turned off, and the inverter operating frequencies and voltages were
measured. The cold heiium supply shutoff valves were then opened, completing

the restart preparations.

The engine restart sequence was accomplished, with the engine control helium
sphere pressure measured. The simulated ignition detected indication and the
simulated mainstage OK indication were turmed on to simulate a satisfactory
engine restart, and the LH, second burn relay was turned on. The cold helium
supply shutoff valves were closed to complete the restart sequence. An LH,
second burn repressurization sequence was accomplished, with the LH, pressuri-
zation control module hc um pressure measured with the prepressurization sup-
ply open, and again after the pressure switch supply was closed. The engine
cutoff was then accomplished with the engine control helium sphere pressure
measured, the simulated ignition detected indication and the LH, second burn

relay wvere turned off, and the coast pericd command was turned on.

A series of checks verified that a dry condition of any one LOX or LH, point
level sensor would not cause engine cutcff, but that a dry condition of any
two LOX sensors or any two LH; sensors would cause engine cutoff. The sensors
were checked by turning off the simulated wet conditions for the combinations
of LOX and Lﬂz sensors. During the umbilicals-in test, the operating time of

the LOX depletion engine cutoff timer was measured for each combination of

LOX sensors.
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4.2.37 (Continued)

The erergency detection system and range safety system tests were accomplished
next. Verification was made that each of the emergency detection system 1

and 2 engine cutoff commands properly caused engine cutoff. A series of
checks then verified that the range safety EBW firing unit arm and engine cut-
off command prcperly charged the range safety firing units and caused engine
cutoff, and that the range safety propeilant dispersion command properly fired
the range safety EBW firing units. During the umbilicals-in test, additional
checks verified that the range safety 1 and 2 receiver propellant dispersion
cutoff commana inhibits properly prevented engine cutoff and EBW firing unit
operation. As a final range safety system test, it was verified that the

range safety system off command properly turned off both range safety receivers.

A series of APS yaw and pitch attitude control checks were conducted next. The
APS attitude control nozzles I IV and II1 IV were turned on and off while the
APS engine 1-1 and 2-3 valve open indications and control chamber pressures
were measured for each condition. Attitude control nozzles I II and III II
were turned on and off while the engine 1-3 and 2-1 valve open indications and
control chamber pressures were measured, and attitude control nozzles I P and
III P were individually turned on and off while the engine 1-2 and 2-2 valve
open indications and control chamber pressures were individually measured.
After a final telemetry calibration, the stage shutdown was accomplished to

complete the all systems test.

The computer printcut showed that during the umbilicals-in test, the auxiliary
hvdraulic pump accumulated 2 cycles and 7 minutes 18.298 secords of running
time; the J-2 engine accumulated 1 cycle each in the pitch and yaw gimbal
planes at 3 degrees amplitude; the range safety system running time was

50 minutes 12.0 seconds; each of the ullage and range safety EBW firing units
was cycled 1 time; the propellant utilization LOX and LH. bridge potentiometers
were each cycled 1 time; and the switch selector was used 161 times. During
the umbilicals-out test, the auxiliary hyvdraulic pump accumulated 1 cycle and
27 minutes 2.987 seconds of running time; the J-2 engine accumulated 1 cycle
each in the pitch and yaw gimbal planes at 3 degrees amplitude; the range
safety system running time was 35 minutes 0.5 seconds; each of the ullage and
range safety EBW firing units was cycled 1 time; the propellant utilization
LOX and LHy bridge potentiometers were each cycled 1 time; and the switch

selector was used 150 times,
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Engineering comments noted that the APS 70 pound thrust ullage engines,

P/N 15-210001, were not installed in either APS module at the time of this
test. It was also noted that interim use attitude control relay modules,

P/N 50M35076-1 S/N 335, and P/N 1B57731-1, S/N 361, were installed at
reference locations 404A51A4 and 404A71A19, in place of flight use attitude
control relay roduies, P/N 1B57731-1. An interim use LOX ASI pipe,

P/N 410117-11, -5 installed on the J-2 engine. These interim use items were

to be replaiced prior to acceptance firing at STC.

No major stage prublems were encountered during this procedure, although

several GSE problems were resolved. Data evaluation following the all systems
test indicated problems with several measurements. Noise spikes on tue (ata
traces for ten measurements, and unexpected cycling indications for four

events, were attributed to mag - etic tape ‘liscrepancies, as the problems

appeared on the DDAS data track of the tape, but did not appear on the PCM

data track of the same tape. uther noted problems were covered by the following
FARR's:

a. FARR 500-238-194 rejected tempercture bridge module 404A64A218,
P/N 1A82274-619, S/N 3208, for measurement C229, the LOX tank
diffuser inlet gas temperature. The module had no continuity,
indicating an open internal relay. The defective module was
removed, and a new module, S/N 3211, was installed, tested, and

accepted for use.

b. FARR 500-238-208 noted several problems. Measurement M60, the
propellant utilization voltage monitor module 411A61A241, P/N
1B39022-1-004, S/N 26, had a 4 percent peak-to-peak noise level
for more than the 1 second acceptable duration. Also, the LHp
point level sensor 408A2C4, P/N 1A68710-507, S/N C%, and the
overfill sensor at location 408A1C2 on the LH, mass probe,

P/N 1A48431-509, S/N E8, were affected by transient voltages,
and cycles unexpectedly when the safe and arm device 411A99A22,
P/N 1A07445-503, S/N 48, was armed. The noted conditions were
acceptable without t ork, as ECP and WRO action was previously
instigated o correc:i the problems.

Fifty revisions were mace to the procedure for the following:
a. One revisi:n deleted the Model DSV-4B-298 monochrome system status

display, P/N 1B37968-1, fror the required End Item Equipment list,
as the unit was inuverative pending design modifications.
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b. Five revisions modified the propulsion system manual setup operations
to correct the setup, to accomplish the steps at the proper point in
the procedure, and to differentiate between the APS setups used at
the SSC and STC VCL's.

c. Three revisions added steps to the post-test instructions, to properly
return the stage to the flight configuration, and to prepare the APS
modules for removal.

d. One revision deleted all measurements of the APS ullage engine pres-
sures, as the ullage engines and the accompanying pressure trans-
ducers were not installed.

e. Eight revisions corrected various minor program and procedure errors.

f. ne revision deleted the hardwire frequency measurements on the LOX
and LHy chilldown inverters, as the period counter in the GSE Model
DSV-4B-131 response signal conditioner was inoperative because of a
design problem. The frequencies were satisfactorily measured by
telemetry.

g- Two revisions modified the pressure requirements for the cold helium
sphere pressure and the LOX and LH, system pressure switch pressures
during a repressurization control valve check. Because of the loca-

1 tion of the cold helium sphere pressure transducer, a higher sphere
S pressure or longer wait times were required for proof that the LH,
and LOX repressurization control valves properly opened.

h. One revision modified the setup of the GSE Model DSV-4B-123 DDAS
ground station, to reduce the possibility of the ground station
going out of synchronization.

. g

i. Three revisions modified the procedure for use with the EMC tesc
only, then deleted these modifications for tne final all systems
test. To permit EMC field strength measurements at the range
safety operating frequency, the GSE range safety transmitter was
not turned on during the test setup, and the prelaunch range
safety receiver low level signal strength measurements were
deleted. Just prior to the range safety system engine cutoff and
propellant dispersion tests, the transmitter was turned on and the
signal strength measurements were accomplished. In additiomn, the
EBW firing unit charge voltage indications were charged to 3.3
+ 0.3 vdc rather than 4.2 + 0.3 vdec, to allow for measurement
loading by the EMC detectors.

j. One revision, affecting the umbilicals-in test only, turned off
the external aft bus 1 power supply prior to the OpH; burmer spark
system test. This prevented the GSE power supply regulation circuit
from applying an overvoltage to the engine control package during
the spark test.
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k.

1.

T.

t.

Two revisions added the special cables and vehicle simulators
installation drawing 1B66555, and the APS subsystem checkout

drawing (A3 only), 1B69403, to the Applicable Documents list

for use during this procedure.

