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1.2 

INTRODUCTION 
AS WITH ALL COMPLEX ELECTRO-MECHANICAL SYSTEMS, THERE IS A NEED FOR DETAILED PRE-PLANNED FAULT ANALYSIS. THIS ANALYSIS 
TAKES PLACE IN MANY WAYS AND IS REFLECTED IN MANY DOCUMENTS. FOR EXAMPLE, IN THE BASIC DESIGN OF THE SYSTEM, F AULT ANALYSIS 
L OGIC IS PERFORME D IN ORDER TO FULFILL THE SPECIFIC OVERALL OBJECTIVES OF END ITEM DESIGN CRITERIA. SUCH AS, "NO SINGLE MAL
F UNCTION WILL RESULT IN CATASTROPHIC FAILURE." ADDITIONAL FAULT ANA LYSIS IS PERFORMED IN THE ESTABLISHMENT OF RELIABILITY 
MATH-MODELS AND HARDWARE CRITICALITY VALUES. ALSO, MANY INDIVIDUAL AND INDEPENDENT INVESTIGATIONS ARE CONDUCTED AS A 
RESULT OF THE FUNDAMENTAL APPROACH OF HUNDREDS OF ENGINEERS INVOLVED IN THE DEVELOPMENT OF SOFTWARE PROGRAMS UTILIZED 
IN CHECKOUT AND LAUNCH ACTIVITY~ 

HOWEVER, THE STUDIES AND INVESTIGATIONS CONDUCTED THUS FAR DO NOT PROVIDE AN ADEQUATE END-TO-END F AULT ISOLATION AND 
ANALYSIS TOOL FOR THE S-IVB VEHICLE AND ASSOCIATED LAUNCH COMPLEX ESE SYSTEMS. IT IS FOR THE PURPOSE OF CREATING SUCH A 
TOOL THAT THIS DOCUMENT WAS PREPARED. 

IN ORDER TO EFFICIENTLY ANALYZE A MALFUNCTION AND CONDUCT THE NECESSARY TROUBLESHOOTING OPERATIONS, THE TEST ENGINEER 
MUST BE EQUIPPED WITH AS MUCH TECHNICAL BACKGROUND AND INFORMATION AS POSSIBLE UNDER ONE COVER. SYSTEM DESCRIPTIONS, 
SYSTEM SCHEMATICS, AND LOGIC DIAGRAMS IS THE INFORMATION REQUIRED TO PROCEED RAPIDLY THROUGH THE PROCE:SS OF DETECTION, 
PROTECTION, ISOLATION, CORRECTION, AND VALIDATION IS PRESENTED IN A CONCENTRATED FORMAT. 

THE INTENDED EMPHASIS OF THIS DOCUMENT HAS BEEN PLACED ON FAULT ISOLATION WHEREBY THE TEST ENGINEERS MAY UTILIZE 
SUBSYSTEM OR COMPONENT DRAWINGS TO AFFECT TROUBLESHOOTING AFTER THE PROBLEM HAS BEEN SUFFICIENTLY ANALYZED TO THAT 
LEVEL. HOWEVER, IT IS HOPED THAT THIS DOCUMENT WILL ALSO PROVIDE ADDITIONAL BENEFITS AVAILABLE THROUGH EXPANSION OF THE 
TECHNIQUES AND DISCIPLINES USED IN ITS CREATION. THESE ADDITIONAL BENEFITS ARE LEFT TO THE PURVIEW OF EACH READER AND 
S-IVB ORGANIZATIONAL ELEMENT. 

PURPOSE 
THE PURPOSE OF THIS DOCUMENT IS TO PROVIDE A COMPACT SOURCE OF INFORMATION SUFFICIENT TO GAIN SYSTEM KNOWLEDGE OF THE 
S-IVB VEHICLE AND GSE AND TO PRESENT A GUIDE FOR THE FAULT ISOLATION OF CRITICAL S-IVB STAGE AND GSE MALFUNCTK)NS. 

SCOPE 
THIS DOCUMENT CONTAINS SYSTEM DESCRIPTIONS, SYSTEM SCHEMATICS AND LOGIC DIAGRAMS FOR USE IN THE PRE- PLANNED STUDY 
OF CRITICAL S-IVB STAGE AND GSE MALFUNCTIONS. THIS DOCUMENT MAY ALSO BE USED AS A TRAINING AID TO NEWLY ASSIGNED 
ENGINEERING PERSONNEL, OR BY ENGINEERS DESIRING INFORMATION IN A FIELD OUTSIDE OF THEIR WORK EXPERIENCE, FURTHERMORE, 
THIS DOCUMENT MAY BE UTILIZED BY TEST MANAGEMENT TO TRACK TROUBLESHOOTING OPERATIONS, PRESENTING A COMPREHENSIVE 
DESCRIPTION OF THE PROGRESS OF THE ANALYSIS, AND THUS ASSIST THEM IN DETERMINING THE RESULTING IMPACT ON TEST OPERATIONS. 

1.4 



TO SIMPLIFY THE INITIATED STUDY, ONLY CRITICAL MEASUREMENTS WERE USED IN EACH SYSTEM. THE MOST CRITICAL MEASUREMENTS, THE LAUNCH MISSION RULES REDLINES, ALONG WITH OTHER MEASUREMENTS SUCH AS REDLINE BACK-UPS AND BLUELINES WERE USED TO SUPPORT TROUBLESHOOTING. 

AN ADDITIONAL REQUIREMENT OF THIS DOCUMENT WAS TO COMPILE ELECTRO-MECHANICAL SYSTEM SCHEMATICS WITH SUFFICIENT CONTINUITY TO DESCRIBE T HE CONTROL NE T WORKS , INSTRUMENTATION, AND MECHANICAL DESIGN ELEMENTS ON ONE DRAWING. THIS WAS ACCOMPLISHED BY THE OMISSION OF SOME DETAILED INFORMATION SUCH AS CONNECTOR PIN NUMBERS. BUT IN EACH CASE THE DOCUMENTS FROM WHICH THESE SCHEMATICS WERE DERIVED ARE REFERENCED DOWN TO THE PAGE NUMBER, SO THAT WHEN THE FAULT HAS BEEN SUFFICIENTLY ISOLATED, THE RELEASED SUBSYSTEM DRAWING CAN BE UTILIZED FOR EXTENSIVE TROUBLESHOOTING AS REQUIRED . 

THE LATEST VEHICLE AND ESE SCHEMATIC CONFIGURATION AVAILABLE ON AS-510 AND LAUNCH COMPLEX 39 t-t AS OF APRIL, 1971, WAS USED FOR THIS REVISION. DISCUSSION CONCERNED WITH THE UPDATING OF THE INFORMATION CONTAINED HEREIN IS NOT WITHIN THE SCOPE OF THIS DOCUMENT. 

1.3 GUIDELINES 

t .3.1 SYSTEM SCHEMA TICS: 

t .4 

THE SYSTEM SCHEMATICS ARE PRESENTED TO SHOW A TOTAL ELECTRO-MECHANICAL CONCEPT. THE FOLLOWING RULES WERE USED IN PREPARATION OF THE SYSTEM SCHEMATICS. 

1) ESE AND STAGE CIRCUITS ARE BOTH SHOWN 
2) ESE PANELS ARE IDENTIFIED 
3) STAGE REFERENCE DESIGNATIONS ARE SHOWN 
4) ALL RELAYS ARE IDENTIFIED ALONG WITH A PAGE REFERENCE TO THE ESE OR STAGE SCHEMATICS 5) DDAS MEASUREMENTS AND CHANNEL ASSIGNMENTS ARE SHOWN. 
6) ESE DISCRETE NUMBERS ARE SHOWN 
7) MECHANICAL AND ELECTRICAL INFORMATION IS SHOWN 

REVISION "A II 

NARRATIVE INFORMATION, SYSTEM SCHEMATICS, AND LOGIC DIAGRAMS WERE THE ONLY ITEMS UPDATED. FLOW CHARTS AND MALFUNCTION _MATRICES WERE .t-lOT ATTEMPTED TO BE UPDATED. THE TABLE OF CONTENTS HAS BEEN MODIFIED TO ILLUSTRATE SPECIFICALLY WHAT PAGES WERE UPDATED AND WHAT EXACTLY THE NEW REV. ''A " OF THE F.I.G. DOCUMENT CONTAINS. THE REVISED PAGE NUMBERS ARE COMPATIBLE WITH INSERTING INTO THE ORIGINAL DOCUMENT, OR THE REVISED F.1.G. DOCUMENT MAY BE USED AS IS. IN ORDER TO USE THE REVISED DOCUMENT AS DISTRIBUTED, IT WAS NECESSARY TO REPRODUCE SOME ORIGINAL VELLUMS WHICH DID NOT REQUIRE UPDATE. THE TABLE OF CONTENTS CLEARLY DEFINES EACH SHEET'S UPDATE CONFIGURATION. 
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2.0 LEGENDS 

2.1 SCHEMATIC SYMBOLS 

[ xxxx ]? ~ [xxxx J 

L-
--, 

DEFINITION 

RELAY COIL AND CONTACTS 
REFERENCE INFORMATION IN 
BRACKET REGARDING LOCATION 
OF OTHER CONTACTS OR COILS 
ON RELEASED SCHEMATICS 

[ESE-XXX] 
[P-XXX] 

[c-ct/3] 
[ I-C3/4] 

DIODE 

IS ESE PAGE XXX 
IS PWR PAGE XXX 

IS.lJ.CONT. SEQ. 1 SHT. 3 
IS~INST. SEQ. 3 SHT. 4 

ZENER DIODE 

NPN TRANSISTOR 

PNP TRANSISTOR 

CAPACITOR 

RESISTOR 

CIRCUIT BREAKER 

< 

[ 

-T 

ffi 

ELECTRICAL BUS 

INDUCTOR 

MOTOR 

SOLENOID VALVE 
(DOTTED LINE GO TO VALVE OPERATED 
BY SOLENOID) 

SHUNT 

BATTERY 

FUSE 

HEATER 

CONTINUATION SYMBOL 
N IS THE FIND NUMBER 
M IS THE PAGE NUMBER 
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CD 

ft 

VsTRJP CHART 

DO-XXX 

~ 

PANEL LIGHT 
X MAY INDICATE COLOR 
I.E. R=RED G=GREEN 

PRESSURE SWITCH. SHdWN IN 
DEPRESSURIZED STATE UNLESS 
OTHERWISE SPECIFIED 

PANEL METER - (ASSOCIATED 
METER CIRCUIT) 

3 POSITION 

PUSH BUTTON SWITCH 

INDICATES THAT SIGNAL IS 
DISPLAYED ON THE EVENTS PANEL 

INDICATES THAT THIS MEASUREMENT 
IS DISPLAYED ON A STRIP CHART 

COMPUTER DISCRETE 
DI INDICATES AN INPUT 

DO INDICATES AN OUTPUT 

MOBILE LAUNCHER COMPUTER 
DISCRETE INPUT WITH PARALLEL 
INPUT TO DIGITAL EVENTS EVALUATOR 

PRESSURE TRANSDUCER 

s 
5 

* XXX DDAS 

... 

INTEG 

l 

► ... 

0 
1 

& 

OPEN 
---4 
CLOSE 

(MEAS NO.) 

MOBILE LAUNCHER DISCRETE WITH 
INPUT TO DEE ONLY 

INDICATES MEASUREMENT ON DDAS 
MEASUREMENT NO. , XDUCER RANGE 
AND CHANNEL ASSIGNMENT ARE SPECIFIED 
IN BLOCK. XXX INDICATE S GND OR 
VEHICLE, • INDICATES MEAS. IS REDUN
DANTLY XMITTED ON THE Dlt LINK. 

INDICATES SIGNAL TO INTEGRATION 
DISTRIBUTOR. 

CONTROL PNEUMATICS 

FUEL FLOW (LH2 OR GH2) 
(MMH) 

(LOX OR GOX) 
OXIDIZER FLOW (N

2
0

4
) 

PRESSURIZATION HELIUM 

HELIUM BOTTLE 

PNEUMATICALLY OPERATED VALVE SHOWING 
OPENING AND CLOSING PNEUMATICS WHAT
EVER IS APPLICABLE. XX MAY INDICATE: 

M/L = MECH LATCH 
N.C. = NORMALLY CLOSED 
N.O. =NORMALLY OPEN 

TEMPERATURE TRANSDUCER 
2-2 



rn 
D 

-------------ti X 1-----

------0-
, .. , OR >I 

CJ 

FLOW METER 

PRESSURE REGULA TOR 

PLENUM CHAMBER 

CHECK VALVE 

ORIFICE 

PUMP 

TEMP SENSOR 

FILTER 

VALVES - AREAS NOT CROSS HATCHED 

INDICATE FLOW PATH. ARROWS INDICATE 

DIRECTION OF ROTATION UPON ACTUATION 

VALVES XX INDICATES N.C. OR N.O. 

N.C. NORMALLY CLOSED 
N.O. NORMALLY OPEN 

2.2 FLOW CHART SYMBOLS; 
SYMBOL 

0 

START OF ROUTINE 

INTERROGATION 

NARRATIVE (INFORMAT ION) 

TUTORIAL (INSTRUCTION) 

PRE-DEFINED PROCESS 

OFF PAGE CONNECTOR 

ON PAGE CONNECTOR 

INFORMATION 
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2.3 LOGIC SYMBOLS 

SYMBOL 

0 

DEFINITION 

AND GATE 

OR GATE 

ARROW INDICATES THAT THIS 
SIGNAL MUST BE ON TO ENABLE 
THE GA TE OUTPUT TO BE ON 

CIRCLE INDICATES THAT SIGNAL 
MUST BE OFF TO ENABLE THE 
GA TE OUTPUT TO BE ON 

TIMING SYMBOL 
NUMBER INDICATES TIME INTERVAL 
AND THE LET TER INDICATES TIME 

S =SECONDS, U= MICRO-SECONDS, 

M = YHLLISECONDS 

ON PAGE CONNECTION 

OFF 

+20Dt41 

AUTO 

+ 20Dt4t 

ON 

---<> 

C 
0 
M 
p 

u 
T 
E 
R 

J I 

C7\ 

K 0 

s 0 

R 

(RELAY NO) 

DIAMOND FLAG 
USED TO SHOW SIGNALS THAT ARE 
INDICATIONS AND HA VE NO CONTROL 
FUNCTION 

COMPUTER SWITCH INTERFACE 
ON ISSUE MDO ON/ OFF AND INHIBIT 
AUTO ISSUE MDO OFF IF ON AND 

RELEASE INHIBIT 
OFF ISSUE MDO OFF/ ON AND INHIBIT 

INVERTER 

COMPUTER DISCRETE 
INTERFACE 

J-K FLIP FLOP 
A 0 1 0 1 

C'JI = PRESENT STATE 
B 0 0 1 1 

0 1 0 
C11+1=NEXT STATE 

0 0 0 

C ~+1 

MAG. LATCH RELAY (FLIP FLOP) 
SHOWN IN RESET STATE: 
'1011 OUTPUT GOES TO 11 1 11 AT SET 
11 1 11 OUTPUT GOES TO 110 11 AT SET 
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3,0 

3. 1 
I . 

POWER DISTRIUBTION 
SYSTEM DESCRIPTION 
GENERAL DESCRIPTION 
A. INTRODUCTION 

FOR THE PURPOSE OF THIS DOCUMENT, POWER DISTRIBUTION SYSTEM WILL MEAN THE FOLLOWING: 
1, THAT PORTION OF SATURN V ELECTRONIC SUPPORT EQUIPMENT (ESE) THAT SUPPLIES POWER TO SIVB ORIENTED GROUND SUPPORT 

EQUIPMENT (GSE). 
2. THE SIVB POWER ORIENTED FLIGHT HARDWARE . 
3. THE FLIGHT AND ESE CIRCUITS USED TO CONTROL AND MONITOR 1 AND 2 ABOVE. 