Two revisions changed the setup of the GSE Model DSV-4B-~136
destruct system test set, to allow a 3 hour warmup period rather
than 30 minutes as specified, and to properly set the antenna
coaxial switch.

One revision specified that the cold plate temperature, measured
during the test setup, was to be monitored on the output tempera-
ture gauge.

Three revisions corrected measurement limits and tolerances. The
PCM/FM transmitter output power was to be 19.0 + 7.25 watts at
two places, rather than 11.75 + 7.25 watts at one place and

19.75 # 7.25 watts at the other. The OgH, burner spark system

1 and 2 monitors were to be 0.0 + 0.1 vdc at four places, rather
than 0.0 + vdc, to meet the 2 percent noise tolerance requirement
for the EMC ctest. The GSE stage 4 line pressure was to be 1500
+ 50 psia at one point, rather than 1550 + 50 psia as listed.

Three revisions made minor corrections to the setup of the GSE
DDAS and PCM receivers and the Model DSV-4B-~127 tape recorders,
to be compatible with the individual GSE test procedures, and
to the setup of the GSE Model DSV-4B-128 frequency calibration
unit, to prevent RF feedthrough from affecting the DDAS data.

One revision modified the umbilicals-in test to verify that half
of the normal OjH, burner shutdown did not turn on the APS ullage
engines.

O=c revision added checks to verify that the air tank pressure,
measursment D223, was between 65 and 500 psia, and that the motor
gas pressurc, measurement D209, was 21 + 12 psig, when the
auxiliary nydraulic pump was off and later when the pump was on.
One revision deleted a "post backup'" step, as the backup could
not be called because of a mission control character.

- Two revisions added delay timee at two places in the program, to

provide a 50 millisecond delay between a command and a measurement,
and to provide a 100 millisecond delay to allow a system to
stabilize after a turn on command.

One revision added an initial step to set a program flag, identi-
fied as PAMFLAG, equal to 1, to allow the numeric readouts access
to the PAM data.
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One revision modified the umbilicals-out test to repressurize the
cold helium spheres to greater than 810 psia during the repressur-
ization control valves checks. This ensured enough gas for a

50 pound blowdown check to verify the open condition of the LH,
and LOX cryogenic rcpressurization control valves.

Two revisions changed pressure limits. At one point, the LOX motor
container pressure was to be greater than 34 psia rather than

35 psia, to compensate for the higher initial pressure in the pneu-
matic pressure line. At two places, the LOX system pressure switch
supply pressure was to be greater than 36 psia, rather than 38 psia
or 37.5 psia, to minimize the flow of gas before the swiich actuated.

One revision modified the umbilicals-in test, to provide setup and
removal instructions for an EMC transient detector on the level
sensor power circuit. This transient measurement was deleted
during the EMC test because of a faulty detector. The measurement
was satisfactorily completed during the umbilicals-in test using a

differen: detector.

One revision added a step to manually repressurize the GSE stage
8 dome to 48 +5, -3 psia before resuming the test after a fault
routine. This provided the required supply pressure so that the
flight control pressure switch picked up within the allotted time.

Two revisions to the umbilicals-in test accepted apparent out-of-
tolerance measurements. The common bulkhead internal pressure,
measurement D237, was acceptable at 14.067 psia, rather than

14.7 + 0.5 psia, as there was a partial vacuum in the common
bulkhead at the time of the umbilicals-in test. The bulkhead was
vented to ambient pressure prior to the umbilicals-out test. The
LH) differential pressure, measurement D579, was acceptable at
-31.250 + 1.2 psia, rather than 0.0 + 1.2 psia, as the measure-
ment indicated a malfunction of the GSE response signal conditioner.
Investigation showed that telemetry measurement D218, also at the
same pressure and carried by the same GSE relay, dropped out at the
same time. The measurement functioned properly during the
umbilicals-out test.
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4.2.37.1 Test Data Table, All-Systems Test

Funtion Umbil.~-In Umbil.-Out Limits

Power Setup Check

PU Power On

PU Inv and Elect Current (amps) 3.800 3.700 5.0 max

PU Oven Voltage (vdc) -0.123 -0.123 0.0 + 0.3

Engine Control EBus On

Aft Bus 1 Current (amps) 1.600 1.500 2.7 + 3.0

Aft Bus 1 Voltage (vdc) 27.96 28.04 28.0 + 2.0

Engine Control Bus Voltage (vdc) 27.722 27.783 Bus 1 + 1.0

Component Test Power On

Component Test Power Voltage (vdc) 27.958 27.958 Bus 1 + 1.0

Engine Ignition Bus On

Aft Bus 1 Current (amps) 1.899 1.8C0 2.7 + 3.0

Aft Bus 1 Voltage (vdc) 27.999 27.958 28.0 + 2.0

Engine Ignition Bus Voltage (vdc) 27.783 27.783 Bus 1 + 1.0

APS Bus On

Aft Bus 1 Current (amps) 2.300 2.100 2.7 + 3.0

Aft Bus 2 On

Aft Bus 2 Current (amps) 0.199 0.600 5.0 max

Aft Bus 2 Voltage (vdc) 56.317 56.638 56.0 + 4.0
190
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4,2,37.1 (Continued)

Function

Propulsion System Setup Check

Amb He Pneu Sphere Pres.
D236 (psia)

Cold Helium Sphere Pressure
D016 (psia)

Control Helium Supply Pressure
D019 (psia)

Cont He Reg Discharge Press
D014 (psia)

LHy Repress He Sphere Press
D020 (psia)

LOX Repress He Sphere Press
D088 (psia)

LH, Prepressurization Sequence

LHy Press Control Module GHjp
Press D104 (psia)

EBW and Telemetry Checks

PCM RF Assembly Current (amps)
PCM/FM Transmitter Output Power:
RF Silence On (watts)
RF Silence Off (watts)

T/M Antenna 1 Forward Power (watts)
T/M RF Sys Reflected Power (watts)
T/M System Closed Loop VSWR
Inv-Conv 115 vac Output (vac)
Inv-Conv 5 vdc Output (vdc)
Inv-Conv 21 vdc Output (vdc)
Inv.-Conv Operating Frequency (Hz)

* Limits not specified
** Measurement not applicable

Umbil.-In Umbil.-Out Limits j
693.63 708.58 700.0 + 50.0
816.25 827.70 825.0 + 25.0
1457.03 1485.69 1450.0 min
526.22 531.19 515.0 + 50.0
622.58 652.48 *
734.77 753.45 *
57.55 54,28 50.0 min
4.601 4.200 4.5 + 3.0 )
-0.18 *%k 2.0 max
20.79 k& 10.0 min
20.849 20.938 19.0 + 7.25 B
0.031 0.019 3.08 max
1.080 1.061 2.0 max
114.41 114.41 115.0 + 3.45
5.01 5.00 4.9 + 0.2
22.00 21.95 21.25 + 1.25
402.37 402.14 400.0 + 6.0
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4,.2.37.1 (Continued)

Function Umbil.-In Umbil.-Qut Limits

Hydraulic System Checks

Reservoir GN, Mass (1lbs) 1.966 1.952 1.925 + 0.2
Corrected Reservoir 0il Level (%) 95.5 97.7 95.0 min
dydraulic System Unpressurized
Hydraulic System Pressure (psia) 1369.031 1372.313 *
Accumulator GN Pressure (psia) 2378.250 2411.000 *
Accumulator GNy Temperature (°F) 63.925 74.486 *
Reservoir 0il Temperature (°F) 63.925 76.057 *
Reservoir 0il Level (%) 86.590 88.084 *
Reservoir 0il Pressure (psia) 75.500 73.756 *
Pump Inlet 0il Temperature (°F) 63.929 74.883 *
T/M Yaw Actuator Position (deg) 1.2%8 1.288 *
Corrected T/M Yaw Act. Pos (deg) 1.296 1.296 *
IU Yaw Actuator Position (deg) 1.350 1.334 *
Corrected IU Yaw Act. Pos (deg) 1.350 1.342 *
T/M Pitch Actuator Position (deg) -0.237 -0.253 *
Corrected T/M Pitch Act. Pos (deg) -0.244 -0.260 *
IU Pitch Actuator Position (deg) -0.254 -0.254 *
Corrected IU Pitch Act. Pos (deg) -J.254 -0.261 *
IU Substitute 5v Power Supply (vdc) 4.999 4.994 *
Aft 5v Excitation Module (vdce) 4.995 4.994 *
Aft Bus 2 Current (amps) 0.399 0.199 *
Hydraulic System Pressurized
Hydraulic System Pressure (psia) 3581.750 3581.750 ®
Accumulator GNy Pressure (psia) 3578.438 3570.313 *
Accumulator GNp Temperature (°F) 85.072 95.676 *
Reservoir 0il Temperature (°F) 64.314 76.840 *
Reservoir 0il Level (%) 38.026 40.392 *
Reservoir 0il Pressure (psia) 166.277 166.277 *
Pump Inlet Oil Temperature (°F) 63.929 76.061 *
T/M Yaw Actuator Position (deg) 0.002 -0.013 *
Corrected T/M Yaw Act. Pos (deg) 0.009 -0.006 *
IU Yaw Actuator Position (deg) 0.015 0.029 %
Corrected IU Yaw Act. Pos (deg) 0.015 0.029 *
T/M Pitch Actuator Position (deg) 0.061 0.044 *
Corrected T/M Pitch Act. Pos (deg) 0.054 0.037 *
IU Pitch Actuator Position (deg) 0.060 0.045 *
Corrected IU Pitch Act. Pos (deg) 0.060 0.045 *
IU Substitute 5v Power Supply (vdc) 4.999 4.999 *
Aft 5v Excitation Module (vdc) 4.995 4,994 *
Aft Bus 2 Current (amps) 4£6.399 47.000 *
* Limits not specified
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4.2.37.1 (Continued)

Function Umbil.-In Umbil.-Out Limits

FRATS Calibration

LOX Circ Pump Flowrate Ind (vdc) 3.876 - 3.886 + 0.100
- 3.887 3.886 + 0.100
LH, Circ Pump Flowrate Ind (vdc) 3.882 - 3.886 + 0.100
- 3.882 3.886 + 0.100
Static Inv-Conv Freq Ind (vde) 3.174 - 3.173 + 0.100
- 3.174 3.149 + 0.100
LH, C/D Iav Freq Lad (vdc) 3.122 - 3.175 + 0.100
- 3.117 3.149 + 0.100
LOX C'D Inv Freq Ind (vdc) 3.087 - 3.175 + 0.1.00
3.087 3.149 + C.100
LOX Flowmeter Indication (vdc) 1.656 1.661 1.667 + 0.100
LH, Flowmeter Indication (vdc) 1.666 1.671 1.667 + 0.100
LOX Pump Speed Indication (vdc) 3.169 3.164 3.125 + 0.100
LHy Pump Speed Indication (vdc) 1.267 1.261 1.250 + 0.100
Telemetry RF and PU Oven Checks
T/M Antenna 1 Forward Power (watts) 21.474 20.938 19.0 + 7.25
T/M RF Sys Reflected Power (watts) 1.747 0.466 3.08 max
T/M System Open Loop VSWR 1.797 1.351 3.0 max
PU Oven Voltage Increase (vdc) 1.600 1.589 0.3 min
LOX Chilldown Inverter Checks
Inverter Current (amps) 21.20 19,20 20.0 + 5.0
Aft Bus 2 Voltage (vdc) 55.76 55.04 *
Phase AB Voltage, Hardwire (vac) 55.9 55.1 Bus 2 + 3.0
Phase AC Voltage, Hardwire (vac) 55.1 54.7 Bus 2 + 3.0
Phase AlBl Voltage, Hardwire (vac) 55.8 55.1 Bus 2 + 3.0
Phase AlCl Voltage, Hardwire (vac) 56.0 55.2 Bus 2 + 3.0
Inverter Frequency, Telemetry (Hz) 399.6 399.4 400.0 + 4.0
Phase AB Voltage, Telemetry (vac) 55.1 54.6 Bus 2 + 2.0
Phase AC Voltage, Telemetry (vac) 55.3 54.6 Bus 2 + 3.0

*Limits not specified
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4.2.37.1 (Continued)
Function Umbil.-In Umbil.-Jut Limits

LHy Chilidown Inverter Checrks

Inverter Current (amps) 21.20 22.40 20.0 + 5.0
Aft Bus 2 Voltage (vdc) 55.28 54.64 *

Phase AB Voltage, Hardwire (vac) 55.31 54.53 Bus 2 + 3.
Phase AC Voltage, Hardwire (vac) 55.31 54.47 Bus 2 + 3.
Phase AlBl Voltage, Hardwire (‘ac) 55.44 54.75 Bus 2 + 3.
Phase AlCl Voltage, Hardwire tvac) 55.25 54.47 Bus 2 + 3.
Inverter Frequency, Telemetry (Hz) 400.0 399.7 400.0 + 4.
Phase AB Voltage, Telemetry (vac) 55.2 54.6 Bus 2 + 3,
Phase AC Voltage, Telemetry (vac) 55.3 54.6 Bus 2 + 3.

Pressure Measurements

Comuon Bulkhead Pressivre (psia) 14.067+ 14.368 14.7 +
Common Bulkhead 20% Calib (vdc) 1.034 1.060 1.0 +
Common Bulkhead Amb Press (psia) 14.521 14.786 14.7 +
Common Bulkhead 807% Calib (wvdc) 4.015 4.020 4.0 +
Common Bulkhead Amb Press (psia) 14.521 14,813 14.7 +
LHy Ullage Pressure (psia) 14.659 14,712 14.7 +
LHy Ullage 20% Calib (vde) 1.02¢4 1.024 1.0 +
LHy Ullage Amb Press (psia) 14,712 14.659 14.7 +
LH, Ullage 80% Calib (vde) 4.005 4.010 4.0 +
LHy Ullage Amb Press (psia) 14.712 14.712 14.7 +
LOX Ullage Pressure (psia) 14.879 14.879 14.7 +
LH, EDS Transducer 1 Press (psia) 14.5 14.5 14.7 +
LH, EDS Transducer 2 Press (psia) 15.0 14.7 14.7 +
LOX EDS Transducer 1 Press (psia) 14.% 14.2 14.7 +
LOX EDS Transcucer 2 Press (psia) -1 14.7 14.7 +
LHy C/D Pump Diff Press (psid) -31.250+ 0.124 0.0 +
LOX C/D Pump Diff Press (psid) -0.563 ~-0.563 0.0 +
Final Prelaunch Checks
Fwd Bus 1 Batt Sim (Bus 4D30) (vde) 28.24 *% 28.0 +
Fwd Bus 2 BRatc Sim (Bus 4D20) ‘vdz) 28.28 ** 28.0 +
Aft Bus 1 Batt Sim (Bus 4D10) (vde) 28.04 %% 28.0 +
Aft Bus 2 Batt Sim (Bus 4D40) (vdc) 55.84 k% 56.0 +
Bus 4D20 ESE Load Bank (vdc) 0.00 k& 0.0 +
Bus 4D40 ESE Load Bank (vdc) 0.00 %% 0.0 +
Bus 4D30 ESE Load Bank (vdc) 0.04 *k 0.0 +
Bus 4D10 ESE Load Bank (vdc) 0.08 k¥ 0.0 +
Fwd Bus 1 C/0 Batt (Bus 4D30) (vdc) L 30.16 29.5 +
Fwd Bus 2 C/O Batt (Bus 4D20) (vdc) kk 30.32 29.5 +
Aft Bus 1 C/0 Batt (Bus 4D10) (vdc) kR 29.96 29.5 +
Aft Bus 2 C/O Batt (Bus 4D40) (vdc) ki 62.00 60.5 +
Com Bulkhead Press Transducer (vdc) 0.000 -0.005 0.0 +

* Limits not specified
+ See ievision y
**Measurement not applicable
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% G §.2.37.1 (Continued)