NOTE: IN CASES INVOLVING OVERLAP OF RESPONSIBILITY (POWER SOURSES NOT EXCLUSIVELY FOR SIVB USE) 
ONLY THE SIVB APPLICATION WILL BE CONSIDERED. 
EXAMPLE: REF. FIG. 7 (REDUNDANT POWER) 

THE GSE POWER IS SUPPLIED BY MOBILE LAUNCHER (ML) POWER SUJ:>PLIES AND IS DISTRIBUTED TO THE SIVB STAGE AND THROUGHOUT THE 
SIVB MOBILE LAUNCHER EQUIPMENT. THREE 28VDC AND ONE 56VDC POWER SUPPLIES ARE USED. AL THOUGH THESE HAVE LOCAL MOBILE 
LAUNCHER CONTROL, ONLY REMOTE CONTROL FROM LAUNCH CONTROL CENTER (LCC) WILL BE CONSIDERED. 

EACH POWER SUPPLY HAS BUI"-" TIN PROTECTION FOR OVER-VOLTAGE, UNDER-VOLTAGE, OVER-CURRENT AND OVER-TEMPERATURE . BUILT
IN PROTECTION IS SUPPLEMENTED BY EXTERNAL PROTECTION FOR VOLTAGE (OVER AND UNDER VOLTAGE MONITORS) AND CURRENT (FUSES) . 
SINCE EXTERNAL PROTECTION FOR THESE FUNCTIONS FURNISH PROTECTIVE ACTION AT PARAMETER LEVELS WELL WITHIN THE SAFE LIMITS 
OF BUILT-IN PROTECTION, NO FURTHER MENTION OF BUILT-IN PROTECTION WILL BE MADE. 

NOTE: AC POWER TO ML POWER SUPPLIES IS PROTECTED BY CIRCUIT BREAKERS. 

THE ML POWER SUPPLY REGULATORS SENSE LOCALLY OR, IF SIVB STAGE POWER IS APPLIED (EXTERNALLY) , FROM SIVB STAGE BUSES. 
THIS ASSURE$ UNIFORM VOLTAGE AT THE APPROPRIATE BUS-IN ADDITION, SHOULD A ML POWER SUPPLY OUTPUT VOLTAGE REACH A PRE
DETERMINED MAXIMUM OR MINIMUM, ITS ASSOCIATED OVER AND UNDER VOLTAGE MONITOR WILL TRANSFER THE LOAD TO A BACKUP BATTERY. 

NOTE: FIGURES 3A THROUGH 30 ARE SIMPLIFIED SCHEMATICS FOR THE DERIVATION OF THE PRINCIPAL ESE BUSES. 
NOTICE+ 230210 CAN BE USED AS A REDUNDANT POWER SUPPLY FOR 40100, 40200 AND 40300. THIS CAPABILITY 
IS NOT USED IN COUNTDOWN CONFIGURATION. SHOULD A BACKUP BATTERY NOT BE AVAILABLE DURING CHECK
OUT, THIS SOURCE SERVES AS A BACKUP. ALSO NOTICE THE BACKUP BATTERIES SUPPLY TWO VOLTAGE LEVELS. 
THE LOWER LEVEL VOLTAGE IS DIRECTLY (EXCEPT FOR BLOCKING DIODES) IN PARALLEL WITH ITS ASSOCIATED 
POWER SUPPLY. IF, FOR ANY REASON, THE ML POWER SUPPLY IS SWITCHED OFF, THE LOWER 8ACKUP BATTERY 
VOLTAGE ASSUMES THE LOAD AND IS USED AS A POWER SOURCE FOR SWITCHING THE HIGHER BACKUP BATTERY 
VOLTAGE ON LINE, THIS ASSURES THE PRINCIPAL BUS A TRANSIENT LEVEL NOT LOWER THAN THE ASSOCIATED 
BACKUP BATTERY LOWER LEVEL VOLTAGE. 

FIGURES 3A THROUGH 3D ALSO SHOW FUSING AND CIRCUIT BREAKER PROTECTION LEVELS FOR PRINCIPAL BUSES. 

B. s1vs/v ESE AND STAGE BUSES 
1 • LCC BUSSE S 

10 VOLT SUSSES 
+24D810 BUS SUPPLIES FROM S-IVB DIGITAL RECEIVING STATION AND USED FOR REFERENCING STAGE DDAS ANALOG SIGNALS. 
+240910 BUS SUPPLIED FROM 1.U. DIGITAL RECEIVING STATION AND USED FOR REFERENCING STAGE DDAS ANALOG SIGNALS. 
+340810 BUS SUPPLIED FROM SYSTEMS INTEGRATION AND USED FOR REFERENCING GROUND DDAS ANALOG SIGNALS. 
+34D910 BUS SUPPLIED FROM SYSTEMS INTEGRATION AND USED FOR REFERENCING GROUND DDAS ANALOG SIGNALS. 
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+200233 BUS SUPPLIED FROM 200200 POWER SUPPLY THAT CONTROLS RELAY LOGIC TO ENABLE 4DX00 POWER 
SUPPLIES. 

+200133 BUS SUPPLIED FROM 200100 POWER SUPPLY THAT ENABLE SWITCHES IN THE DC POWER SUP CONTROL PANEL. 
+ 28-VOL T SUSSES 
+200141 BUS SUPPLIED FROM 200100 POWER SUPPLY -MANUALLY SWITCHES ON AND OFF. SUPPLIES HARDWIRE LIGHT FUNCTIONS AND 

COMPUTER INTEGRATED SWITCH FUNCTIONS. 
+KDP-4 BUS IS USED TO POWER PROPELLANT LOADING MASS DECODERS AND INDICATORS ON PROPELLANT MONITOR PANEL. 
+ 200241 BUS IS SUPPLIED FROM 200200 POWER SUPPLY AND IS MANUALLY SWITCHED ON AND OFF. HARDWIRE SWITCH FUNCTIONS USE 

THIS POWER. 

2. MOBILE LAUNCHER AND STAGE BUSES 
5-VOL T SUSSES 

+ 4081 STAGE MEASURING BUS FWD . NO. 1 SUPPLIED FROM 4031 . 
t-4O82 STAGE MEASURING BUS AFT SUPPLIED FROM 4031. 
+ 4083 STAGE MEASURING BUS FWD. NO. 2 SUPPLIED FROM 4021. 
+40810 ESE GROUND MEASURING BUS ENERGIZED WHEN GROUND MEASURING SWITCH IS POSITIONED ON. 

20--VOL T SUSSES 
+4051 STAGE INSTRUMENTATION BUS 
-4071.1 STAGE INSTRUMENTATION BUS -20VDC GENERATED BY THE FWD. 5VDC EXCITATION MODULE. 
-4071.2 STAGE INSTRUMENTATION BUS -20VDC GENERATED BY THE AFT 5VDC EXCITATION MODULE. 

28-VOL T SUSSES 
+4010 SUPPLIED DIRECTLY FROM AFT BATTERY NO. 1 
+4011 STAGE BUS SUPPLIED FROM 40111 BEFORE POWER TRANSFER AND 4010 AFTER TRANSFER TO INTERNAL. 
+4012 APS MODULE I POWER SUPPLIED FROM 4011 STAGE BUS. 
+4D13 APS MODULE II POWER SUPPLIED FROM 4011 STAGE BUS. 
+4D15 SEQUENCER BUS SUPPLIED FROM 4011 STAGE BUS. 
+4020 SUPPLIED DIRECTLY FROM FORWARD BATTERY NO. 2. 
+4021 STAGE BUS SUPPLIED FROM 40211 BEFORE POWER TRANSFER AND 4020 AFTER POWER TRANSFER TO INTERNAL. 
+4030 SUPPLIED DIRECTLY FROM FORWARD BATTERY NO. 1 
+4031 STAGE BUS SUPPLIED FROM 4D311 BEFORE POWER TRANSFER AND 4D30 AFTER POWER TRANSFER TO INTERNAL. 
+4D110 ESE BUS NO. 1 SUPPLIED FROM 4D100 POWER SUPPLY. MANUALLY SWITCHES ON AND OFF. 
+40111 STAGE BUS SUPPLIED FROM 40110 BUS THROUGH POWER CONT ACTOR. DE- ENERGIZED WHEN POWER TRANSFER TO INTERNAL IS 

COMPLETE . 
+4D119 ESE AND STAGE INDICATION BUS ENERGIZED WHEN THE COMMIT SIGNAL IS NOT PRESENT, ALL PLUGS ARE CONNECTED, AND THE 

INDICATION BUS SWITCH IS ON. THIS BUS MAY ALSO BE ENERGIZED BY THE SIMULATED FLIGHT SWITCH 'AND DE- ENERGIZED BY THE 
PLUG DROP TEST. THE COMMIT SIGNAL DE- ENERGIZES THE BUS DURING NORMAL SEQUENCE. 

+4D121 STAGE BUS SUPPLIED FROM 40211 . CONTROLLED BY CHECKOUT MEASUREMENT GROUP SWITCH. 
+4D131 ESE COMMIT BUS SUPPLIED FROM 4D11 O. IT IS ENERGIZED WHEN STAGE POWER ON COMMAND IS GIVEN AND COMMIT SIGNAL IS 

NOT PRESENT. BUS IS DE- ENERGIZED WHEN COMMIT SIGNAL IS GIVEN. 
+4D151 ESE PRE LAUNCH BUS SUPPLIED FROM 4011 O. ENERGIZED WHEN SIVB POWER ON IS GIVEN AND COMMIT SIGNAL IS NOT PRESENT 

AND S- IC FUNCTION SELECTOR IS IN THE PRE LAUNCH POSITION. DE- ENERGIZED WHEN S- IC FUNCTION SELECTOR IS MOVED TO THE 
LAUNCH POSITION. 

+4D152 ESE PRE LAUNCH Oz-Hz BURNER BUS. 
+4D210 ESE BUS NUMBER 2 SUPPLIED FROM 40200 POWER SUPPLY. MANUALLY SWITCHED ON AND OFF. 

REV.A 
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+40211 STAGE BUS SUPPLIED FROM 40210 BUS THROUGH POWER CONTRACTOR. DE-ENERGIZED WHEN POWER TRANSFER IS COMPLETE. 
40310 ESE BUS NO. 3 SUPPLIED FROM 40300 PO\AE R SUPPLY. MANUALLY SWITCHED ON AND OFF. 

+40311 STAGE BUS SUPPLIED FROM 40310 BUS THROUGH POWER CONTRACTOR. DE-ENERGIZED WHEN POWER TRANSFER IS COMPLETE. 
+400185 BUS IS USED TO POWER INDICATORS FOR PROPELLANT LOADING. 

56-VOL T SUSSES 
+4040 SUPPLIED DIRECTLY FROM STAGE AFT BATTERY NO. 2. 
+4041 STAGE BUS SUPPLIED FROM 40411 BEFORE POWER TRANSFER AND 4040 AFTER POWER TRANSFER TO INTERNAL. 
+40410 ESE BUS NO. 4 SUPPLIED FROM 40400 POWER SUPPLY. MANUALLY SWITCHED ON AND OFF. 
+40411 STAGE BUS SUPPLIED FROM 40410 THROUGH POWER CONTACTOR ENERGIZED WHEN 40411 ON COMMAND IS GIVEN. DE - ENERGIZED 

WHEN SIVB POWER TRANSFER IS COMPLETE. 

3. SPECIAL 28-VOL T BUSES 
PLUG SUPERVISION BUS 
THIS BUS IS FED BY A SEPARATE POWER SUPPLY. IT IS USED TO VERIFY SIVB STAGE UMBILICALS ARE PROPERLY MATED BEFORE ANY 
OTHER POWER IS APPLIED TO THE SIVB. THE POWER SUPPLY IS UNGROUNDED TO AVOID POSSIBLE DAMAGE TO EQUIPMENT IN THE EVENT 
OF CABLING ERROR. 

SAFETY BUS 
BUS IS ENERGIZED WHEN VEHICLE NETWORKS (CVNP) GIVES DESTRUCT ENABLE ON COMMAND. BUS IS USED TO PROVIDE POWER TO THE 
PROPELLANT DISPERSION SYSTEM. 
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I l. DETAILED DESCRIPTION 
A. INTRODUCTION 
NO ATTEMPT WILL BE MADE TO GIVE DETAILED DESCRIPTIONS OF ALL CIRCUITS INVOLVED. IN MOST CASES, THE SYSTEM SCHEMATICS CONTAINED 
HEREIN ARE SELF-EXPLANATORY. WHEN THIS IS JUDGED NOT TO BE THE CASE, A CIRCUIT ANALYSIS WILL BE SUPPLIED. 

B. WIDE RANGE VOLTAGE MONITOR (M 5821) 40M12149 
1. INTRODUCTION 

2. 

THE 40M12149 VOLTAGE MONITOR CARD IS USED IN TWO APPLICATIONS. FOR THE 40100, 40200, 40300 AND 40400 VOL TS OK LIGHTS (REF. FIG. 10) , 
THE MODULE SUPPLIES THE STIMULUS IF THE RESPECTIVE BUS IS WITHIN ACCEPTABLE LIMITS. FOR TRANSFER TO BACKUP BATTERY (REF. 
FIGURES 2, 4, 6 AND 9) , THE MODULE INHIBITS TRANSFER IF THE POWER SUPPLY IS FURNISHING ACCEPTABLE VOLTAGE. IF THE SENSED VOLTAGE 
DEVIATES FROM THE ALLOWED RANGE, THE INHIBIT IS REMOVED AND A TRANSFER IS EFFECTED. 

CIRCUIT DESCRIPTION 
WHEN 28 voe POWER AND THE VOLTAGE BEING SENSED ARE APPLIED, THE SENSED VOLTAGE (IF IN ACCEPTABLE RANGE, EXCEEDS THE 
REFERENCE ZENER VOLTAGE) BIASES Q9 TRANSISTOR ON. NOTICE Q8 TURN ON IS NOW INHIBITED. THE 28V INPUT POWER BIASES Q3 ON WHICH 
FORWARD BIASES Q6 AND Q7 INTO CONDUCTION RANGE (Q7 IS THE OUTPUT TRANSISTOR). THE P.C. CARD CALIBRATION PROCEDURE (V-21343) 
ESTABLISHES TRIMPOT SETTINGS SUCH THAT Q4 IS ON AND THE BASE VOLTAGE OF Q8 DOES NOT REMOVE THE INHIBIT PLACED ON IT BY Q9. 
WITH Q4 ON, Q5 TURN ON IS INHIBITED. 

ASSUME THE SENSED VOLTAGE INCREASES. NOTICE THIS WOULD CAUSE AN INCREASE OF BASE VOLTAGE ON Q5. IF THE VOLTAGE INCREASE IS 
OF SUFFICIENT MAGNITUDE, THE lNHIBIT IMPOSED ON Q5 BY Q4 WILL BE REMOVED. WITH Q5 ON, Qt AND Q2 ARE BIASED ON. COUPLING CAPACITOR 
C1 SPIKES Q3 OFF AND SINCE R3>) R8+R7, Q3 STAYS OFF. WITH Q3 OFF, Q6 AND Q7 ARE NO' LONGER BIASED ON. CONSEQUENTLY, THE OUTPUT 
VOLTAGE NO LONGER ESISTS. 