%
§ Function Umbil.-In  Umbil.-Out Limits
E' Final Prelaunch Checks

% LK, Ullage Press Transducer (vdc) 0.005 0.000 0.0 + 0.35
' LOX Ullage Press Transducer (vdc) 0.124 0.124 0.0 + 0.35
F Fwd Bus 1 Internal {Bus 4D31)(vdc) 27.92 29.68 28.0 + 2.0
FwG Bus 2 Internal (Bus 4D21) (vdc) 27.88 28.9¢ 28.0 + 2.0
Aft Bus 1 Internal (Bus 4D11)(vdc) 28.04 29.72 28.0 + 2.0
Aft Bus 2 Internzl (Bus 4D4l) (vdc) 55.28 55.68 56.0 + 4.0
Receiver 1 Low Level Signal (vdc) 3.66 3.63 2.5 min
Receiver 2 Low Level Signal (vdc) 3.76 3.74 <.5 min
Receiver 1 Current (amps) 0.30 -0.10 0.0 + 2.0
Receiver 2 Current (amps) 9.10 -0.10 G.0 + 2.C
LHy) EDS 1 Ullage Pressure (psia) 14.30 14.36 14.7 £+ 1.0
LH, EDS 2 Ullage Pressure (psia) 15.69 14.75 14.7 + 1.0
LCX EDS Ullage Pressure (psia) 14.17 14.17 14.7 + 1.0
LOX EDS Z Ullage Pressure (psia) 14.69 14.6S 1a.7 + 1.0
LH, FDS 1 Transducer Press (psia) 14.41 14.47 14.7 + 1.0
LH, EDS 2 Transducer Press (psia) 14.85 14.91 14.7 + 1.0
LOX EDS ! Tramsducer Press (psia) 14.41 14.35 14.7 + 1.0
LOX EDS 2 Tramsducer Press (psia) 14.85 14.85 14.7 + 1.0
APS Roll Chescks
IU Suostitute -28& Volt Power (vdc) -28.118 -29.399 -2%.5 + 2.5
Contzrol Nozzles I IV and III II On
Engine 1-1 Valve Open Ead (vdcj 3.98 4.17 *
Engine 2-1 Valve Open Ind (vdc) 3.81 3.96 *
Engine i-1 Chambter Press (Cpen) 33.44 32.58 *
(psia)
Engine 2-1 Chawter Press (Open) 35.15 35.36 *
(psia)
Control Nozzles I iV and IUI II Off
Engine 1-1 Valve Open Iné (vdc) -0.01 0.00 0.0 + 0.25
Engine 2-1 Valve Jpen Ind (wvdc) 0.00 0.00 0.0 + 0.25
Engine 1-1 Chamber Press (Closed) 17.20 15.28 *
(psia)
Engine Z2-1 Chamber Press {Closed) 18.91 18.70 *
(psia_
Control Nozzles I II and III IV Om
Engine 1-3 Valve Open lnd (vde) 3.94 4.12 *
Ei.g.ne 2-3 Valve Oper Ind {vdc) 3.75 3.91 *
Eng ne 1-3 Chamber Press (Open) 31.94 33.65 *
(:s.a)

* Limi.s not specified
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4.2.37.1 (Coutiaued)
Function Umbil.-In Umbil.-Out Limits

APS Roll Crecks {cont'd)

Engine 2-3 Chamber Press (Opan) 25.53 27.67 *
(psia)
Control Nozzles I II and III IV Off
Ergine 1-3 Valve Open Ind (vdc) J3.00 -0.00 0.0 + 0.25
Engine 2-3 Valve Open Ind (vdc} 0.00 -0.30 0.0 + 0.25
Engine 1-3 Chamber Press (Closed) 15.28 15.49 *
(psia)
Engine 2-3 Chamber Press (Closed) 12.07 12.93 *
(psia)
Hydraulic Gimbal Step Response Check
Ratio Valve Pos (Relay Off( (deg) -0.47 -0.26 0.0 + 1.5
Hydraulic System Pressure (psia) 3582.¢C 3592.0 3575.0 + 75.0
Ratio Valve Pos (Relay On) (deg) 31.58 31.64 20.0 min
Hydraulic Gimbal 0.6 Hz Check
Ratio Valve Pos (Relay Off) (deg) 1.03 1.24 Previous *
Hydraulic System Pressure (psia) 3585.0 3582.0 3575.0 + 75.0
Pitch Act Piston Pos, AO (deg) 0.044 0.061 0.0 + 0.517
Pitch Act Pistoa Pos, BO (deg) 0.044 0.076 0.0 *+ 9.517
Yaw Act Piston Positior, AC (deg) 0.033 0.064 0.0 + 0.517
Yaw Act Pistor Position, BO (deg) 0.018 0.080 0.0 + 0.517
Engine Pitch Position, IU (deg) 0.0629 0.045 0.0 #+ 0.517
Engine Yaw Position, IU (deg) 0.060 0.074 0.0 + 0.517
Hydraulic System Pressurized
Hydraulic System Pressure (psia) 3591.5090 3581.750 *
Accumulator GN,y Pressure (psia) 3578.438 3575.750 *
Accumulator GK; Temparature (°F) 71.355 74.4386 *
Reservoir 0il Temperature (°F) 76.840 125.621 *
Reservoir 0il Level (3) 35.909 43.630 *
Reservoir 0il Pressure (psia) 17G.207 168.457 *
Pump Inlet 0il Temperature (°F) 93.715 145.004 *
T/M Yaw Actuator Position (deg) 0.049 0.064 *®
Corrected T/M Yaw Act Pos {deg) 0.049 G.071 *
IU Yaw Actuatcr Position (deg) 0.060 c.c82 *
Corrected 1U Yaw Act Pos (deg) C.060 ©.096 *
T/M Pitch Actuator Position (deg) C.061 9.061 *
Corrected /M Pitch Act. Pos. (deg) 0.061 0.054 ®
IU Pitch Actuator Position (deg) 0.029 0.045 *
Corrected IU Pitch Act. Pos. (deg) 0.029 0.038 *
IU Substitute Sv Power Supply (vdc) 4.999 4,994 *

* Limits not specified
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4.2.37.1 (Continued)

* Limits not specified
**leasurement not applicable

197

Function " Umbil.-In Umbil.-Out Limits
Hydrsulic System Pressurized (cont'd)
Aft 5v Excitation Module (vdc) 4.996 4.993 *
Aft Bus 2 Current (amps) 45.39¢ Lt *
Aft Checkout Battery 2 Current {(amp) k% 51.199 *
Ratio Valve Pos. (Relay Om) (Deg) -28.146 -28.077 -20.0 max
First Burn and Coast Period
LOX Press. Module He. Press. D105:
Cold He. Supply Open (psia) 291.727 299.%06 *
LOX Press. Sw Supply Closed (psia) 165.160 171.703 *
Cold He. Control Valve Inlet Press. D225:
Cold He. Supply Open (psia) 273.72 279.72 *
LOX Press. Sw Supply Clcsed (psia) 106.79 109.52 *
LHy Press. Module He. Press. D104:
LH, Prepress Supply Opea (psia) 116.47 111.02 *
LH, Press. Sw Supply Closed (psia) 81.56 77.19 *
LH, First Burn Relay Off (psia) 59.74 57.55 *
Control He. Sphere Press. D109 (psia) 1371.125 1392.594 *
LOX Mtr Container He. Press D103 (psia) 44.52 44 .84 35 to 45
LH, Boiloff Bias Signal M1G:
%ias Cutoff Off (vdc) 0.32 0.48 0.0 + 2.5
Bias Cutoff On (vdc) 12.338 11.922 10.0 min
Engine Restart Preparations
Before Repressurization
LOX Repress Sphere Press. D88 (psia) 723.53 749.72 *
Cold He. Sphere Press. D16 (psia) 697.36 720.78 *
After Crycgenic Repressurization
Cold He. Sphere Press. D16 (psia) 613.84 655.86 *
LOX Repress Sphere Press. D88 (psia) 723.53 749.72 *
Before Ambient Repressurizaticn
Cold He. Sphere Press. D16 (psia) 621.48 _ 655.86 *
During LOX Ambient Repressurizatioa
LOX Repress Sphere Press. 288 (psia) 592.67 667.45 *
Same, after 30 second delay (psia) 618.33 678.67 Previous + 75



4.2.37.1 (Continued)

Function

Engine Restart Preparatioms

Chilldown Pumps On

LOX C/D Inv. Phase AB Voltage (vac)
LOX C/D Inv. Phase AC Voltage (vac)
LOX C/D Inv. Phase AlBl Voltage (vac)
LOX C/D Inv. Phase AlICl Voltage (vac)
LHy C/D Inv. Phase AB Voltage (vac)
LH, C/D Inv. Phase AC Voltage (vac)
LHy C/D Inv. Phase AlBl Voltage (vac)
LHy C/D Inv. Phase AlCl Voltage (vac)

During LH7 Ambient Repressurization

LH, Tank Repress He. Sphere Press D20
D20 (psia)
Same, after 30 second delay (psia)

Chilldown Pumps Off

LKy C/D Inv. Frequency (H3)
LHy C/D Inv. Phase AB Voltage (vac)
LH, C/D Inv. Phase AC Voltage (vac)
LOX C/» Tanv. Frequency (H3)
LOX C/D Inv. Phase AB Voltage (vac)
LOX C/D Inv. Phase AC Voltage (vac)

Engine Restart

Control He. Sphere Press (psia)

LH, Second Burn Repressurization

LH, Press Module He. Press. Dlu4:
LH, Prepress Supply Open (psia)
LH, Press. Sw Supply Closed (psia)

Engine Cutcff

Control He Sphere Press (psia)

Function

LOX Depletion Timer Check

LOX Sensors 1 and 2 Dry (sec)
LOX Sensors 1 aand 3 Dry (sec)
LOX Sensors 2 and 3 Dry (sec)

* Limits not specified
**Measurement not applicable

Umbil.-In Umbil.-Out Limits
55.833 59.214 50.0 min
55.443 58.889 50.0 min
55.899 59.083 50.0 min
55.964 59.214 50.0 min
55.379 57.394 50.0 min
55.379 57.394 50.0 min
55.443 57.394 50.0 min
55.313 57.394 50.0 min
271.1 323.4 *
297.3 360.8 Previous + 75
389.5 389.5 390.0 + 1.0
0.00 0.00 0.0 + 1.5
0.00 0.00 0.0 + 1.5
389.5 389.5 390.0 + 1.0
-0-13 0000 0-0 '_’_' 1.5
0.00 0.00 0.0 + 1.5
1116.94 1156.31 *
107.744 109.926 *
71.736 73.918 *
1335.34 1356.81 *
0.544 *k 0.560 + 0.025
0.539 L 0.560 + 0.025
0.536 *k 0.560 + 0.025
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4.2.37.1 (Continued)

* Limits Not Specified

199

Function Umbil.-In Umbil.-Out Limits
APS Yaw and Pitch Checks

Control Nozzles I IV and III IV Omn
Engine 1-1 Valve Open Ind (vdc) 3.871 4.107 *
Engine 2-3 Valve Open Ind (vdc) 3.641 3.855 *
Engine 1-1 Chamber Press (Open)

(psia) 30.661 29.807 *
Engine 2-3 Chamber Press (Open)

(psia) 23.824 24.892 *
Control Nozzles I IV and III IV Off
Engine 1-1 Valve Open Ind (vdc) -0.005 0.000 0.0 + 0.25
Engine 2-3 Valve Open Ind (vdc) -0.005 0.000 0.0 + 0.25
Engine 1-1 Chamber Press (closed) -

(psia) 15.063 14.850 *
Engine 2-3 Chamber Press (closed)

(psia) 12.072 12.927 *
Control Nozzle I II and III II On
Engine 1-3 Valve Open Ind (vdc) 3.825 4.076 *
Engine 2-1 Valve Open Ind (vdc) 3.687 3.917 *
Engine 1-3 Chamber Press (Open)

(psia) 29.807 31.089 *
Engine 2-1 Chamber Press (Open)

(psia) 31.943 32.370 *
Control Nozzles I II and III II Off
Engine 1-3 Valve Open Ind (vdc) -0.010 -0.005 0.0 + 0.25
Engine 2-1 Valve Open Ind (vdc) -0.005 0.000 0.0 + 0.25
Engine 1-3 Chamber Press (closed)

(psia) 15.063 15.918 *
Engine 2-1 Chamber Press (Closed)

(psia) 17.627 16.986 *
Control Nozzle I P On
Engine 1-2 Valve Open Ind (vdc) 3.882 4.102 *
Engine 1-2 Chamber Press (Open) (psia) 35.789 34.508 *
Control Nozzle I P Off
Engine 1-2 Valve Open Ind (vdc) ~0.005 0.000 0.25 max
Engine 1-2 Chamber Press (closed) (psia) 19.123 17.627 *
Control Nozzle III P On
Engine 2-2 Valve Open Ind (vdc) 3.759 3.953 *
Engine 2-2 Chamber Press (Open) (psia) 32.370 32.798 *®
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4.2.37.1 (Continued)

Function Umbil.~In Umbil.-Out Limits

APS Yaw and Pitch Checks (Cont'd)

Control Nozzle 1III P Off

Engine 2-2 Valve Open Ind (vdc) -0.005 0.000 0.25 max
Engine 2-2 Chamber Press (Closed)
(psia) 15.704 16.132 *

*Limits Not Specified

4.2.38 Forward Skirt Thermoconditioning System Postcheckout Procedure
(1B62965 D)

This procedure secured the forward skirt thermoconditioning system following
VCL automatic checkout activities, and consisted of a system cleanliness check,
a drain and dry procedure, a leak check, and preparations for stage shipment
to STC. These activities were accomplished between 24 and 28 May 1968, with

Engineering review and acceptance occurring on 28 May 1968.

The GSE thermoconditioning servicer, P/N 1A78829-1, was verified to be

properly set up and connected to the stage thermoconditioning system. A visual
inspection verified that there was no leakage within the servicer, at the
coolant supply and return hose assemblies, P/N's 1B37641-1 and -301, leading to

the stage, or within the stage tnermoconditioning system.

The system cleanliness check began with an inspection of the cold plates for
open mounting holes and improperly torqued bolts. Coolant was circulated
through the system, and 1000 milliliter samples of the water/methanol cooiant
solution were drawn from the fluid sample pressure valve and the fluid sample
return valve, after one pint of fluid had been drawn from each valve to purge
the valves of possible impurities. The samples were then analyzed for clean-

liness per 1P00093, and were found to be acceptable.

For the drain and dry procedure, the stage thermoconditioning system was

purged with gaseous nitrogen for 35 minutes, the remaining coolant fluid was
drained from the fluid sample pressure and return valves and the air test

valve, and gaseous nitrogen was flowed through the system for another 2-1/2
hours. The system moisture content was then verified to be less than 4430 parts

per million of water/methanol vapor, equivalent to a 25°F dewpoint.
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4.2.38 (Continued)

The stage thermoconditioning system was then purged with freon gas and pres-
surized to 32 + 1 psig for a leak check. All system B-nuts and fittings,

manifold weld areas, panel inlet and outlet boss welds and manifold flexible
bellows were leak checked using a gaseous leak detector, P/N 1B37134-1, with
the sensitivity switch set to 1 on the R12-0Z/YR scale. No leaks were found

in any of these areas.

The thermoconditioning system was then purged with gaseous nitrogen, and the
system dewpoint was again verified to be 25°F or less. The system was then

depressurized, the GSE servicer was shut down, discomnected from the stage,

and secured, and the stage thermoconditioning system was secured and sealed

for subsequent stage shipment.

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

written. No revisions were made to the procedure.
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4,3 Final Inspection

After the completion of stage acceptance testing and final manufacturing
operations, a final inspection was conducted by MDAC and AFQC personnel on

all stage mechanical and electrical areas to locate and correct any remaining
discrepancies, and to verify that the stage was in satisfactory condition for
the preshipment operations and transfer to STC. This final inspection was
conducted between 16 August and 19 December 1968, and the results and necessary

rework were accepted on 26 December 1968.