ASSUME THE SENSED VOLTAGE DECREASES. AS THE SENSED VOLTAGE DECREASES, THE CURRENT THROUGH THE REFERENCE ZENERS DECREASES. 
THE RE SUL TING DECREASE OF Q9 BASE VOLTAGE TENDS TO TAKE THAT TRANSISTOR OUT OF CONDUCTION. IF THE DECREASE IS SUFFICIENT THE 
EMITTER VOLTAGE OF Q8 WILL DECREASE UNTIL THE BASE- EMITTER JUNCTION IS FORWARD BIASED. AT THIS INSTANT Q8 CONDUCTS. NOTICE 
THE COLLECTORS OF Q5 AND Q8 ARE TIED TO THE SAME BIASING NETWORK OF Q1 AND Q2. SINCE THESE TWO ARE NOW CONDUCTING, THE REMAIN
DER OF THE ARGUEMENT IS IDENTICAL TO THE LATTER PART OF THE PRECEEDING PARAGRAPH. 

TABLE I BELOW GIVES THE SETTINGS USED FOR THE VARIOUS 40M12149 MONITOR CARDS. 

NOMENCLATURE MONITOR CARD SETTING 
LOW (VDC) HIGH (VDC) 

BAT XFER 4D100 26.0 ± .2 32.0 ± .2 
BAT XFE R 40200 25.0 ± .2 32.0 ± .2 
BAT XFE R 4D300 26.0 ± .2 32.4 ± .2 
BAT XFER 4D400 53.0 ± .4 63.0 ± .4 
4D100 VOL TS OK 27.0 + ,2 30.8 ± .2 
4D200 VOL TS OK 26.5 ± .2 30.1 ± .2 
4D300 VOL TS OK 27.6 ± .2 30,8 ± .2 
4D400 VOL TS OK 54.0 -t .4 61.0 + .4 

TABLE I 
REV. A 
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C. VOLTAGE MONITOR CARD (M 5821) 40M17541 

1. INTRODUCTION 

2. 

THE 40M17541 CARD IS SIMILAR TO THE 40M12149 DESCRIBED IN B ABOVE. THE PRINCIPAL DIFFERENCE IS THE 40Mt7541 DOES NOT HAVE 

A HIGH VOLTAGE SETTING. ITS ONLY APPLICATION IS IN THE "VOLTAGE MALFUNCTION" AND "POWER TRANSFER COMPLETE" CIRCUITS 

(REF. FIG. 16). 

CIRCUIT DESCRIPTION 
THE SENSED INPUT EXCEEDS THE REFERENCE ZENER VOLTAGE AND BIASES Q7 ON. THE TRIM POT SETTING (Rt 6) IS SUCH THAT Q6 IS 

NOT ON IF Q7 IS ON. THE POWER ISOLATION MODULE INPUT TO THE VOLTAGE MONITOR CARD BIASES Q2, Q5 AND QB ON. 

ASSUME THE SENSED VOLTAGE DECREASES. THIS RE SUL TS IN A LOWER VOLTAGE ON THE BASE OF Q7. IF THE VOLTAGE DECREASE 

IS SUFFICIENT TO TAKE Q7 OUT OF SATURATION, Q6 CONDUCTS. THE BIASING NETWORK TURN Q3 AND Qt ON. COUPLING CAPACITOR 

Ct SPIKES Q2 OFF. THE BIASING NETWORK FOR Q5 AND QB NO LONGER MAINTAINS THEM IN CONDUCTION. CONSEQUENTLY, THE OUT

PUT (TRANSISTOR QB) IS NO LONGER ACTIVE. 

TABLE 2 BELOW GIVES THE SETTINGS USED FOR THE VARIOUS 40Mt7541 MONITOR CARDS. 

NOMENCLATURE MONITOR CARD SETTINGS 

LOW ONLY (VDC) 

4D11 VOL TS OK 24.0 + .2 

4D21 VOLTS OK 24.0 + .2 

4D31 VOL TS OK 24.0 ± .2 

4D41 VOL TS OK 50.0 + .4 

TABLE 2 

D. POWER ISOLATION CARD (M-6797) 40M55778 

1. INTRODUCTIOtj 

2. 

THE 40M55778 POWER ISOLATION CARDS SUPPLY 28VDC TO THE VARIOUS VOLTAGE MONITOR CARDS DISCUSSED IN BAND C ABOVE. THE 

POWER ISOLATORS ASSURE THE SENSED VOLTAGE SUPPLY AND POWER SOURCE FOR MONITOR CARDS ARE ISOLATED. 

NOTE: IN FIG. 16, M6051 POWER ISOLATORS ARE SHOWN FEEDING VOLTAGE MONITOR CARDS. 

THESE WERE PLACED IN ESE ON AN INTERIM BASIS AND WERE SUBSEQUENTLY 

REPLACED BY M6797 ISOLATORS. CONSEQUENTLY, THE M6051 ISOLATOR WILL NOT 

BE DESCRIBED. THE NEXT RELEASE OF THIS DOCUMENT WILL REFLECT THE 6797 

CARD IN THIS APPLICATION. 

CIRCUIT DESCRIPTION 
NOTICE THIS CIRCUIT DOES NOT USE THE SATURABLE CORE CHARACTERISTIC FOR FREQUENCY CONTROL. TRANSISTOR Q2 (UNIJUNCTION 

2N491) OSCILLATES AT 2 KHz AND IS CAPACITIVELY COUPLED TO THE BASES OF Qt AND Q3. WHEN THE UNIJUNCTION TRIGGERS, THE 

BISTABLE CONSISTING OF Qt AND Q3 CHANGES STATE . SINCE THE COLLECTORS OF Qt AND Q3 CONTROL BASE VOLTAGES OF Q4 AND Q5, 

THE LATTER CONDUCT WHEN THEIR RESPECTIVE BASE CONTROL TRANSISTORS CONDUCT. THE COLLECTORS OF Q4 AND Q5 ARE TRANS

FORMER COUPLED TO THE BASES OF Q6 AND Q7 . NOTICE THE TRANSFORMER ACTION CLAMPS ONE TRANSISTOR (Q6 OR Q7) OFF AND 

ESTABLISHES THE REQUIREMENTS FOR CONDUCTION FOR THE OTHER IN EACH HALF CYCLE. IN THE SUBSEQUENT HALF CYCLE THESE REV. A 

CONDITIONS ARE REVERSED. THE COLLECTORS OF Q6 AND Q7 ARE TRANSFORMER COUPLED TO THE RECTIFIED OUTPUT CIRCUIT. 3-6 



E. POWER SUPPLY REGULATION SENSING 

FIG. 17 SHOWS THE TWO MODES OF VOLTAGE SENSING USED FOR GROUND POWER SUPPLY VOLTAGE REGULATION. CONSIDER THE CASE FOR THE 
+4D100 POWER SUPPLY. BEFORE STAGE POWER IS APPLIED, THE SUPPLY IS SENSING+4D110. WHEN STAGE POWER IS APPLIED, RELAY K14 
REMOVES+4D110 SENSE AND APPLIES +4D111. RELAY K63 IS NOT USED IN THE COUNTDOWN CONFIGURATION. IT IS ACTUATED BY THE S IMULATED 
FLIGHT SWITCH AND IS ASSOCIATED WITH OVERALL TEST (OAT) POWER CONFIGURATION. 

WHEN POWER TRANSFER OCCURS (REF. FIG. 14) THE STAGE BUSES OK LOGIC EXCITES A ONE SECOND TIMER. AT THE END OF THE ONE SECOND 
INTERVAL, THE K14 RELAY OF FIGURE 17 IS DEACTIVATED AND THE SENSE INPUT IS SWITCHED TO+4D110. IN ADDITION THE UMBILICAL POWER 
INPUTS ARE DEADFACED. 

3.2 CRITICAL MEASUREMENTS 

I. REDLINES I 

A. VOLTAGE-AFT BUS NO, I (4D11) 
MEASUREMENT: M-151 
RANGE : 20---40 VDC 
REDLINE LIMITS: MAXIMUM: 31.0 VDC 

MINIMUM: 26.0 VDC 
BACKUPS BEFORE TRANSFER: C4NP HARDLINE ON + 4D11 V 

AFTER TRANSFER: 4010 STRIP CHART 

CHANNEL ASSIGNMENTS: EP1A0-09-05 

B. VOLTAGE-FWD BUS NO. 2 (4021) 

MEASUREMENT: M-152 
RANGE : 20-40 voe 
REDLINE LIMITS: MAXIMUM: 32.0 voe 

M1NIMUM: 24.5 voe 
BACKUPS BEFORE TRANSFER: C4NP HAROLINE ON -t 4021V 

AFTER TRANSFER: 4D20 STRIP CHART 

CHANNEL ASSIGNMENTS: C P 1 A 0---08-04 

C. VOLT AGE-FWD BUS NO. 1 (4031) 
MEASUREMENT: M-154 
RANGE : 20---40 voe 
REDLINE LIMITS: MAXIMUM: 32.0 VDC 

MINIMUM: 26.0 voe 
BACKUPS BEFORE TRANSFER: C4NP HAROLINE ON+ 4D31 V 

AFTER TRANSFER: 4030 STRIP CHART 

CHANNEL ASSIGNMENTS: 

D. VOLTAGE-AFT BUS NO. 2 (4D41) 
MEASUREMENT: M-153 
RANGE : 35-70 voe 

EPtA0---02-06 

REDLINE LIMITS: MAXIMUM: - 61.0 VDC 

MINIMUM: 51.0 voe 
BACKUPS BEFORE TRANSFER: C4NP HAROLINE ON+ 4D41 V 

AFTER TRANSFER: 4040 STRIP CHART 

CHANNEL ASSIGNMENTS: E P180---19-1 0 

REV. A 
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4.0 
4.1 

4.2 
4.2.1 

4.2.1.1 

PCM/DDAS SYSTEM 
SYSTEM DESCRIPTION 
THE DIGITAL DATA ACQUISITION INSTRUMENTATION SYSTEM ON THE SIVB STAGE MEASURES PHYSICAL QUANTITIES AND ELECTRICAL SIGNALS 
ONBOARD THE STAGE AND TRANSMITS THE DATA TO THE GROUND AS SHOWN IN FIGURE 4.1.1. THE TRANSMITTED DATA SUPPLIES INFORMATION 

FOR: 
A. MONITORING OF STAGE SYSTEMS DURING CHECKOUT. 
B. MONITORING OF STAGE SYSTEMS DURING POWERED FLIGHT AND ORBITAL OPERATIONS. 
C. POSTFLIGHT EVALUATION OF STAGE PERFORMANCE . 

THE DIGITAL DATA ACQUISITION SYSTEM CONSISTS OF TWO BASIC SUBSYSTEMS, THE MEASUREMENT SUBSYSTEM AND THE TELEMETRY SUB
SYSTEM. THE MEASUREMENT SUBSYSTEM CONSISTS OF TRANSDUCERS AND SIGNAL CONDITIONERS NECESSARY TO CONVERT VEHICLE FUNCTIONS 
INTO COMPATIBLE SIGNAL LEVELS FOR APPLICATION TO THE TELEMETRY SUBSYSTEM. THE TELEMETRY SUBSYSTEM CONSISTS OF Bl-LEVEL 
SUMMING MODULES, MODEL 270 PULSE AMPLITUDE MODULATION (PAM) MULTIPLEXERS, MODEL 102 REMOTE ANALOG SUBMULTIPLEXER (RASM) , 
MODEL 1D REMOTE DIGITAL SUBMULTIPLEXER (RDSM), AND A MODEL 301 PULSE CODE MODULATIOo/DIGITAL DATA ACQUISITION SYSTEM (PC~DDAS) 
ASSEMBLY. THE PCM/DDAS ASSEMBLY IS CAPABLE OF SCANNING THE WAVEFORMS FROM THE MODEL 270 PAM MULTIPLEXERS AND ENCODING 
THE WAVEFORMS INTO A 10-BIT DIGITAL PCM FORMAT. THE PCM,/DDAS ASSEMBLY ALSO ACCEPTS DIGITAL DATA FROM THE DISCRETE TYPE 
MEASUREMENTS AND FROM THE REMOTE DIGITAL SUBMULTIPLEXER. THE DIGITAL DATA IS INSERTED INTO PROGRAMMED SECTIONS ON THE SERIAL 
OUTPUT FORMAT. THE RASM ACCEPTS THE LOW VOLTAGE (0 TO 30 MV) MEASUREMENTS, MULTIPLEXES AND AMPLIFIES THESE SIGNALS, AND INPUTS 

THEM INTO THE MODEL 270 MULTIPLEXER. 

THE SIVB STAGE IS INTERCONNECTED WITH THE IU TELEMETRY SYSTEM FOR THE PURPOSE OF REDUNDANT TRANSMISSION MODE. AN ILLUSTRATION 
OF THE PCM_/bDAS TELE.METRY SYSTEM IS PRESENTED IN FIGURE 4.1.2. 

THE PC~DDAS SYSTEM IS POWERED BY THE 4D31.1 BUS WHICH IS ENERGIZED WHEN PCM GROUP POWER IS POSITIONED ON. THIS IS ILLUSTRATED 
IN FIGURE 4. 1.3. 

ANALOG PARAMETERS DESIGNATED AS FLIGHT CONTROL DATA (FCD) ARE FED IN PARALLEL TO BOTH OF THE SIVB 270 MULTIPLEXERS (CP1 BO AND 
DP1BO) . FCD BI-LEVEL OR DISCRETE FUNCTIONS ARE PLACED ON THAT MULTIPLEXER RECEIVING SYNCHRONIZATION FROM THE IU (DP1BO) AND 
ALSO ROUTED TO THE REMOTE DIGITAL SUB-MULTIPLEXER OR PC~DDAS DIRECTLY. ENGINEERING ANALOG DATA IS INPUT TO THE 270 MULTIPLEXERS. 
LOW-LEVEL ENGINEERING MEASUREMENTS LOCATED AFT ARE INPUT TO THE RASM WHILE THOSE LOCATED FORWARD REQUIRE INDIVIDUAL AMPLIFIERS. 
ENGINEERING BI-LEVELS WILL ORDINARILY BE INPUT TO EITHER THE RDSM AFT OR THE PC~DDAS FORWARD. 

TELEMETRY SUBSYSTEM 
TELEMETRY SUBSYSTEM COMPONENT DESCRIPTION 
THE FOLLOWING TELEMETRY COMPONENT DESCRIPTIONS AND ILLUSTRATIONS ARE PRESENTED TO AID THE TROUBLE SHOOTING EFFORT. 

MODEL 270 MULTIPLEXER 
THE MODEL 270 PAM MULTIPLEXER HAS 27 PRIME DATA CHANNELS PLUS 3 CHANNELS FOR REFERENCE AND SYNCHRONIZATION WITH EACH 
CHANNEL SAMPLED 120 TIMES PER SECOND. PRIME CHANNELS 1 TO 23 MAY BE SUBMULTIPLEXED INTERNALLY INTO TEN SUBCHANNELS WITH 
EACH SUBCHANNEL SAMPLED 12 TIMES PER SECOND, ALL DATA CHANNELS OF THE MULTIPLEXER MAY BE MULTIPLEXED EXTERNALLY BY 

THE REMOTE ANALOG SUBMUL TIPLEXER. 

4-1 



4.2.1.2 

4.2. 1.3 

4.2. 1.4 

A BLOCK DIAGRAM IS GIVEN IN FIGURE 4.2.3 TO SHOW THE INTERCONNECTION OF THE FUNCTIONAL UNITS. THE SUBMUL TIPLEXERS CONSIST OF TEN 

INPUT FILTERS AND DATA SWITCHES WHICH ARE CONNECTED IN PARALLEL TO PRODUCE AN ELECTRONIC SINGLE POLE - TEN POSITION SWITCH AS 

SHOWN IN FIGURES 4.2. 1 THRU 4.2.4. DUMMY SUBMUL TIPLEXER CARDS ARE USED TO PROVIDE PRIME CHANNELS FOR CHANNELS 1 THRU 23 AS 

REQUIRED. THE MAIN MULTIPLEXER CONSISTS OF 30 DATA S\MTCHES WHICH ARE ALSO CONNECTED IN PARALLEL TO PRODUCE AN ELECTRONIC 

SINGLE POLE - 30 POSITION SWITCH AS SHOWN IN FIGURE 4.2.4. 

INFL..IGHT CALIBRATION OF THE MODEL 270 MULTIPLEXERS IS INITIATED BY A TM CAL. COMMAND FROM THE SEQUENCER AS ILLUSTRATED IN F IGURE 

4-2-5. THE CALIBRATION SEQUENCE CONSISTS OF FIVE PRECISE INTERNALLY GENERATED VOLTAGE STEPS FROM OTO 5 VOL TS DC. EACH STEP IS 

APPLIED FOR THE DURATION OF ONE MASTER FRAME (10 FRAMES) , THUS REQUIRING 5 MASTER FRAMES OR APPROXIMATELY 400 MILLISECONDS FOR 

A COMPLETE CALIBRATION SEQUENCE. THE CALIBRATION VOLTAGE PROFILE AND THE LOGIC DIAGRAM OF THE CALIBRATION AND ISOLATION AMPLIFIER 

ARE GIVEN IN FIGURES 4.2.6 AND 4.2.7. 

SYNCHRONIZATION IS NORMALLY ACCEPTED FROM THE PCM/DDAS ASSEMBLY ALTHOUGH UNITS WILL OPERATE ON AN INTERNAL CLOCK IF THE 

SYNCHRONIZATION SIGNAL IS LOST. OUTPUTS ARE PROVIDED TO SYNCHRONIZE THE RASM UNITS. 

MODEL 102 REMOTE ANALOG SUBMULTIPLEXER 

THE REMOTE ANALOG SUBMUL TIPLEXER (RASM) TIME SHARES SIX GROUPS OF 10 LOW LEVEL (0 TO 30 MV DIFFERENTIAL) INPUTS AND PRODUCES SIX 

SEPERATE OTO 5 VOLT SINGLE ENDED PAM OUTPUTS. THESE OUTPUTS ARE ROUTED TO SIX PRIME CHANNELS OF THE DP1 BO (270) MULTIPLEXER. 

EACH OUTPUT CHANNEL OF THE RASM CONSIST BASICALLY OF AN ELECTRONIC TWO POLE - 10 POSITION SWITCH, AND A DIFFERENTIAL INPUT 

AMPLIFIER. A EQUIVALENT ELECTRICAL SCHEMATIC IS GIVEN IN FIGURE 4.2.8 . THE DATA SWITCH CIRCUIT AND EQUIVALENT CIRCUITS ARE GIVEN 

IN FIGURE 4.2.9. 

MODEL 1D REMOTE DIGITAL SUBMUL TIPLEXER 

THE REMOTE DIGITAL SUBMUL TIPLEXER (RDSM) ACCEPTS UP TO 100 Bl-LEVEL INPUTS. THESE INPUTS ARE SAMPLED SEQUENTIALLY IN GROUPS 

OF TEN. THE DATA LEVELS OF THESE TEN LINES IS CODED INTO ONE DIGITAL WORD, WHICH IS OUTPUT TO THE PCM/DDAS ASSEMBLY. THE RDSM 

OUTPUTS 10 WORDS (100 BITS TOTAL) TO THE PCtvyDDAS ASSEMBLY. EACH GROUP OF 10 BITS IS SAMPLED AT A RATE OF 12 SAMPLES PER SECOND. 

A BLOCK DIAGRAM OF THE RDSM IS PROVIDED IN FIGURE 4.2.10 .. THE DIGITAL GATE CARD IS COMPOSED OF 10 DIGITAL GATE CIRCUITS WHICH ARE 

EACH SWITCHED ON BY THE OUTPUT COUNT FROM THE DECODER CARD. THE EQUIVALENT CIRCUIT OF THE DIGITAL GATE CARDS AND THE ACTUAL 

CIRCUIT OF A DIGITAL GATE ARE SHOWN IN FIGURES 4.2.11 AND 4.2.12. THE DECODER CARD GENERATES 10 OUTPUT COUNTS FROM THE PCM/DDAS 

SYNC OUTPUTS (FIGURE 4.2.13). THE LOGIC LEVEL OF THE 10 INPUTS OF A CHANNEL ARE SAMPLED SEQUENTIALLY AND USED TO SET THE FLIP 

FLOP TO THE APPROPRIATE STATE. THE FLIP FLOP RETAINS THE LOGIC LEVEL UNTIL AFTER THE PCM/DDAS ASSEMBLY HAS ENCODED THE 

DIGITAL WORD. A RESET COMMAND RESETS THE FLIP FLOP PRIOR TO SAMPLING THE NEXT INPUT. 

BI-LEVEL SUMMING MODULE 
THE PURPOSE OF THE Bl-LEVEL SUMMING MODULE IS TO MULTIPLEX THREE 28 VOLT ON-OFF FUNCTIONS ON ONE PAM CHANNEL. THE SCHEMATIC 

OF THE BI- LEVEL SUMMING MODULE IS GIVEN IN FIGURE 4.2. 14. A 28V SIGNAL APPLIED TO A INPUT CHANNEL CAUSES THE APPROPRIATE TRANSISTOR 

TO CONDUCT. THIS APPLIES 20 VOL TS INTO THE SUMMING RESISTOR. THE OUTPUT VOLTAGE FOR EACH INPUT MUST CODE THE FIRST THREE BITS 

OF THE TEN BIT BINARY PCM WORD (REF. TABLE 4.2.1). 
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MODEL 301 PULSE CODE MODULATION/DIGITAL DATA ACQUISITION SYSTEM (PCM/DDAS) 

THE PCM/DDAS ASSEMBLY OPERATES AT A BIT RATE OF 72,000 BITS PER SECOND RATE AND USES NONRETURN TO ZERO (NRZ) CODING. THE 
3,600 SAMPLE PER SECOND PAM WAVETRAINS FROM THE TWO MULTIPLEXERS (SIVB CP1 BO AND IU CP1 AO) ARE FED INTO A PAM SCANNER IN 
THE PCM DDAS ASSEMBLY. THE PAM SCANNER TIME SHARES THIS DATA INTO A SINGLE CHANNEL OF DATA AT 7,200 SAMPLES PER SECOND 
AND FEEDS IT INTO AN ANALOG-TO-DIGITAL (A/D) CONVERTER. THE CONVERTER ENCODES THE DATA INTO A SERIES OF 1(}--BIT DIGITAL WORDS 
TO GIVE THE 72,000 BIT RATE OF THE SYSTEM. Bl-LEVEL PARAMETERS, MEASUREMENTS WHICH INDICATE THE EXISTENCE OF ONE OF TWO 
POSSIBLE STATES, ARE INSERTED IN GROUPS OF 10 INTO PRE-PROGRAMMED TIME SLOTS. ALONG WITH THE OUTPUT GROUPS OF BITS FROM 
THE REMOTE DIGITAL SUBMULTIPLEXER. A SYSTEM BLOCK DIAGRAM IS GIVEN IN FIGURE 4.2. 15. 

THE PCM/DDAS ASSEMBLY HAS TWO OUTPUT MODES, PULSE CODE MODULATION, AND A 600 KHZ VOLTAGE CONTROLLED OSCILLATOR. THE 
OSCILLATOR FREQUENCY IS MODULATED BY THE PULSE CODE MODULATED SIGNAL. THE PULSE CODE MODULATION SIGNAL IS ROUTED 
DIRECTLY TO A RF TRANSMITTER (CP1 LINK) WHICH TRANSMITS THE INFORMATION TO THE GROUND STATION. THE 600 KHZ SIGNAL IS ROUTED 
TO THE GROUND STATION THROUGH THE UMBILICAL CABLE AND IS USED FOR CHECKOUT OPERATIONS. 

PCM/DDAS TELEMETRY FAULT ISOLATION 
THE FAULT ISOLATION ROUTINES FOR THE PCM/DDAS TELEMETRY SUBSYSTEM ARE PRESENTED IN THIS SECTION 0 THEY CAN BE USED AS 
AIDS IN ANY TROUBLE SHOOTING EFFORT THAT MAY BE ENCOUNTERED AS A RESULT OF AN INDICATED TELEMETRY SYSTEM FAILURE. THE 
STAGE IS CONSIDERED TO BE IN NORMAL CONFIGURATION, AND STAGE POWER IS APPLIED ON THE SIVB AND IU STAGES. 

IT IS REALIZED THAT THE FAULT ISOLATION ROUTINES OFFER ONLY ONE APPROACH TO ISOLATING THE PROBLEM, HOWEVER, THE ROUTINES 
HAVE BEEN PREPARED IN THE ABSENCE OF COUNTDOWN ANXIETIES AND IT IS FELT THAT THE PRE-PLANNED EFFORT INHERENT IN THE 
ROUTINES DOES PRESENT A DIRECT AND SYSTEMATIC APPROACH TO ISOLATING THE FAILURE QUICKLY AND EFFICIENTLY. THE FAULT 
ISOLATION ROUTINES ARE LISTED BELOW ACCORDING TO THE NORMAL CONDITIONS THAT WOULD INDICATE A SYSTEM FAILURE. 

PCM GROUP POWER ON INDICATION OFF 
PCM/DDAS 600 KHZ SIGNAL FAILURE: 
LOSS OF SIVB DATA VALID 
LOSS OF IU DATA VALID 
PCM/DDAS CHANNEL FAILURE 

MEASUREMENT SUBSYSTEM COMPONENT DESCRIPTION 
TRANSDUCERS 
A TRANSDUCER IS A DEVICE FOR CHANGING ENERGY FROM ONE FORM TO ANOTHER. IN MEASURING TECHNIQUES, THEY ARE USED AS 
ELECTROMECHANICAL MEASURING INSTRUMENTS WHICH CONTAIN SENSING DEVICES FOR CONVERTING MECHANICAL AND ENVIRONMENTAL 
QUANTITITES INTO ELECTRICAL SIGNALSo THE FOLLOWING PARAGRAPHS CONTAIN A BRIEF DESCRIPTION OF SOME TYPICAL S-IVB- 503N 
TRANSDUCERS. 

TEMPERATURE MEASUREMENTS 
THE MAJORITY OF TEMPERATURE MEASUREMENTS ON THE S-IVB STAGE UTILIZE RESISTANCE THERMOMETERS WHICH ARE EXTREMELY 
ACCURATE, POSITIVE TEMPERATURE COEFFICIENT RESISTORS. A TYPICAL RESISTANCE THERMOMETER TYPE OF TRANSDUCER IS C0132-414 
(TEMPERATURE OXIDIZER TANK OUTLET MODE 1 (APS)), TELEMETRY CHANNELS CP180-11-04 AND DP180-11-04 WI TH A RANGE FROM 460 DEG 
TO 590 DEG R. DATA REDUCTION IS ACCOMPLISHED BY MEANS OF A STRAIGHT-FORWARD TEMPERATURE-VERSUS RESISTANCE METHOD. THE 
SIGNAL FROM THE TRANSDUCER IS SENT TO A BRIDGE ASSEMBLY AND THEN TO A DC AMPLIFIER WHICH INCREASES THE VOLTAGE LEVEL TO 
THE REQUIRED (}--5V TELEMETRY INPUT. THIS SIGNAL THEN GOES TO THE MULTIPLEXER. TWO BASIC TYPES OF TEMPERATURE MEASUREMENT 
DEVICES ARE ILLUSTRATED IN FIGURE 4.3-1. 
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4.3. 1.5 

4.3. 1.6 

PRESSURE MEASUREMENTS 
THE TYPES OF TRANSDUCERS MOST COMMONLY USED FOR PRESSURE MEASUREMENT ARE THE POTENTIOMETER AND THE STRAIN GAGE. THE 
POTENTIOMETER TRANSDUCER IS, BASICALLY, A WIRE WOUND POTENTIOMETER WITH THE WIPER MECHANICALLY CONNECTED TO A PRESSURE 
COMTROLLED BELLOWS OR BOURDON TUBE (SEE FIGURE 4.3-2). THE OUTPUT VOLTAGE IS OBTAINED BY APPLYING 5 voe TO THE POTENTIO-
METER, WITH THE OUTPUT VARYING BETWEEN O V - 5 V DEPENDING ON THE POSITION OF THE WIPER. SINCE THE OUTPUT IS WITHIN THE LIMIT 
REQUIRED BY THE TELEMETRY SYSTEM NO SIGNAL CONDITIONING IS NECESSARY. AN EXAMPLE OF A TYPICAL POTENTIOMETER TYPE TRANS
DUCER IS D0041-403 (PRESSURE - HYDRAULIC SYSTEM) , 1,500 - 4,500 PSIA RANGE, TELEMETRY CHANNELS CP180-13- 05 AND DP180-13- 05. A N 
EXAMPLE OF THIS TYPE TRANSDUCER IS ILLUSTRATED IN FIGURE 4.3-3 . 

EACH STRAIN GAGE TRANSDUCER CONSISTS OF FOUR INDIVIDUAL STRAIN GAGES MECHANICALLY CONNECTED TO A PRESSURE SENSITIVE DIAPHRAGM 
AND ARRANGED IN SUCH A MANNER THAT COMPRESSION ON TWO OF THE GAGES RE SUL TS IN TENSION ON THE OTHER TWO. THIS ACTION RE SUL T S IN 
AN OUTPUT WHEN THE STRAIN GAGE TRANSDUCER IS EXCITED BY AN EXTERNAL VOLTAGE. THE OUTPUT VOLTAGE OF THE STRAIN GAGE IS 
APPROXIMATELY 40 MV. THEREFORE, THE SIGNAL MUST BE FED INTO A DC AMPLIFIER, EITHER AN INTEGRAL PART OF THE TRANSDUCER OR A 
SEPERATE UNIT ON A SIGNAL CONDITIONING PANEL, BEFORE IT CAN BE APPLIED TO THE MULTIPLEXERS. A TYPICAL STRAIN GAGE TRANSDUCER 
IS D0019- 401 (PRESSURE - ENGINE CONTROL HELIUM SPHERE), TELEMETRY CHANNELS CPl 80-13-04 AND DPIB0-13-04, AND A RANGE OF OTO 3,500 PSIA. 

FLOWRATE MEASUREMENTS 
THE FLOWRATE MEASUREMENTS ARE MADE BY FLOWMETERS WHICH CONVERT THE RATE OF FLOW OF A FLUID WITHIN A PIPE INTO AN ELECTRICAL 
SIGNAL (SEE FIGURE 4.3.....:4). THE FLOW METER CASING CONSISTS OF A SHORT PIECE OF PIPE FORMING PART OF A FLUID-FLOW LINE AND CONTAINING 
A FREE-RUNNING TURBINE. EXTERNAL TO THE CASING IS A COIL SURROUNDED BY A PERMANENT MAGNETIC FIELD. FLUID PUMPED THROUGH THE 
FLOWMETER CAUSES THE TURBINE TO TURN AT A RATE DIRECTLY PROPORTIONAL TO THE VELOCITY OF THE FLUID. THE METAL TURBINE BLADES 
DISTURB THE MAGNETIC FIELD, INDUCING A CURRENT IN THE COIL. EACH T IME A BLADE DISTURBS THE FIELD THE CURRENT FLOWS. THE FRE
QUENCY OF THESE CURRENT CHANGES IS DIRECTLY PROPORTIONAL TO THE TURBINE SPEED AND THEREFORE FLUID FLOWRATE. THE AC OUTPUT 
SIGNAL IS SENT TO A FREQUENCY-TO-DC CONVERTER AND THEN TO THE 270 MULTIPLEXER. A TYPICAL FLOWMETER IS F0004-424 (FLOWMETER
OXIDIZER CIRCULATION PUMP) , TELEMETRY CHANNEL DP180-21-03, WITH A RANGE OF OTO 50 GPM. AN ILLUSTRATION OF THIS MEASUREMENT IS 
PRESENTED IN FIGURE 4.3-4. 