Altogether, 127 defects were found. Of these 34 were of an :2lectrical nature,
and 93 were mechanical. The electrical discrepancies included loose, damaged,
and missing clamps; wire harnesses and cables riding structural parts and
other components, bent too sharp, and lacking slack; unremoved inspection
stickers; rubber bands under grounding straps and panels; upside~down flight
control arrows; damaged and extra bonding straps; damaged and missing seals,
anti-tamper seals, and identification stickers; unused and damaged standoffs;
and unpainted and unchromated ground studs. Those defects of a mechanical
nature included missing, damaged, and loose parts, identification bands,
anti-tamper seals, and decals; excessive sealant; missing, loose, and j)
incorrectly installec safety wire; misaligned parts; dirt, foreign material,
rust, corrosion, discoloration, hydraulic oil, and tape residue in several
places; parts riding the structure and other parts; dings and gouges; and

areas requiring paint touchup.

Most of these discrepancies were resolved immediately. However, the following

defects were recapped to FARR's for correction:

a. FARR 500-568~631 noted that the screws on the main tunrel cover at
the slotted holes should have washers. Washers were installed at
the main tunnel cover slotted holes. The rework was acceptable to
Engineering for use.

b. FARR 500-445-734 noted that duct assembly, P/N 1A87436-501, had rust
adjacent to the weld seam and that there was foreign material inside
the duct assembly. The duct assembly was removed and sent to the
LOX clean room for service per DF3 43000, The duct assembly was
reinstalled after LOX cleaning.

c. FARR 500-639-113 noted that the metal foil identification plate on
the LOX flowmeter, P/N 1A89104-507, S/N 31595, was not legible per
DPS requirements. The FARR was dispositioned to remove and replace .
the metal foil identification plate; however, the work was not :)
accomplished at SSC and the FARR was shipped as an open item.
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4.4 Weight and Balance Procedure (1B64539 C)

This procedure measured the stage weight with an accuracy of +0.1 percent,

using a three point electronic weighing system, and determined the longitudinal

center of gravity of the stage. The measured stage weight was corrected for
gravity and air buoyancy forces to determine the weight at Standard Gravity in
a vacuum. The procedure was satisfactorily accomplished on 18 December 1968,
after the stage was rotated to a horizontal position and placed on the weigh-

ing cradles, P/N 1A68719-1. The procedure was accepted on 23 December 1968.

A g A GREIRER AR it

Before starting the weighing operation, the electronic weighing system,
P/N 1A57907-1, was set up and calibrated. Three load cell assemblies,
P/N CMU-1204 or 1B38965-1 and -501, were connected to the load cell readout
indicator, P/N CMU-1204, checked for linearity and stability by the use of

tie indicator standardizar, and adjusted for a zero setting. The stage was

verified to be level within 0.250 inches over the axial distance between
stations 554.702 and 286.147. The dry bulb temperature, barometric pressure
and relative humidity were measured in the weighing area, for use in deter-
mining the air density. These measurements were repeated every half hour

(: throughout the weighing operation.

Using the hand pumps on the aft jack, P/N 1A93232-1, and the two forward
glide-aire jacks, P/N 1A83320-1, the stage was raised to just clear the cradles,
and leveled to the previous limit. Regulator air pressure was applied to the
forward glide-aire jacks to permit self-adjustment of the stage, and the stage
levelness was reverified. After allowing 10 minutes for load cell creep stabi-
lization, load cell readings were taken as shown in Test Data Table 4.4.1. The

stage was then lowered back onto the cradles, the load cells were allowed to

creep stabilize again, and the load cell zero was rechecked and adjusted if
necessary. The weighing procedure was repeated three times, and the average
reading for each load cell was determined and corrected for calibration. From
the capacity of each load cell, and the load cell reading, the reaction force cn

each load cell was determined. These reaction forces were then used to deter-

mine the stage shipping and handling weight, the stage weight at Standard Gravity
in a vacuum, and the longitudinal center of gravity. As shown in the Test Data
Table, the stage shipping and handling weight was 26,897.3 pounds, the weight

~ at Standard Gravity in a vacuum was 26,960.9 pounds, and the lorgitudinal

an center of gravity was at station 329.6.
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4.4 (Continued) j)

No parts were short during this procedure, no revisions were written, and no

problems were encountered.,

4,4.1 Test Data Table, Welght and Balance Procedure

Air Density Data

Time Barometric Press. (in. Hg) Relative Humidity (%) Dry Bulb Temp (°F)
21:00 30.005 42 64
21:30 29.998 42 64
22:00 29.990 41 64
22:30 29.983 41 64

Calculated Air Density: 0.07571 pounds per cubic foot.

Load Cell Collected Data

Reaction Load Cell Aft (R1) Forward (R2) Forward (R3)

Serial Number 36234 34182 34184

Capacity (pounds) 25,000 10,000 10,000

Run 1 Reading (%) 79.648 37.641 39.869

Run 2 Reading (%) 79.676 37.560 39.902

Run 3 Reading (%) 79.682 37.581 39.878

Average Reading (%) 79.669 37.594 39.883 T)
Calikration Correction 0.764 0.257 0.294 )
Corrected Reading (%) 80.433 37.851 40.177

Reaction (pounds) 20,108.3 3,785.1 4,017.7

Weight Determination (pounds)

Aft Reaction R1 20,108.3
Forward Reaction R2 3,785.1
Forward Reaction R3 4,017.7
Total Reactions as recorded 27,911.1
Minus Weighing Equipment ''Tare" -1,013.8
Shipping and Handlirg Weight 26,897.3
Plus Gravitational Correction + 29.8
Plus Buoyancy Correction + 33.8
Weight at Standard Gravity in a vacuum 26,960.9
204 ?
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4.4 (Continued)

Longitudinal Center of Gravity

Reaction Rl Moment at Sta. 189.3 3,806,501.13
Reaction R2 Moment at Sta. 684.0 2,589,008.40
Reaction R3 Moment at Sta. 684.0 2,748,106.80
Moment Sum 9,143,616.39
Tare oment - 278,870.75
Moment Sum Less Tare 8,864,745.64

As weighed Center of Cravity = Station 329.6
(Moment Sum Less Tare divided by Total Reactions Less Tare)

4.5 GN9 - Electrirol Air Carry Preshipment Purge (1B65783 J)

Just prior to stage shipment, this procedure purged the stage to a dewpoint of
-30°F (235 ppm by volume) or less, using gaseous nitrogen, and installed the
necessary desiccants for stage air carry shipmenr:, The desiccants maintained
a clean, dry environment and a safe differential pressure during air transpor-

tation.

After some hardware removal and installation work on 26 November 1968, the
procedure was satisfactorily performed between 18 and 21 December 1968, and
was accepted on 31 December 1968. The purge preparations started with the
installation of the LOX and LH2 desiccant support assemblies, P/N's 1B61272-1
and 1B61270-1. The LOX bellows, P/N 1A49971-501, and the LOX and LH2 dis-
connects, P/N's 1A49970-503 and 1B66932-501, were removed for separate ship-
ment with the stage. Covers and desiccators were installed at the LOX and
LH2 fill and drain vents, the LH2
the LOX propulsive and non-propulsive vents, and the 02H2 burner nozzle.

The Model 1865 purge unit, P/N 1B62117-1, was prepared for operation, a GN

propulsive, non-propulsive, and ground wvents,

2
heater was setup to warm the nitrogen gas used for the LH2 tank purge, and

the electrical and pneumatic purge connections were made on the stage and
between the purge unit and the stage. The engine LOX chilldown line and LH2
feed duct, the LH2 pressurization line, the LH2 propulsive vent, nonpropulsive
vent, and ground vent, the LOX propulsive vent and non-propulsive vent, the
02H2 burner LOX and LH2
purged with gaseous nitrogen. The final dewpoints attained were ~34°F for the

ducts, and the LOX and LH2 propellant t.:i - were all
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4,5 (Continued)

LOX system, and -32°F or the LH, system. During th~ tank purges, the LH2

2
tank door was removed for separate shipment with the stage, and a manifold,
P/N 1B61027~1, was installed in its place. Also, the LOX tank desiccant

breather, P/N 1A79691-1, and the four LH2

P/N 1A79691-501, were yrepared, filled with desiccant material, and installed.

tank desiccant breathers,

After the satisfactory completion of the purge operation, the purge unit was
disconnected frox the stage and secured. The aft skirt dust cover, P/N
1B61077-1, and tae forward skirt dust cover, P/N 1B61099-1, were then

installed to complete the procedure.