LIQUID LEVEL 
THE LIQUID-LEVEL SENSORS ARE THE CAPACITIVE TYPE CONSISTING OF AN AIR-GAP CAPACITANCE SENSOR AND A CONTROL UNIT HAVING A RELAY AS 
AN OUTPUT (SEE FIGURE 4.3-5) . THE DRY SENSOR INCREASES IN CAPACITAl".-JCE WHEN IMMERSED IN LIQUID OXYGEN OR LIQUID HYDROGEN DUE TO THE 
HIGH DIELECTRIC CONSTANT OF THE LIQUID. THE CONTROL UNIT DETECTS THE INCREASED CAPACITANCE OF THE SENSOR AND ENERGIZES AN INTERNAL 
RELAY. THE RELAY CONTACTS SWITCH THE 5 V INSTRUMENTATION EXCITATION GIVING A DISCRETE OUTPUT. A TYPICAL LEVEL SENSOR IS L00l 4-408 
(LEVEL-LIQUID HYDROGEN TANK, POSITION A) , TELEMETRY CHANNEL CP1 B0-09R07- 04. 

VIBRATION (OPTIONAL - DEPENDENT UPON MISSION REQUIREMENTS) 
THE VIBRATION SENSORS ARE PIEZOELECTRIC ACCELEROMETERS WHICH CONSIST OF A SEISMIC MASS WHICH APPLIES FORCE TO A PIEZOELECTRIC 
CRYSTAL, CAUSING IT TO GENERATE AN ELECTRICAL SIGNAL. THE ELECTRICAL OUTPUT IS PROPORTIONAL TO THE FORCE APPLIED TO THE CRYSTAL 
AND THEREFORE, TO THE AMPLITUDE OF THE VIBRATION. A TYPLICAL VIBRATION MEASUREMENT IS E0042- 403 (VIBRATION, THRUST STRUCTURE AT 
HELIUM BOTTLE - PITCH) , TELEMETRY CHANNEL DFl- 14. 

ACCELERATION (OPTIONAL - DEPENDENT UPON MISSION REQUIREMENTS) 
THE ACCELERATION SENSORS ARE OF A OIL DAMPED FORCED BALANCE LINEAR SERVO-ACCELEROMETER WHICH MEASURES THE ACCELERATION DURING 
LAUNCH OF THE VEHICLE. THE ACCELEROMETER FUNCTIONS AS A MINIATURE SERVO SYSTEM RESPONSIVE TO INPUT ACCELERATIONS ALONG ITS SENSITIVE 
AXIS. INPUT ACCELERATION CAUSES A FORCE WHICH TENDS TO MOVE A SEISMIC MASS AND OFF SETS THE SERVO 1S BALANCE . THIS OFF SET IS 
DETECTED AND A SERVO-NULLING AMPLIFIER REQUIRES A GIVEN PRE-SET INPUT. THE AMPLIFIER, THEREFORE, SENDS A FEEDBACK CURRENT THROUGH A 
RESTORING COIL WHICH IS LOCATED IN A PERMANENT MAGNETIC FIELD, THUS CAUSING A FORCE EXACTLY EQUAL AND OPPOSITE TO THE INPUT FORCE CAUSED 
BY ACCELERATION. THE RESTORING FORCE RETURNS THE SEISMIC SYSTEM TO ITS ORIGINAL POSITION. AN ANALOG VOLTAGE OUTPUT DIRECTLY PROPORTIONAL 
TO INPUT ACCELERATION IS OBTAINED BY MEASURING THE DROP THIS CURRENT PRODUCES ACROSS A KNOWN RESISTOR. A TYPICAL ACCELEROMETER 
MEASUREMENT IS A 0012-403 (ACCELERATION-GIMBAL BLOCK, LONGITUDINAL, LOW FREQUENCY) , TELEMETRY CHANNEL DFl-09. 
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4.3.3 

4.3.3.1 

4.3.3.2 

POSITION MEASUREMENT 
A TYPICAL POSITION MEASUREMENT IS G000l-403 (POSITION-ACTUATOR PISTON POT- PITCH) , TELEMETRY CHANNEL DPl 80-23-01. 
THE DATA IS OBTAINED BY MEANS OF A DIRECT, MECHANICALLY COUPLED POTENTIOMETER WHICH INDICATES THE POSITION OF THE J- 2 ENGINE PITCH 
ACTUATOR. THE CALIBRATION OF THIS MEASUREMENT YIELDS AO TO 5 V SIGNAL CORRESPONDING TO - 7.5 TO +7.5 DEG OF ENGINE DISPLACEMENT IN 
THE PITCH PLANE. AN ILLUSTRATION OF THIS TYPE OF MEASUREMENT !S PRESENTED IN FIGURE 4,3-3. 

ELECTRICAL SIGNAL ME.AS! lREMENT 
MANY SIGNALS OF AN ELE C TRICAL NATURE MAY BE MONITORED DIRECTLY, PROVIDED THE SIGNAL CHARACTERISTICS AND THE TELEMETRY SYSTEM 
INPUT CIRCUITRY ARE COMPATIBLE. THE TELEMETRY SYSTEM TIME- DIVISION MULTIPLEXERS AND PCM/DDAS INPUT CIRCUITS WILL ACCEPT DC OR 
LOW-RESPONSE ANALOG SIGNALS IN THE RANGE OF 0 TO 30 MV OR OTO 5 V AND Bl-LEVEL SIGNALS IN THE RANGE OF 0 TO 5 V AND OTO 28 V. IF THE 

SIGNAL TO BE MONITORED IS OUTSIDE THESE RANGES IT MUST FIRST BE SIGNAL- CONDITIONED AS DESCRIBED IN PARAGRAPH 4.3.3. 

ELECTRICAL SIGNALS WHICH DO NOT REQUIRE SIGNAL CONDITIONING INCLUDE: 
(1) EVENTS - THE PRESENCE OR ABSENCE OF A VOLTAGE WHICH IS CHARACTERISTIC OF THE SYSTEM BEING MONITORED OR 

ALTERNATIVELY, THE ACTION OF A SET OF SWITCH OR RELAY CONTACTS MONITORED BY APPLYING VOLTAGE TO AN 
AUXILIARY SET OF CONTACTS OR TAPPING THE SWITCHED SIGNAL WITH SUITABLE ISOLATION TO PROTECT IT FROM 
FAILURES IN THE TELEMETRY SYSTEM. 

(2) TRANSDUCER OUTPUTS - MANY TRANSDUCERS, SUCH AS POTENTIOMETER TYPE PRESSURE TRANSDUCERS OR 
POSITION INDICATORS, HAVE OUTPUTS WHICH DO NOT REQUIRE SIGNAL CONDITIONING. OTHER TRANSDUCERS 
MAY CONTAIN INTEGRAL SIGNAL CONDITIONING WHICH CONVERTS THE SIGNALS SO THAT THEY ARE ACCEPT

ABLE TO THE TELEMETRY. 

SIGNAL CONDITIONING 
MANY TYPES OF ELECTRICAL SIGNALS REQUIRE SIGNAL CONDITIONING TO CONVERT THEM FROM THEIR ORIGINAL CHARACTERISTICS TO A SIGNAL 
WHICH IS ACCEPTABLE TO THE TELEMETRY SYSTEM, SIGNAL CONDITIONING ON THE S-IVB IS PERFORMED BY MODULES MOUNTED ON SIGNAL 
CONDITIONING PANELS. SIGNAL CONDITIONING REQUIRES PRECISE VOLTAGES AND THE_MODULES ARE SUPPLIED, AS REQUIRED TITH REGULATED 
+20 voe FROM THE 20 V EXCITATION MODULES LOCATED ON EACH SIGNAL CONDITIONING PANEL AND -20 voe FROM THE 5 V EXCITATION MODULES 
IN ADDITION TO THE UNREGULATED 28 voe SUPPLIED FROM THE STAGE BUS. 

THE FOLLOWING PARAGRAPHS PRESENT A BRIEF DESCRIPTION OF SOME COMMON SIGNAL CONDITIONING NETWORKS AND THE 5 V AND 20 V 

EXCITATION MODULES. 

5-VOLT EXCITATION MODULE 
THE 5 V EXCITATION MODULE IS A TRANSISTORIZED POWER CONVERSION DEVICE WHICH OPERATES ON UNREGULATED 28 voe POWER AND SUPPLIES 
(1) 5 voe EXCITATION TO POTENTIOMETER TYPE PRESSURE AND POSITION TRANSDUCERS , (2) - 20 voe FOR SIGNAL CONDITIONING NEGATIVE BIAS 
SUPPLY AND (3) 10 V PEAK-TO-PEAK, 2,000 HZ SQUARE WAVE MAGNETIC AMPLIFIER EXCITATION FOR TEMPERATURE AND CURRENT MEASUREMENTS 
INTERNAL TO THE STAGE BATTERIES. THE MODULE EMPLOYS A DC- TO-DC CONVERTER FOR POWER EFFICIENCY IN THE VOLTAGE TRANSFORMATION 
AND GENERATES THE 5 V AND - 20 V SUPPLIES FROM A COMMON SATURATING FREQUENCY OSCILLATOR. THE LOWER VOLTAGE SECTIONS CONTAIN 

SEPARATE FULL WAVE RECTIFIERS AND ARE SERIES REGULATED USING AN ERROR AMPLIFIER TYPE SERIES REGULATOR. 

20-VOLT EXCITATION MODULE 
THE 20 V EXCITATION MODULE IS A TRANSISTORIZED POWER CONVERSION DEVICE USED TO SUPPLY REGULATED+20 voe USED FOR THE SIGNAL 
CONDITIONING POSITIVE BIAS SUPPLY OR BRIDGE EXCITATION. THE MODULE IS BASICALLY A SERIES REGULATOR EMPLOYING AN ERROR AMPLIFIER 
TYPE SERIES VOLTAGE REGULATOR AND IS CAPABLE OF SUPPLYING 200 MA AT 20 voe. ONE MODULE IS MOUNTED ON EACH SIGNAL CONDITIONING 

PANEL. 
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TEMPERATURE BRIDGE 
THE TEMPERATURE SENSING ELEMENT IS USED AS ONE ARM OF A BRIDGE NETWORK. THE NETWORKS ARE DESIGNED TO OPERATE WITH A 
BRIDGE EXCITATION OF 20 voe AND HAVE AN OUTPUT RANGE OF OTO 30 MV CORRESPONDING TO THE FULL RANGE OF TEMPERATURE BEING 
MEASURED. THEO TO 30 MV OUTPUT CAN BE INPUT DIRECTLY INTO THE REMOTE ANALOG SUB-MULTIPLEXER (RASM) OR AMPLIFIED BY A 

DC AMPLIFIER TO A OTO 5 V LEVEL. 

AMPLIFIERS 
MANY INFLIGHT AMPLIFICATION REQUIREMENTS CAN BE SATISFIED BY A SINGLE- ENDED DIRECT COUPLED AMPLIFIER HAVlNG A GAIN OF 50 
OR LESS, SEVERAL CONFIGURATIONS OF SUCH A LOW- GAIN DC AMPLIFIER ARE UTILIZED FOR MEASUREMENTS SUCH AS RF POWER (N0018) 

AND RF REFLECTED POWER (N0055-411) 

FOR TEMPERATURE BRIDGES, AND CERTAIN OTHER LOW-LEVEL SIGNAL CONDITIONING MODULES, A HIGH GAIN DC AMPLIFIER, 
OF SEVERAL CONFIGURATIONS, PROVIDES GAIN FROM 45 TO 975 VOL TS PER VOLT. IT IS BASICALLY AN AC OPERATION 

CONSISTING OF A POWER SUPPLY SECTION AND AN AMPLIFIER SECTION CONTAINING A MODULATOR, AC AMPLIFIER, DEMODULATOR AND 
FILTER. THE GAIN AND ZERO OFFSET OF AN AC AMPLIFIER ARE INHERENTLY STABLE SINCE THE DC BIAS LEVELS HAVE LITTLE EFFECT ON 
AMPLIFIER STABILITY. BOTH TYPES OF AMPLIFIER HAVE ADJUSTABLE GAIN TO ENABLE ADJUSTMENT TO AO TO 5 V OUTPUT SWING 
CORRESPONDING TO THE PARTICULAR INPUT SIGNAL RANGE. 

EXPANDED SCALE MEASUREMENTS 
WHEN A REQUIREMENT EXISTS TO MEASURE A SIGNAL HAVING A NORMAL OPERATIONAL VOLTAGE RANGE CONSIDERABLY LESS THAN ITS 
MAXIMUM AMPLITUDE IT BECOMES NECESSARY TO CONDITION THE SIGNAL SO THAT THE OPERATIONAL RANGE CORRESPONDS TO THE FULL 
1/M CHANNEL OUTPUT. THIS WOULD BE THE CASE FOR A SIGNAL SUCH AS THE STATIC INVERTER VOLTAGE (M000l - 411 ) WHICH HAS A 
MEASUREMENT RANGE OF 90 TO 135 VAC AT 400 HZ. IF THE SIGNAL WERE ONLY RECTIFIED THE NORMAL RANGE WOULD OCCUPY ONLY 
V3 OF THEO TO 5 V T/M CHANNEL RANGE AND THE ACCURACY WOULD NOT BE SUFFICIENT TO MEET THE MEASUREMENT REQUIREMENTS. 
THEREFORE THE SIGNAL IS RECTIFIED AND DIVIDED TO GIVE AN OUTPUT VOLTAGE SWING OF 5 V (14 TO 19 voe) CORRESPONDING TO 
THE 45 VAC SWING OF THE INPUT. THE SIGNAL IS THEN BIASED BY THE NEGATIVE SUPPLY VOLTAGE TO A LEVEL SUCH THAT THE OUTPUT 
VARIES FROM OTO 5 voe FOR A 90 TO 135 VAC INPUT. 
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MEASUREMENT SUBSYSTEM FAULT ANALYSIS 

AS A RESULT OF THE FAULT ISOLATION GROUND RULE THAT TROUBLESHOOTING WOULD BE LIMITED TO WHAT COULD BE PERFORMED FROM THE 

LCC, EXACT DETERMINATION OF A MEASUREMENT FAILURE COULD PROVE TO BE DIFFICULT. SOME FAILURE MODES ARE IMMEDIATELY EVIDE NT 

SUCH AS A SHORTED OR OPEN TEMPERATURE PATCH WHILE OTHERS MAY NOT BE SO APPARENT. 

THE FAULT ISOLATION PHILOSOPHY FOR A MEASUREMENT FAILURE AS PRESENTED IN THIS SECTION IS ONE OF MANY ALTERNATIVES. 

SINCE THERE ARE THREE BASIC TYPES OF MEASUREMENTS DISPLAYED ON THE FIRING ROOM STRIP CHARTS, EACH TYPE HAS BEEN CONSIDERED 

INDIVIDUALLY AND AN ASSOCIATED FLOW CHART PREPARED . THE THREE TYPES ARE AS FOLLOWS: 

1. STAGE □DAS MEASUREMENTS 
2. GROUND (ESE) □ DAS MEASUREMENTS 

3. HARDWIRE MEASUREMENTS 

IN ORDER TO SIMPLIFY THE FLOW CHARTS SOME BASIC CONDITIONS WERE ESTABLISHED. IT WAS ASSUMED T HAT THE RECORDER DISPL A YI NG 

THE MEASUREMENT IN QUESTION HAD NOT MALFUNCTIONED, AND, IF THE MEASUREMENT WAS ON □DAS THAT T HE □DAS LINK WAS VALID . PRE

PLANNED TROUBLESHOOTING COULD THEN PROCEED DIRECTLY INTO ANALYSIS OF THE SUSPECTED MEASUREMENT FAILURE. 

ALL THREE OF THE SUSPECTED MEASUREMENT FLOW CHARTS ARE BASICALLY THE SAME FORMAT. A DISCUSSION OF EACH CATEGORY FOL LOWS: 

SUSPECTED STAGE □DAS MEASUREMENT FAILURE 

THE FLOW CHART FOR THESE MEASUREMENTS IS PRESENTED IN FIGURE 4.4- 3. AFTER OBSERVING AN ABNORMAL INDICATION ON A STRIP CHART 

DISPLAYING A STAGE □DAS MEASUREMENT, IT MUST BE DETERMINED AS QUICKLY AS POSSIBLE THAT THIS DATA ABNORMALITY IS DEFINITE LY 

A MEASUREMENT PROBLEM. IN SOME CASES THIS CAN BE QUICKLY ESTABLISHED BY REFERRING TO THE BACKUP FOR THE SUSPECTED 

MEASUREMENT FOR CORRELATION. IF NO BACKUP IS AVAILABLE THEN RELATED MEASUREMENTS SHOULD BE EXAMINED. IF NO RELATED 

MEASUREMENTS EXIST, THEN THE SUSPECTED l'vlEASUREMENTS EXCITATION VOLTAGE SHOULD BE OBSERVED EITHER DIRECTLY BY T/M READOUT , 

(E.G . 5- VOL T MODULES) OR INDIRECTLY BY OBSERVING OTHER MEASUREMENTS UTILIZING THE SAME SUPPLY (E.G. 20--VOL T MODULES) . TABLE 

4.4- 1 PROVIDES A COMPLETE LISTING OF ALL MEASUREMENTS AND THEIR APPLICABLE EXCITATION SUPPLIES. FIGURES 4.4-1 AND 4.4- 2 PROVIDE 

AN ILLUSTRATION OF MEASUREMENTS VERSUS EXCITATION VOLTAGE FOR QUICK REFERENCE. IF AN EXCITATION SUPPLY FAILURE IS EVIDENT, 

THE MEASUREMENT FAILURE IS OBVIOUS AND OTHER MEASUREMENTS WOULD BE EFFECTED. 

SUSPECTED GROUND □DAS MEASUREMENT FAILURE 

THE FLOW CHART FOR Tl-£ SE MEASUREMENTS IS PRESENTED IN FIGURE 4. 4- 4. AFTER OBSERVING AN ABNORMAL INDICATION ON A STRIP CHART 

DISPLAYING A GROUND DDAS MEASUREMENT, IT MUST BE DETERMINED AS QUICKL Y AS POSSIBLE THAT THIS DATA ABNORMALITY IS DEFINITELY 

A MEASUREMENT PROBLEM. IN SOME INSTANCES THIS CAN BE QUICKLY EST ABLISHED BY REFERRING TO THE ASSIGNED BACKUP FOR THE 

SUSPECTED tvE ASUREMENT FOR CORRELATION. IF NO ASSIGNED BACKUP IS AVAILABLE THEN RELATED MEASUREMENTS SHOULD BE EXAMINED 

IF AVAILABLE, OR OBSERVE OTHER BACKUP INDICATION SUCH AS HARDWIRE METERS IN THE CASE OF POWER MEASUREMENTS. IN SOME CASES 

THE BACKUP READINGS COULD CONFIRM A SIGNAL CONDITIONING FAILURE WHILE OTHERS MAY ONLY AROUSE SUSPICION. IN THE EVENT THE 

SUSPECTED MEASUREMENT HAS NO BACKUP INDICATION OR RELATED MEASUREMENTS, THEN EXCITATION OR REFERENCE VOLTAGES OR BOTH 

SHOULD BE INVESTIGATED. MEASUREMENTS HAVING BOEING SIGNAL CONDITIONING IN THE ML CAN BE CHECKED USING THE VERIFICATION 

CIRCUIT BUT THIS CIRCUIT ONLY CHECKS THE MAGNETIC AMPLIFIER ASSOCIATED WITH THE MEASUREMENT AND DOES NOT VERIFY THE SIGNAL 

CONDITIONING IF APPLICABLE. HOWEVER, A MAG AMP FAILURE WOULD BE IMMEDIATELY EVIDENT IF THE VERIFICATION CIRCUIT WAS ENERGIZED. 

UPON ESTABLISHMENT OF A DEFINITE MEASUREMENT FAILURE, PAD ACCESS WOULD BE REQUIRED FOR CORRECTIVE ACTION IF THE MEASUREMENT 

COULD NOT BE WAIVERED . 
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SUSPECTED HARDWIRE MEASUREMENT FAILURE 

THE FLOW CHART FOR THESE MEASUREMENTS IS PRESENTED IN FIGURE 4.4-5. SOME PERTINENT INFORMATION FOR HARDWIRE MEASUREMENTS 
IS ILLUSTRATED IN THE MEASUREMENT SUBSYSTEM SCHEMATIC OF FIGURE 4.4--6 AND CAN BE USED FOR REFERENCE . MEASUREMENTS 0545, 
D576 AND D577 HAVE EXCITATION AND REFERENCE VOLTAGE ASSOCIATED WITH THEIR CIRCUITS AS CAN BE SEEN IN FIGURE 4.4-6 0 ALL THREE OF 
THESE MEASUREMENTS HAVE STAGE DDAS BACKUP MEASUREMENTS FOR EASY CORRELATION IN THE EVENT OF A SUSPECTED MEASUREMENT 
FAILURE. MEASUREMENTS 554, 555, 556 AND 557 HAVE BOEING EXPANDED SCALE SIGNAL CONDITIONERS IN THE BASE OF THE ML. THE OUTPUT OF 
THESE SIGNAL CONDITIONERS DRIVE THE RECORDERS DIRECTLY. ALL FOUR OF THESE MEASUREMENTS HAVE BACKUP HARDWIRE METER 
INDICATIONS ON THE NETWORKS PANEL FOR EASY CORRELATION IN THE EVENT OF A SUSPECTED MEASUREMENT FAILURE. 

5-VOLT EXCITATION MODULES 
THESE MODULES PROVIDE 5VDC AND -20 voe POWER FOR POT-TYPE TRANSDUCERS AND SIGNAL CONDITIONERS REQUIRING THESE VOLTAGES. 
IN ADDITION, THEY ALSO PROVIDE 10 VOLT PEAK-TO-PEAK OUTPUTS AT 2000 HZ FOR BATTERY INSTRUMENTATION AND TEMPERATURE CONTROL. 
THERE ARE THREE 5-VOL T MODULES ON THE STAGE. SEVERAL MEASUREMENTS ARE AVAILABLE ON T/M TO DETERMINE THE PERFORMANCE OF 
THESE MODULES. THESE MEASUREMENTS ARE AS FOLLOWS: 

(A) M0024 

(B) M0043 

(C) M0068 

(D) M0025 

(E) M0069 
(F) M0042 

EXPANDED SCALE MEASUREMENT OF THE FWD NO. 1 5-VOLT EXCITATION MODULE BUS OUTPUT VOLTAGE . THE RANGE 
OF THIS MEASUREMENT IS 4.5 TO 5.5VDC AND IS ON T/M CHANNELS CP1 AND DP1 B0-05--09. 
THE FREQUENCY OF THE 10 VOLT P-P, 2000 HZ SQUAREWA VE OUTPUT FROM THE FWD. NO. 1 5-VOL T MODULE. THE 
RANGE OF THIS MEASUREMENT IS O TO 2300 HZ AND IS ON T/M CHANNEL DP180-04-08. 
EXPANDED SCALE MEASUREMENT OF THE FWD. NO. 2 5-VOLT EXCITATION MODULE BUS OUTPUT VOLTAGE. THE 
RANGE IS 4.5 TO 5.5 voe AND IS ON T/ M CHANNEL CP1 B0-05-08. 
EXPANDED SCALE MEASUREMENT OF THE AFT 5-VOL T EXCITATION MODULE BUS OUTPUT VOLTAGE. THE RANGE 
IS 4.5 TO 5.5 voe AND IS ON T/M CHANNELS CP1 AND DP180-05-1 o. 
DIRECT MEASUREMENT OF THE AFT 5-VOL T MODULE. RANGE IS 0-5 voe ON CHANNELS CP1 AND DP1 B0-28-1 o. 
THE FREQUENCY OF THE 10 VOLT P-P, 2000 HZ SQUARE WAVE OUTPUT FROM THE AFT 5-VOL T MODULE. RANGE 
IS O TO 2300 HZ AND ON CHANNEL CP1B0-14-1 O. 

AFT 5 VOLT EXCITATION MODULE 
(A) LOSS OF THE 10VP-P SQUAREWAVE VOLTAGE WILL RESULT IN THE LOSS OF TEMPERATURE CONTROL FOR AFT BATTERY NO. 1 

AND AFT BATTERY NO. 2 ILLUSTRATED IN FIGURE 4.5-1. IT WILL ALSO RESULT IN THE LOSS OF ALL VOLTAGE, CURRENT, AND 
TEMPERATURE MEASUREMENTS ASSOCIATED WITH THESE BATTERIES. WITH NO TEMPERATURE CONTROL, THE BATTERIES 
MAY COOL SUFFICIENTLY TO REDUCE THE BATTERY CAPACITY. 

(B) A SIGNIFICANT SHIFT IN THE VOLTAGE OR FREQUENCY MAY RESULT IN THE LOSS OF TEMPERATURE CONTROL FOR AFT BATTERY 
NO. 1 AND AFT BATTERY NO. 2. IT WILL ALSO RESULT IN A DECREASE IN THE ACCURACY OF THE VOLTAGE, CURRENT, AND 
TEMPERATURE MEASUREMENTS ASSOCIATED WITH THESE BATTERIES. IF BATTERY TEMPERATURE CONTROL IS LOST, THE 
BATTERIES MAY COOL SUFFICIENTLY TO REDUCE THE BATTERY CAPACITY. 

FWD 5 VOLT EXCITATION MODULE NO. 1 
(A) LOSS OF VOLTAGE WILL RESULT IN THE LOSS OF TEMPERATURE CONTROL FOR FWD BATTERY NO. 1 AND FWD BATTERY NO. 2 

ILLUSTRATED IN FIGURE 4.5-2 AND TEMPERATURE MEASUREMENTS ASSOCIATED WITH THESE BATTERIES. WITH NO TEMPERATURE 
CONTROL, THE BATTERIES MAY COOL SUFFICIENTLY TO REDUCE THE BATTERY CAPACITY. 

(B) A SIGNIFICANT SHIFT IN THE VOLTAGE OR FREQUENCY MAY RESULT IN THE LOSS OF TEMPERATURE CONTROL FOR FWD BATTERY 
NO. 1 AND FWD BATTERY NO. 2. IT WILL ALSO RESULT IN A DECREASE IN THE ACCURACY OF THE v .oL TAGE, CURRENT, AND 
TEMPERATURE MEASUREMENTS ASSOCIATED WITH THESE BATTERIES. IF BATTERY TEMPERATURE CONTROL IS LOST, THE 
BATTERIES MAY COOL SUFFICIENTLY TO REDUCE THE BATTERY CAPACITY. REFER TO PARAGRAPH 2.10.5 FOR THE MISSION 
EFFECTS OF BATTERY COOLING. 
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4.6 

- --- --------------------------------------1-

20-VOL T EXCITATION MODULES 
TEN 20-VOLT EXCITATION MODULES FORM A PART OF THE S-IVB INSTRUMENTATION SYSTEM. THE MODULES ARE POWERED FROM THE PCM . 

SYSTEM GROUP BUS (+4031.1). THEY P~OVIDE+2ovoc TO SIGNAL CONDITIONERS AND TRANSDUCERS REQUIRING THIS VOLTAGE. 

NUMEROUS MEASUREMENTS DERIVE POWER FROM THE 20-VOLT EXCITATION MOOUL..:.ES, BUT THERE ARE NO DIRECT MEASUREMENTS OF 20-

VOLT MODULE PERFORMANCE. 

4-9 



rROVISIONAL FM/FMKiT7 
REF) I 

I 
I I 
I RF MULTIPLEXER 

I • L_ 

Bl-DIRECTIONAL 
COUPLER 

FM FM 

TRANSMITTER 

I 

TELEMETRY 
OSCILLATOR 

ASSY. 

I l t 
ANALO G 

DATA 

TELEMETRY I 
I CALIBRATOR ___ J 

______________________________________ ,_ 

ANTENNA I 

\V 
TELEMETRY 

POWER DIVIDER 

COAXIAL 
SWITCH 

--------------
FORWARD 

POWER DETECTOR -

SYNC 

1J 

DPIBO 
MULTIPLEXER 

MODEL 270 

t 
ANALOG 

DATA 

DATA 

BI-DIRE CTI ONA L 
COUPLER 

I 

RF ASSY. MOD II 
PCM FM 

j 

PCM DDAS ASSY. 
MODEL 301 

I 

REMOTE DIGITAL 
SUB-MULTIPLEXER 

t 
Bl LEVEL DATA 

ANTENNA 2 

\/ 

DUMMY 
LOAD 

REFLECTED 
POWER DETECTOR 

1--1 _u ___ ------

• I 

SYNC 

DATA 

FIGURE 4.1-1 TELEMETRY SYSTEM INSTRUMENTATION 

PCM DDAS ASSY. 

j - --SYNC 11 DATA 

CPIBO 
MUL Tl PLEXER 

MODEL 270 

I 

SYNC DATA 

' 
REMOTE ANALOG 

SUB MULTIPLEXER 

t 
LOW .LEVEL · 

ANALOG DATA 

REV.A 
4-10 



LOW LEVEL { 
ANALOG 

DATA ------.i 
DP1BO-XXL-XX -------

4D31 . 1 

NOTE: XX INDICATES SE VERAL 
CHANNELS OR FRAMES 

ARE USED. THE SPEC IFIC 
CHANNELS AND FRAMES 
USED MAY BE DETERMINED 
BY CONSULTING THE 
1.P. AND C.L. DOCUMENT 
1 843569 . 