Several parts had been removed at the time this ;rocedure was accomplished,

includiig the actuation control modules for t™a LH2 continucus vent valve

and the LH2 directional valve. Some procedure changes were necessary to

compensate for these shortages, but no particular problems were encountered

and no FARR's were written. Thirty-six revisione were made to the procedure:

a. 5ix revisions added new steps and illustrations, and changed xist-~
ing steps and illustrations, to provide purging of the LO). non-pro-
pulsive vent valve, as the procedure did not include this operation.

b. Five revis.ons added steps and modified the existing procedure to
provide for the hookup and operation of the GN2 heater used to warm
the nitrogen gas for the LH2 tank purge.

c. Three revisions corrected four dewpoint temperature references to be
-30°F, rather than the incorrectly specified -35°F.

d. Two revisions added a warning note and en operation step that had been
cmitted in error.

e. Four revisions changed various hardware callouts to agree with changes
in the stage hardware.

f. Four revisions added one step, deleted another step, and made minor
changes to two other steps, to permit proper operation of the pro-
cedure.

g. Nine revisions modified tlie procedure to compensate for parts shortages
that existed at the tim~ of the purge operations. One step was added,
other steps were deleted, and several steps were changed, renumbered,
and resequenced to provide proper uperat.ion.
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{i 4.5 (Continued)

h. Two revisions changed the designation of some molecular sieve
desiccant material tc be "type SA30, same as type FAYW", rather
than "type 4AXW or 5AWX", as speciiied. Thir was to agree with s
designation coding change used by taie material vendor, U.C.C. Linde

Division.

af

i. One revision changed a step to leive the protective wrapping on the
face of the LOX tank relief valve, rather than to remove the wrapping
as specified, to provide continued protection for the valve.

4.6 Retest Requirements

As noted in paragraph 2.7, various modifications were accomplished on the
stage subsequent to VCL checkout and additional mcdifications were scheduled
at STC prior to stage acceptance firing. The completion of the following
system checkout procedures was required at STC, prior to the acceptance

firing, to verify all of the modificaticms:

: 1B41G05 Hydraulic System Setup and Operate
s 1B41955 Thermczouditioning System Checkout ard (Operation
% 1B49236 Common Bulkheaa Vacuum Check
L ‘ 1855813 Stage Power Setup
i {,é 1B55814 Stage Power Turnoff
‘5 ) 1B55815 Fower Distribution Svstem
2 1B55816 DDAS Cslibracion
1B55817 DDAS Automatic Checkout
z 1B55819 Range Safety Receiver Automatic Checkout
4 1B55821 Range Safrty System Automatic Checkout
§ 1B55822 EBW System Autcmatic Creckout
3 1B55823 Propellant Utilization System Automatic Checkout
3} 1B55824 Hydraulic System Automatic Checkout
E: 1B55825 APS (Simulator) Automatic Checkout
;§ 1B62753 Propulsion System Automatic Checkout
4 1B64316 Umbilical Interface Compatibility
) 1B64367 Propellant Utilization System Manual Calibration
1B64678 Cryogenic Temperature Sensor Verification
1B64679 T/M and Range Safety Antenna System
1B64680 Level Sensor and Control Unit Calibration
1B71877 Propulsion System Leak Check
1B75557 Single Sideband System Checkout
§ Most of the above tests arc¢ part of the normally planned STC prefire testing.
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APPENDIX III

FLIGHT CRITICAL ITEMS INSTALLED AT TURNOVER

The flight critical items (FCl), as designated by DRW 1B53279K, that were

installed on the stage at the time of transfer to STC for acreptance f4ring

are listed in the following tabulation:

P/N S/N Ref. Location Name
1A48240-505-007 0132  404A7 Fill and drain valve
1A48240-505-007 0130 427A8 Fill and drain valve
1A48257-525 0036 411A1 LH2 vent and relief valve
1A48312-513 0049  424A1 LOX vent and relief valve
1A48430-511 C4  406A1 LOX mass probe
1A48431-513 C7/C6  408Al LH, mass probe
1A48857-503 39 403A73 Control helium tank
1A48858-1 1137 Bnk 2 Pos 1 Helium sphere, cold
1A48858-i 1175 Bnk 1 Pos 5 Helium sphere, cold
1A48858-1 1181 Bnk 2 Pos 4 Helium sphere, cold
1A48858-1 1211  Bnk 1 Pos 2 Helium sphere, cold
1A48858-1 1212 Bnk 2 Pos 2 Helium sphere, cold
1A48858-1 1213 Bnk 2 Pos 3 Helium sphere, cold
1A48858-1 1215 Bnk 1 Pos 4 Helium sphere, cold
1A48858-1 1217 Bnk 1 Pos 3 Helium sphere, cold
1A48858-1 1219 Bnk 1 Pos 1 Helium sphere, cold
1A49421-507 154  427A3 LHy aux chilldown pump
1A49423-507 1871  424A4 LOX aux chilldown pump
1A49964-501 261 424 (LOX) Chill system check valve
1A49964-501 289 427 (LHj) Chill system check valve
1A49965-523-012A 0301  424A41 Chill system shucoff valve
1A49965-525-013B 0205  424A4 Chill system shutoff wvalve
1A49968-519 135  404A44 Prop. tank shutoff valve
1A49968~521 024  424A6 Prop. tank shutoff valve
1A49991-1 63 403A74 Tank, comp. gas, cold helium
1A49991-1 - 403A6 Tank, comp. gas, cold helium
1A57350-507 0234  403A73A13 Helium £i1l module
1A58345-523 1037  403A73A1 Module, pneumatic pwr control
1A58347-513 26  403A75A2 Engine pump prg cont mod
1A59358-525 036 411A92A6 PU electronics assembly
1A66212-507 018  411A92A7 Inv-conv elect. as<y
1A66240-503 X457813  401A11S1, S2 Engine driven pump, hydraulic
1A66241-511 X458912  403B1 Aux hydraulic pump
1A66248-505 77  403A71L1 Hydraulic actuator assy
1A66248-505-011A 66  403A72L1 Hydraulic actuator assy
1A68085-505 0146  411A99A10A1 300 amp pwr transfer switch
1A68085-505 0136  404A45A1 300 amp pwr transfer switch
1A68085~505 0117  404A2A1 300 amp pwr transfer switch
1A74039-517-016A 075  404A74A2 Chilldown inv. elect. assy
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Appendix III (Continued)