"'-
\ 

S IVB DATA I 

IU DATA 
,-,-,, 

ON IU 270 { 
MULTIPLE XER ---------1,,,1 
CPtAO-XX-XX 

IU 270 
MULTIPLEXER 
CP1A0 

602A593 

I K8-1 

~ PITMON 

\ 6D1 1 

SIV-B REMOTE 
ANALOG 
MU LTIPLE XER CLOCK AND TIMING 

DATA 

(S IX CHANNELS) 

404A60A201 

ANALOG DATA 
DP1 BO-XX-XX 

TM CAL COMAND 

4D31.1 

ANALOG DATA { CP1BO-XX-XX 

TM CAL COMMAND 

4D31.1 

f 
S UBMULTIPLE XED 
DISCRETE 
CP1 B0-09RXX- XX 

4D3t .t 

(I-Ct 3 THRU 8) 

SIVB 270 
MULTIPLEXER 

DP1BO 

404A61A201 

S-IVB 270 
MULTI PLE XE R 

CPt BO 

404A61A200 

S IVB REMOTE 
DIGITAL 
SUBMULTIPLEXER 

404A6 tA200 

IU DATA 

,-'-, 

PARALLE L OUTPUT DATA 
TO DDAS/COM PUTER 
INTERFACE UNIT 

IU PCM/ DDAS -
600 KC DDAS 
TO UMBILICAL 

} ;~.t:SMITTER t----------- SYSTEMS 

CLOCK AND TIM ING 

DATA 

CLOCK AND TIMING 

DATA 

602A595 

K8- t 

~ Pt TMON 

6D3t 

SIVB PCM/DDAS 

~~:~~;ION { 
DISCRETE -----~ 
CPt-02G0O-XX 

-------
4t tA97A200 

4D3t.t 

600 KC DDAS 
TO UMBILICAL 

SERIAL DATA 

4D3 t .2 

(I- C l 2) 

CP1 TRANSMITTER 

411A64A200 

FIGURE /4.1. 2 SIVB PCM/DDAS INSTRUMENTATION SYSTEM 

IU 

SIVB 

RF SIGNAL TO 
ANTENNA 
SYSTEM 

4-11 



D 1-2403 

I 

, I l 

+200141 

PCM GROUP 
POWER 

ON 

[E-355.01] 

D 1-2402 

00-1705 I 

+40151 
.1 J I l I 

20D1R 

00-1779 

D 1-1779 

PCM GROUP 
POWER ON 

I 

20D1R 

TM READY 

00-1688 

01-1688 I 

20O1R 

SIVB DDAS 
DATA VALID 

20DlR 

IU DDAS 
DATA VALID 

t E - 347.0lj, 

S-IVB PCM SYNC 
AND REF 
VOLTAGE OK 

IU PCM SYNC 
AND REF 
VOLTAGE OK 

601-1457 AS 

S9 

OFF 

RDl-0853 

CHAN 63 

TELEMETRY 
CALIBRATE 

ON 

RDl-0852 

CHAN 62 

+20D141 

S2 

· IHFLIGHT PREFLIGHT 

[E-344] 

-

0 ' 
S-IVB MEASURING 
& RF PANEL (C41P) 

Ii i K95 TELEMETER Pl ON +40110 l DEE-3643 DEE-3644 K57 PRELAUNCH MEAS K93{- ~- ='= GROUP POWER ON 
I I K94 - -i S-IVB ML 

IU PCM SYNC ESE 
SIVB PCM SYNC ·- AND REF 

[E-347.or] AND REF VOLTAGE OK > I l I ' r l J 

4O1R 4D1R 
VOLTAGE OK .201-1134- A241 40110 

,------ - - - ----- - ~ 

I + 4031 I SW SEL SW SEL 

I 

K5< <-L~ r I 
CHAN 63 CHAN 62 

r" 

I A4 I 
+4015 

I - i- I +4031. 1 POWER J • 1 t. 

T 
T r""I 

~ 

FOR DDAS SUBSYSTEM 
,- -

I ✓ r 1 ' FWD PWR I 
[ C-C- 16] DIST 

Re s L 4DCOM +40119 411A99A10 _j ---------- -- - '--
[1 - Cl - 3 THRU 8] K66 ---- n • } ) [C-01-17] S-IVB STAGE 404A3A23 

REMOTE DIGITAL DPl-BO MUX CPl-BO MUX 
SUB MUX 404A60A200 404A6lA201 404A61A200 

REMOTE ANALOG PCM/DDAS ASSY ., ( ) t DPl-BO MUX 
SUB MUX 404A60A201 4 l 1A97 A200 4DCOM 404A61A20l 

CPl-BO MUX ALL DDAS TM CALI BRA TOR 
404A61A200 INSTRUMENTATION 411A60A202 

FIGURE 4.1.3 PCM/DDAS SYSTEM CONTROL 4- 12 



EXTL 

CLOCK 

SYNC 

EXTL 

FS 

SYNC 
. FOR 

RASM 

EXTL RS 

CLOCK 

AND 

CP 

RS 

CP 

RS 

CP 

-

TEN 

COUNTER 

SIX 

COUNTER 

C F 5 

AT 

FRAME RS 

FIVE 

COUNTER 

SYNC + 5V EXTL MMP 

CALIBRATOR 

CAL. COMM. 

PS SYNC 

INT. FS 

DC- TO-DC 

CONVERTER 

+ 2s voe 
INPUT 

Tl- TIO 

S1 - S6 

SUB 

MULTIPLEXER 

DATA INPUT 

SUB 
MULTIPLEXER 

DUMM Y 

PRE SAM PLING 

FILTER 

(NOT USED) 

27 UNITS _. 

TOTAL 

I 
I 
I 
I 

MAIN MULTIPLEXER 
___ _J 

CAL INH. C. PED CON. 

CAL. CAL. CON. 

c 

OUTPUTS 

------ - ......0 OUTPUT W/PED 
ISOLATION 

- -+0 OUTPUT W/O PED 

----DATA 

---- TIMING FUNCTIONS 

10 SUB

MULTIPLEXED 

DATA 

CHANNELS 

(12 SAMPLES 

PER SEC) 

FIGURE 4.2.1 MODLE 270 MULTIPLEXER BLOCK DIAGRAM 

10 SUB

MULTIPLE XED 

DATA 

CHANNELS 

PRIME 

CHANNELS 

(NOT SUB

MUL TIPLE XED) 

(120 SAMPLES 

PER SEC) 

DATA 

INPUT 

(o TO +5 voe) 

--
DRIVE 

VOLTAGE 

~ 2. 5V 

<D RESISTOR IS 

REMOVED ON 

SOME CHANNELS 

0.1 µ.f 

INPUT FILTER 

SUBMUX.ONLY 
r-,--7 
I I I 

jj1!1 ' : 
I 2 I 4 I '--+-....J 

_L__ ---

DATA 

-----o OUTPUT 

(o TO + 5 voe) 

S ECONDARY 

VOLT AGE 
::::::, 2V 

FIGURE 4.2.2 TYPICAL DATA SWITCH AND INPUT FILTER 

FRAME 1 

2 

3 

4 

5 

6 

7 

8 

9 

FRAME 10 

FRAME 1 

FRAME 2 

SUBMUX 

• 

----------
FRAME 3 

TYPICAL 4- 9 

FRAME 10 

FRAME 1- 10 

FRAME 1- 10 

FRAME 1- 10 

DU MMY S UB MUX 

DUMMY SUB MUX 

DUMMY SUB MUX 

NO SUBMUX CAPABILITY 

MAIN MUX. 
CH- 1 

CH- 2 

Cl-l- 3 

CH- 4 

CH- 5 

CH- 27 

CH- 28 

CH- 29 

rF 
~ 

TO 

REFERENCE 

LE VE L AND 

FRAME LOGIC 

TOISOL 

AMPL. 

FIGURE 4.2.3 EQUIVALENT CIRCUIT WHEN CONDUCTING FIGURE 4.2.4 EQUIVALENT SCHEMATIC OF SUB MULTIPLEXER AND MAIN MULTIPLEXER 
4-13 

REV.A 



- KA 

KB Q5 
KC 

MMP 

S- IVB SWITCH SELECTOR 

T M CALI BRA TE 

CH62 
ON 

404A3A23 K66 

+4D15 

l 

CH63 

OFF 

CAL COM 

Q9 

Q7 

+ 4D82 

MAG. LATCH 
RELAY 

J6- E J6- F 

270 MULTIPLEXER 
DPlBO 

404A61A201 

J 6-F J6-E 

270 MULTIPLEXER 

CP1BO 

404A61A200 

FIGURE 4.2.5 TM CALIBRATION CONTROL 
SCEMATIC 

CALIBRATOR M2812A I CALIBRATION INHIBIT FOR 
ISOLATION AMPLIFIER M2811A 

KB 

KC 

CALIBRATOR 
M2812A 

KA KB KC 
Q2 Ql0 Q1 4 

FFKA FFKB FFKS 

KA KB KC 
Q6 Q1 2 Q16 

Ql 

CAL CON 

TP 
I 
I 
I 
I 
I 
I 
I 

CHANNELS 28 , 29 AND 30 

PED CONT 
, ___ ___, R r-------------------1 

C 

CAL 
INHIBIT 

CAL CON 

DATA 

DATA IN 

Q4 

DATA SW 

Q2 < 
PED AM P 

TP 

,__ ___ T 

DATA 
WITH 
PED 

--------------<TP 

l----------------l Y >----------< 

KA 

KB 

KC 

KA 

KB 

KA 

KB 

KC 

KA 

KC 

K B 

KC 

Q19 

Q18 

Q3 

+ 4082 

B 

E XT 5 voe 

0% 
Q15 

25 % 
Q1 3 

50 % 
Q11 

75 % 
QB 

100 % 
Q4 

I 
~ CALI 

OUT CAL IN 

Q6 

D>--------K>-------------~ 

TP 

NOTE: 

VOLTAGE PROFILE 
DURING TM CALIBRA-
TION IS SHOWN BELOW. 

MM P IS THE MASTER 
MASTER PULSE WH ICH 
OCCUR S EVERY 10 FRAM ES 

CAL SW 
Qll 

-------------------H 

TP 

CLAMP 

Q5 >-----------< Q 

LOGIC SYM BOLS 

=D- -{>-
11 

AND" GATE BUFFER 

=D-D 
11 

OR
11 

GATE INVERS ION FLIP-FLOP 

DATA 
WITHOUT 
PED 

FIGURE 4.2.6 SCHEMATIC OF CALIBRATION CIRCUIT AN ISOLATION AMPLIFIER IN THE 270 MULTIPLEXER 

100 % 
75 % 

DATA DATA 

10 FRAMES 

FIGURE 4.2.7 270 MULTIPLEXER CALIBRATION PROFILE 4-14 



--------- - - - - -

CHANNEL 1 

FRAME 1 FRAME 1 

2 2 

3 3 

4 4 

CHANNEL 5 CHANNEL 5 
1 SIGNAL 6 2 SIGNAL 6 
INPUTS 

7 
INPUTS 

7 

8 8 

9 9 

FRAME 10 e FRAME 10 

FRAME 1 FRAME 1 

2 2 

3 3 - 4 

CHANNEL 5 

4 

CHANNEL 5 

1 SIGNAL 6 2 SIGNAL 6 

RETURN 7 
RETURNS 

7 

8 8 

9 9 

FRAME 10 FRAME 10 

L OW LEVEL 

AMPLIF IER 1 

COM OUTPUT 1 

CHANNEL 2 

L OW LEVEL 

A MPLIFIER 2 

FRAM E 1 

2 

3 

4. 
CHANNEL 5 e 
6 SIGNAL 6 
IN PUTS 

7 

8 

9 

FRA M E 10 

FRAME 1 

2 

3 

4 

5 
CHANNEL 

6 
6 S IGNAL 
RETURNS 7 

8 

9 • FRAME 10 

OUTPUT 2 

FIGURE 4.2.8 REMOTE ANALOG SUBMULTIPLEXER EQUIVALENT SCHEMATIC 

• 

CHANNEL 6 

LOW LEVEL 

AMPLIFIER 6 

OUT PUT 6 

- OUTPUT 

DRI VE C OMMON 

-t S !G NAL 
OUTPUT 

+ S IGNAL 
IN PUT 

DRI VE VOLTAGE 

- S IGNA L iNPUT 

I 
I( 

k 

+ S IGNAL • 
INPUT 

·· S IGNAL. e 
IN PUT 

4 

CR 10 
3 TS 

I CR9 
• 
• 

2 

• 5 6 

R1 8 

0 20 

I 

S W ITCH NO. 1 I 
L _ -- - - - -·- - -- - - - --- _j 

RD VEC VEC RD 

I\;--~ f- I ~ 
RD \/EC VEC RD 

·V---~ - ti '\I 
NOTE: SH OWN IN CONDUC T ION S T ATE 

- -• ,. S IGNAL 
OUTPUT 
TO AMPL. 

- -• - S IGNA L 
OUTPUT 
TO AMPL. 

FIGURE 4.2.9 LOW LEVEL DATA SWITCH 
AND EQUIVALENT CIRCUIT 

4-15 



3600 PPS 

...J 
<( <( 
1-- 1-
- <( 
!:20 
0 

20 

21 

2• 

2• 

SYNC INPUT 
PCM 

D C B A 

GD(N) 

PCM D 

PCM 5 

DECODER CARD 

- .. 3 THRU 9 

DIGITAL GATE 
1 

I -- ,-
I 

-- I 
I 

-- ,-
I 

-- I - - - - -,-- -

1-
w 
U) 
w 
0:: 

-
2• 

- - - -: - - -
-- I 

COUNT 1 

:FLIP FLOP 

• OUTPUT 2° 

CHANNEL 1 
DATA INPUT 

CHANNEL 2 
DATA INPUT 

20 - - - - - - - - 29 
20 _______ -29 

OUTPUT 
COUNT 1 

DIGITAL GATE CARD 

OUTPUT COUNT 2 

OUTPUT COUNT 1 0 

ONE SHOT CARD 

DIGITAL CA TE CARD 

20V REG 
TO ALL CARDS 

POWER 
SUPPLY 

CARD 

28VDC >-----

FIG. 4.2.10 RDSM BLOCK DIAGRAM 

zo 
I 
I 
I 
I 
I 
I 
I 
I 

' 2• 

120 PPS RESET 

3600 PPS 

-
2° 21 29 

~ 
OUTPUT 

CHANNEL10 
DATA INPUT 

20 _________ 
2

9 

I 

D IG IT AL GATE CARD S 

DIGITAL GATE DIGITAL GATE 
2 9 

I I 2" - 20 -- I - 1-
I I 

2' 
I - 2' -- ,- - I 
I I 

2• - I 
2' -- I - 1-

I I 
2• - 23 -- I - I 
- - - - ..J - - - - - - I - -I - -, -
- - - - ---l - - - - - - - -1 - - -

I I 2• : 2• - -I- - - i COUNT 2 COUNT 9 1-- 1--w 
: FLIP FLOP' 

w 
: FLIP FLOP ' 

U) U) w w 0:: 0:: I 
.OUTPUT 2 1 ~ OUTPUT 2" 

FIG. 4.2.11 EQUIVALENT CIRCUIT OF DIGITAL GATE CARDS 

C 
+5V 

120K.n. 

~ . r-41------i 

B 
INPUT 

R2 

18Kf\. 

E 
COM 1 

Q t 

R3 
I OOK fl. 

D A F 
CONTROL COM 2 OUTPUT 

FIG 4.2.12 TYPICAL DIGITAL GATE 

I 

I 
A (P)r-- .------.------.---. 

B (P) ~I -~-~-~---' 

I 

I 
C (P) rl -----,----' 

I 

D(P) 

- 8.33 ME SC 

" 1 ' ' ,---,----,I.: 
,-

LOGIC LEVELS 
" 1 "=4. 5 (!0.SJ voe 
00 0 00 = o ( :'. 0. 5) voe 

FIG 4.2.13 SYNC INPUTS FROM PCM / DDAS 

4-16 



INPUT 1 
0-0R 28V 

INPUT 2 
0-0R 28V 

INPUT 3 
0-0R 28V 

OUTPUT 

GND 

A --
... G 
-

B -... 
... K 
-
... E 
-
- J ... 

... c 
,... 

,. D 

---. J 1 

~~CR! ~ ~ CR2 

CR4 
_, 
... ' 

CR5 ... 
.,. I 

CR6 ... , 
... , 

> 
<!] 

R12 

4.99K.L1. 

~[ CR3 

Rl 
20K_n 

I 
Q1 

R2 
20K{l 

Q2 

R3 
20K Jl. 

I 

- - -R7 RS 
7.06K l1 7.06K 0. 

T 
I 

<O 

·--

---- ----· 

Q3 

R4 26.tKil 

RS 49.9K _{l 

R6 93.1 K .0. 

R9 RIO 
7.06f<J\ 4,99K fi 

R-·- 12 IN -501 ON LY 

A ... 
.... 

C ... 
... 

D .. 
.... 

...... 
Rt 1 

5.ttK.0. -

B ... 
J2.,... 