P/N S/N Ref. Location Name
1A74039-517-016A 074  404A74A1 Chilldowa inv. elect. assy
1A74211-515 0628  404A45A9 2 amp relay module
1A74211-515 0721  404A3A41 2 amp reley module
1A74211-515 0724  404A3A19 2 amp reiay module
1A74211-515 0725  403%A3A17 2 amp relay moduie
1A74211-515 0726  411A99A10A11 2 amp relay module
1A74211-515 0727  411A99A10A13 2 amp relay module
1A74211-515 0728  404A45A10 2 amp relay module
1A74211-515 0729  404A3A48 2 amp relay module
1A74211-515 0730  411A99A10A12 2 amp relay module
1A74211-515 0731  404A45A8 2 amp relay module
1A74211-515 0742  404A45A7 2 amp relay module
1A74216-503 0376  411A99A10A6 Mag latch relay medule
1A74216-503 0520  404A45A5 Mag latch relay module
1A74216-503 0487  404A3A13 Mag latch relay module
1A74216-503 0510  404A3A2? Mag latch relay module
1A74216-503 0511 404A3A21 Mag latch relay module
1A74218-505 0675  411A99A10A10 10 amp relay moduie
1A74218-509 0668  404A45A11 10 amp relay module
1A74218-509 0587  404A2A2 10 amp relay modula
1A74218-~515 0585  404A3A12 10 amp relay module
1A74218-515 0586  404A3A49 10 amp relay module
1A74218-515 0608  404A3A44 10 amp relay module
1A74218-515 0610  404A3A14 10 amp relay module ’)
1A74218-515 0683  404A3A20 10 amp relay module
1A74765-507 226  401A1151 Hyd syst thermal switch
1A74890-501 0081  404A2A7 50 amp relay module
1A74890-501 0140  404A45A2 50 amp relay module
1A7 R90-501 0138  404A2A10 50 amp relay module
1A7+ 90-501 N145  411A99A10A2 50 amp relay module
1A74590-501 0141  404A2A9 50 amp relay module
1A77310-503.1 0192  411A98A2 5 volt excitation module
1A77310-503.1 0194  411A99A33 5 volt excitation module
1A77310-503.1 0163  404A52A7 5 volt excitation module
1A86847-513 051  401A11S81, S2 Hyd pump thermal isol assy
1B29319-519 00026  403A46 Accum/reservoir assy
1B32647-~505 070  404A45A3 Hyd pwr unit start switch
1B33084-~503 020 411A97A19 RS controller assy
1B33084-503 013 411A97A13 RS controller assy
1B39037-501 130 401 Eng installation bolts
1B39037-501 147 401 Eng installation bolts
1B39037-501 152 401 Eng installation bolts
1B39037-501 181 401 Eng installation bolts
1839037-501 193 401 Eng installation bolts
1B39037-201 196 401 Eng installation bolts
1B39550~515 013  404A3 Sequencer mounting assy
1B39975-501 0288  404A3A1 Diode module
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? 1B39975-501 0295  404A2A17 Diode Module
1B39975-501 0346  404A2A16 Diode module
1B39975-501 0383  404A3A3 Diode module
1B39675-501 0384  404A3A5 Diode module
1B39975-501 0385  404A3A39 Diode module
1B39975-501 0386  404A3A37 Diode module
1B39975-501 0388  404A35A43 Diode module
: 1B39975-501 0383  404A3A% Diode module
3 1B39975-501 0384  404A3A5 Diode module
: 1R40604-1.2 088  404A2A34 Diode assy module
) 1B40604-1.2 0156  4C4A3A7 Diode assy module
; 1B40604-1.2 0159  404A3A42 Diode assy module
E 1B40604-1.2 0164  404A3A51 Diode assy module
# 1B40604-1.2 0162  404A3A50 Diode assy module
. 1B40824-507.1 129 403 Str 9A Check valve
g 1B40824-507.1 128 403 str 9-3/4 Check valve
: 1B40824-507.1 131 403 Str 5A Check valve
. 1B40824-507.1 125  403274A4 Check valve
¢ 1B40887-501 0269  404A3A16 10 amp mag latch relay mod
§ 1B40887-501 0272  404A2A15 10 amp mag iatch relay mod
1B40887-501 0273  411A99A10A4 10 amp mag latch relay mod
1B40887-501 0274  404A3A2 10 amp mag latch relay mod
_ 1B4(0887-501 0326  404A45A6 10 amp mag latch relay mod
{~§ 1B40887-501 0328  404A3A46 10 amp mag litch relay med
" 1B40887-501 0329  404A3A10 10 amp mag lat:h relay mod
1B40887-501 0340  404A3A18 10 amp mag latch relay med
1B40887-501 0341  404A3A4 10 amp mag latch relay mod
1B40887-501 C342  411A95A1045 10 amn maz latch relay mod
1B40887-501 0343  404A326 10 - = .. latch relay mod
1840887-501 0344  404A3A8 10 amp mag lLatch relay mod
1B40887-501 0349  404A3A58 10 amp mag latcii relay mod
1B40887-501 0501  404A3A57 10 cmp mag latch relay mcl
1B42290-505 0012 403A74A1 LOX press. control module
1B51211-505 015  404A45 Aft 56 volt pwr dist assy
1B51354-507 014  404A2 Afr 28 volt pwr dist assy
1B51379-511 013  411A99A10 v - dist nount assy
¥ 1B51753-511 019  411A32 ;> .y vent reg & S/D valve
. 1B52623-515 C20 403s2 Prossare switch
¥ 1B52624-511 030 411S2 Tressure switch
1B52624~511 031 41184 Pressure switch
1B52624-515 45  403s8 Pressure switch
1B52624-517 021  403S3 Pressure switch
1B52624-519 48  403sS1 Pressure switch
1B52624-519 47  403S5 Pressure switch
1B52624-519 55 403sé6 Pressure switch
1B53920-501 047  403A73 Chill feed duct check valve
1B53920-503 059 LOX C/D duct Chill feed duct check valve
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P/N S/N Ref. Location Name
1B53920-503 068 LH2 C/D duct Chill feed duct check valve
1B55200-505 1042 403A73A3 LH; tank press cont mod
1B55408-503 025 Str 13-14 Compressed air tank
1B57781-507 0037  403A74A2 Cold helium fill module
1B58006-401 63 403A74 1A49991, teflon wrapped
1B59010-599 126 42747 Pneu prop. control valve
1B62600-529-009C 010 403 Str 10-3/4 OyH, welded burner assy
1B62778-503 00009  403A6 Helium plenum & valve assy
1B62778-503 00010  403A7 Helium plenum & valve assy
1B65319-503 015 404A70A1 Sw sel emissivity cont assy

: 1B66639-515 040 403A19 Pneu latching actuator assy
S 1B66639-501 008 411A32L1 Pneu latching actuator assy
o 1B66692-501 127  404A44 Actuation control module
'ﬁ 1B66692-501 1i8  404A43 Actuation control module

: 1B66692-501 10 403A15 Actuation control module
oy 1B66692-501 134  403A17 Actuation control module

! 1B66692-501 175 403 Str 14 Actuation control module
i 1B66692-501 126  403A75A1 Actuation control module
K| 1B866692-501 111  404A9 Actuaticn control module

i 1B66692-501-004 20 411A30-17 Actuation coatrol module
R 1B66692-501-004 128  411A3-17 Actuation control module
-4 1B66692-501-004 132  411A2-13 Actuation control module
: 1B66868-501 39 Pos 8 Str 20 Ambient helium sphere

1B66868-501 36 Pos 9 Str 23 Ambient helium sphere
il 1B66868-501 28 Pos 10 Str 24A Ambient helium sphere
~ 1B66368-501 38 Pos 1 Str 6A Ambient helium sphere
N 1B66868-501 40 Pos 2 Str 7A Ambient helium sphere
1B866868-501 41 Pos 7 Str 18 Ambient helium sphere
1B(6868-501 37 Pos 6 Str 17 Ambient helium sphere
= 1B66868-501 42 Pos 5 Str 12 imbient helium sphere
3,4 1B66988-1 15  404A71A1 Voter regulator module
3 1B67598-501 130 403 Strx 7 Pneumatic check valve
L 1B67598-501 140 404 Str 22 Pneumatic check valve
Do 1B67598-501 141 404 Stx 22 Pneumatic check valve
1B67598-501 143 404 Str 22 Pneumatic check valve
1B67598-501 146 403 Str 7 Pneumatic check valve
1867598-501 147 403 Str 9A Pneumat i~ check valve
1B67598-503 82 403A74A3 Pneumatic cnoeck valve
1B67598-503 102 403A33A4 Pneumatic check vzlve
1B69030-501 0024  424A9 LOX NPV control valve
1B69514-501 012 404A3A9 Isolation diode module
1B69514-501 042 411A99A8 Isolation diode module

, 1R69514-501 030  404A3A55 Isolation diode module

E 1B69550-501 00016 403A74A3 Repress. control module
K 1B69550-501 00046  403A73A4 Repress. control module
S 1B74535-1 0008 Fwd Skirt LH2 tank latching relief valve
P 1B76452-501 17 404A51A4 Control relay package
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: 1B76452-501 20  404A71A19 Control relay package

: 7851823-503 1094 Pos 2 at umb Helium contrcl disconnect

. 7851823-503 1096 Pos 1 at umb Helium control disconnect
7851844-501 66 10" from F&D Cold helium disconnect
7851861-1 60 427 LH2 tank press. disconnect
40M39515-113 292  404A47A1 EBW firing unit
40M39515-113 293  404A75A2 EBW firing unit
40M39515-113 298  404A47A2 EBW firing unit
40M39515-113 299  404A75A1 EBW firing unit

: 40M39515-119 554  411A99A20 EBW firing unit

- 40M39515-119 555 411A99A12 EBW firing unit
103826 2122 401 J-2 engine
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