CAUBRATION 
COMMAND 

+ 20VDC 

GND 

FIGURE 4.2.14 SCHEMATIC OF Bl LEVEL SUMMING MODULE 

TABLE 4.2.1 LOGIC 
FOR SUMMING MODULE 
INPUTS 

0 = OFF 
OUTPUT DIGITAL 

X = ON 
VOLTAGE MSB 

1 
..., 

3 
± o.300 voe 

2 3 '-

0 0 0 0.000 0 0 0 

0 0 X 0.796 0 0 1 

0 X 0 1.476 0 1 0 

0 X X 2.272 0 1 1 

X 0 0 2.764 0 0 

X 0 X 3.570 0 1 

X X 0 4.240 0 
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------
A XCDR B 

I I 

I I 
E F 

-v
C/0 

G H A D B C 

e OUTPUT TO 

AMPLIFIER OR RASM 

TEMP. BRIDGE ASSY. 
(ELEMENTARY SCHEMATIC) 

MEASUREMENT CAPABILITIES 

e AIR 

e GASEOUS HYDROGEN/OXYGEN 
AND HELIUM 

• LIQUID OXYGEN 

e LIQUID HYDROGEN 

• LIQUID HYPERGOLIC 

NOTE: INCREASE TEMPERATURE 
RESULTS IN INCREASE 
RESISTANCE 

(TYPICAL) 

-COM 

NOTE: WHILE BRIDGE INPUT IS 
FOR TEMPERATURE MEASURE
MENT, SIMILAR BRIDGE 
ARRANGEMENTS CAN BE USED 
TO MEASURE DC VOLTAGE 
(TERMINAL VOLT BECOME ONE 
LEG OF BRIDGE). 

SMALL DCV.t. = LARGE ACV1::,. 

• 
+VOLT 

*MAGNETIC AMPLIFIER 
(SATURABLE REACTOR) 

200° 

{TYPICAL BATTERY) 

0.0 

TEMPERATURE MEASUREMENT 

ANALOG OUTPUT 

VOLTS DC 5.0 
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INCREASED 
PRESSURE 

HERE 

PRESSURE 
OPENING 

....... 
- I ACTS TO 
$. / STRAIGHTEN 
1
• / THE TUBE 

I 
I 

r-;=~====;i~ COUNTERWEIGHT 

~---;;---11 - PIVOT 

~tif:-;::::_~ll+f - PUSH ARM AND LINKAGE 

I l II I WIPER ARM 

~Ill BOURDON TUBE PRESSURE
.,,,, 7fi--_ SENSING ELEMENT 

~ I POTENTIOMETER WINDING 

2 0--0 ------

(BOURDON TUBE TYPE) 

PRESSURE TRANSDUCER 

. . . . . . . . 

BJ. 

BELLOWS PRESSURE-SENSING 
ELEMENT I~ REFERENCE SPRING 

I ~ POTENTIOMETER WINDING 

I WIPER ARM 
I PUSH ARM 

I OVER-PRESSURE STOP 

I PIVOT 

COUNTERWEIGHT 

(BELLOWS TYPE) 
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1-_:D_cR __ 

I --I 5K OHMS±5% 1-
.o. 

c:(Q-
A B C 

* BELLOWS TYPE OR BOURDON 

TUBE TYPE PRESSURE SENSITIVE 

ELEMENT 

NOTE: INCREASE PRESSURE/ 

INCREASE VOLTAGE RATIO 

~ 
0 +5 V EXC. 
1,-

ANALOG OUTPUT -.. 

..... 
0 

-COM 
0 

...... 

PRESSURE MEASUREMENT 

(TYPICAL} 

MUX 

' ~ 

XDCR 

E ..., _____ O_... . +5 V 

0-EXCITATION 

1-----1F -----------~ 

__ __. 

ANALOG 

OUTPUT 

~---1---~G------~•---_. 

SYSTEM 

ASSEMBLY 

MECH 

PIii~ ACTUA
TOR 

-COM 

NOTE: TRANSDUCER IS OFTEN 

PHYSICALLY LOCATED 

WITHIN THE MECHANICAL 

STRUCTU RE OF THE ITEM 

(SYS. ASSY.) 

POSITION MEASUREMENT 

(TYPICAL) 4-37 



r
OUTPUT FREQUENCY 
PROPORTIONAL TO 
FLUID FLOW RA TE 

~1 ~~~i I tl~:STEM I 
DCV OUTPUT 
PROPORTIONAL 

.._______ 

TRANSDUCER TYPES 
(FLOW) 

TO FLUID FLOW 
RATE FREQUENCY 

FLOW METER 

LOX TANK 

CHILLDOWN 
VALVE 

~ ,~ 
FLOWRATE-OXID \-~Rf'~:~; 
D Pl B0-21 - (,)3-- 00 --, ---

.------- _ l ___ · ___ ____ 
XDCR ASSY 

S-IVB 
11 

: : I U 
11 
I I 
I I 
I I 
11 
11 
I I 
I I I -....---- --. 

FREQ.TO 
DC VOLT 

CONVERT. ___ / _o_~_~ s_x o_:1----►~ ~ IU 
_.. PCM 

SYS 

CHILLDOWN SYSTEM 

PICKUP 1 FREQ. CONVERT 

MEASUREMENT INTERFACE 
(MEASUREMENT: F4-424) 

I I 
11 
11 

•• II 
I I 
I I 
11 
I I 
I I 
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+ 4D31 

5-VOLT 
EXCITATION 

MOD ULE FWD NO. 1 (4 t tAggA33) 

,--- ----, 
I FWD BATTERY NO. 1, I 
I UNITS 1 A ND 2, AND I 
I :;i T~~ T;~I~ :~io~ 1

1 I (REF) 
L ______ _J 

+ ·4D31 +4D2 1 

5-VOLT 
5- VOLT 
EXCITAT ION 

EXC ITATION 
MODULE FWD#2 

MODULE AFT 
(404A52A7) (41.1A98A2) 

r--- ---7 
j AFT BATTERY NO. 1 I 
l UNITS 1 AND 2, AND I 

AFT BAT TERY NO. 2, 
fl UNITS 1 AND 2, HEATE R I 

EXCITATION (RE F) I L _______ J 

+4D81 -4D71.1 +4D82 -4D71.2 +4083 

(+5V) (-20V) 

N0018 
N0055 

EDS111 { 
D0177(LH) (RB) 
D0179(L OX) 

(RB) 

(R) REDLINE 
(RB) REDLINE BACKUP 

(-20V) 

D0003(RB) D0070(RB) M0069 D0266 

D0014(R) D007l(R) D0250(RB) F0001 

D0035(R) D0072(RB) D0251 (RB) F0002 

D0036(R) D0073(R) G0001 (R) M0012 

D0037 D0097(RB) G0002(R) M0028 

D0038 D0098(RB) G0003 M0029 

D004 1 (R) O0099(RB) G0004 T0001 

D0042(R) D0I00(RB) G000S T0002 

00043 00103 G0008 
D0050 D0209 G0009 

D0055 D0223 G0017(R) 
D0247(R) L0007(R) 

5-VOLT EXCITATION - SCHEMATIC FIG. 4 .4-1 

(+sv) 

D0178(LH) 
D0180(LOX) 

REV. A 
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+ 4D31.1 

20--VOLT 
MODULE 
(411A61A242) 

20--VOLT 
MODULE 
(404A63A241) 

20--VOLT 
MODULE 
(411A63A233) 

20-VOLT 
MODULE 
(404A66A241) 

20--VOLT 
MODULE 
(404A62A241) 

20-VOLT 
MODULE 
(404A64A241 ) 

20--VOLT 
MODULE 
(404A65A241) 

+4D51.2 +4D51.3 +4D51.4 +4D51.5 +4D51 0 6 + 4D51.7 +4D51.8 

C00!5 C0003(R) C0057 C000I F000I C2034 Lo0012 
C0052 C0005 C0059 C0002 T0001 C0009 
C0256 COOt O C0368 C0004(RB) C0023 
co257 coot 4 C0369 cooo6(R) cot 32(R) 
C0370 C002t(RB F0002 C0007(R/RB) cot 36(RB) 
C0371 C0022 (R) T0002 C0011 C0159 
M0004 C0040 C0133 C0161 

C0050(R) C0134 C0206 
M0023 C0051 (R) cot 97 KOOOt 
M0024 cot 38 cot 99(R) Kooo2 
M0043 COt 87 C0200(RB) K0012 
M0060 C0208 C0214 KOO 13(R) 
M0061 C0210 C0215 K0021 
M0068 C0230 C0229 ·KOt 10 
NOOt8 C0231 
N0055 C2012 
N0063(R) 

(R) REDLINE 
(RB) REDLINE BACKUP 

C2030 
C203t 
M0042 
C0382 
C0378 
C0379 

KOt 12 
K0 : ... 6 
K0127 
K0155 
K0192 
K0213 
M0012 
M0025 
M0028 
M0029 

At 2 
Dt 
D2 
D4 
D5 
D7 
D8 
D9 
010 
D17R 
D18 
Dt9R 
D20R 
D27 
D28 
D29 
D30 
D3t 
D32 
D54 
D86 
D88R 
D104 
Dt05 
Dt 61 
Dt81 
D182 
D183 
0184 
D218 
0219 
0220 
D221 
D225 
0227 
0228 
0231 
0236R 
0237 

FIGURE 4.4-2 28 VOLTS & 20 VOL TS EXCITATION - SCHEMATIC 

Mt 2 (FREQ STD) 
M28 (FREQ STD) 
M29 (FREQ STD) 
0241 
D242 
0243 
0244 
0249 
0254 
0256 
0263 
0261 
L14 
L15 
L16 
Lt7 
L18 
L19 
Ft 
F2 
F4R 
F5R 
D264R l 510 & SUBS 0266 
E42 
E98 
DC AMPS 

Ct 5 
C2 1 
C22 
C50 
C52 
Cl 32 
Cl 36 
Ct59 
Cl 61 
C256 
C257 
C370 
C371 
M4 
M23 
M24 
M25 
M68 
N63 

' 

REV.A 
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· TABLE 4.4-1 
5-VOLT EXCITATION-INSTRUMENTATION 

GROUP BUS SYSTEM AFFECTED 
FAILURE 

NO. AFFECTED MEASUREMENT NO. TELEMETRY CHANNEL 
FAILURE 

FWD. #1 5-VOL T 00177 
CPl B0-01-02-00 
DP1 B0-01 - 02-00 AFT 5-VOLT 

EXCITATION MOD A +4081 CPl B0- 14- 02-00 
(411A99A38) 00179 

DPl 80-14-02-00 

N0018 
CPl B0-03- 06-00 
DPl B0-03-06-00 

EXCITATION MOD 
(404A52A7) 
CONTINUED 

N0055 
CPl B0-05- 07-00 
DPl B0-05- 07- 00 

B 
-4071.1 

CPl B0-13-02--00 
AFT 5-VOLT 00003 

DP1B0-13-02-00 
EXCITATION MOD 

00014 DP1 B0-06-06-00 
(404A52A7) 

CP1 80-1 3-07--00 
00035 

DP1B0-13--07--00 

CP1 B0-13-09-00 
00036 

DPl B0-13-09-00 

CPl B0-13-08--00 
00037 

DPl B0-13-08-00 

CPl B0-13-10-00 
00038 

DP1B0-13-10-00 

CP1B0-13- 05-00 

+4082 
00041 

DP1 B0-13-05--00 C 

00042 DPl B0-06- 07- 00 

CPl 80-13-06- 00 
00043 

DPl B0-13-06--00 

00050 DP 1 B0-06-08-00 

00055 DP1 B0-06-09-00 

00070 DP1 B0-07-02-00 

00071 DPl B0-07-05-00 

00072 DPl B0-07-04-00 

00073 DPl B0-07-03-00 FWD 5-VOLT 
EXCITATION MOD 
(411 A98A2) NO. 2 

NOTE: THIS TABLE IS INCOMPLETE. REFER TO 5-VOL T EXCITATION SCHEMATIC (FIGURE 4.4-1) 

GROUP BUS 
NO. AFFECTED 

C +4082 

D -4071.2 

E +4083 

SYSTEM AFFECTED 

MEASUREMENT NO. 

00097 

00098 

00099 

00100 

00103 

00209 

00223 

00247 

00250 

00251 

G000l 

G0002 

G0003 

G0004 

G0005 

G0008 

G0009 

G0017 

L0007 

F000l 
F0002 
M0012 

M0028 

M0029 

T000l 

T0002 

00178 

00180 

TELEMETRY CHANNEL 

DPl BC-07--07-00 

DPl B0-07-08- 00 

DPl B0-07- 10-00 

DP l B0-07- 09- 00 

D Pl 80-08-05- 00 

DPl B0-07-01-00 

DPl B0-08-03-00 

CPl B0-15- 10-00 
·-

CP1B0-13-07-00 

C P 1 B0-13-09-00 

CP1 B0-23-01-00 

DPl B0-23-01-00 

C Pl B0-23-02-00 

D Pl B0-23-02-00 

CPl B0-23-03-00 

DPl B0-23-03-00 

CPl B0-23-04- 00 

DPl B0-23-04-00 

DP 1 B0-08-09-00 

CPl B0-23-05--00 

DPl B0-23- 05-00 

DP 1 B0-08-1 0-00 

CPl B0-23-06-00 

D Pl B0-23-06- 00 

DPl B0-11-08- 00 

CPl B0-11-08-00 

DPl B0-21-01 - 00 
DPl B0-21-02-00 
DPl B0-04-03-00 
CPl B0-1 S-01-00 

CPl B0-15- 02-00 

D Pl B0-21-05-00 

DPl B0-21-06-00 

CPl B0-01 -03-00 

DPl B0-01-03--00 

CPl B0-14-03-00 

DPl B0-14-03-00 

SHEET 1 of 3 
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GROUP BUS 
FAILURE 

NO. AFFECTED 

20--VOL T MODULE A +4D51.2 

(411A61A242) 

20- VOL T MODULE B +4D51 . 3 

(404A62A241 ) 

SYSTEM AFFECTED 

MEA SUREMENT TELEMETR Y 
NO. CHANNEL 

C0015 DP1 80---02-02-00 

C0052 DP1 80---02-04- 00 

C02 56 DP180---05- 01 -00 

C0257 DP1 8 0---05- 02-00 

C0370 DP180---0 2- 03-00 

C0371 DP180---02- 10- 00 

M0004 DP1 80---04- 02-00 

M0023 DP180---04- 04- 00 

CPI 80---05- 09- 00 
M0024 

DP1 80---05- 09- 00 

M0043 DP1 80--04- 08- 00 

CPI 80---05-08-00 
M0068 

DP1 8 0---05- 08- 00 

C P l 8 0---03-06- 00 
N0018 

DP 1 8 0---03-06- 00 

C PI 8 0---05--07- 00 

N0055 
DP 1 80---05- 07- 00 

N0063 DP1 8 0---09- 05- 00 

C0003 DP1 8 0---1 920 1- 00 

cooos DP180--- 17 L03- 00 

COOi 0 DP180---17 L08- 00 

C0014 DP1 B0-20L03- 00 

C002 1 CPI B0---11 - 07- 00 

TABLE 4.4-1 
20-VOLT EXCITATION 

SYSTEM AFFECTED 
GROUP BUS 

FAILURE NO. AFFECTED MEASUREMENT TELEMETR Y 
NO. CHANNEL 

20--VOL T MODULE B +4D51. 3 C00 2 1 DP180---11 -07- 00 

(404A 62A41) 
CPl 80---1 1-05- 00 

CONTINUED C0022 
DP1 80---1 1- 05- 00 

C0040 DP1 80---1 9 L04- 00 

CPI 80- 11 - 0 3- 00 

cooso 
DP180---11 - 03- 00 

COOS! DP180---19L05- 00 

C0138 D Pl 80---1 9 L06- 00 

C0187 DP1 B0-20L02- 00 

C0208 DP1 80---1 8L07- 00 

C0210 DPl 80---18L08- 00 

C0230 DP180---19L08-00 

C0231 DP180---19L09- 00 

C2012 DP1 B0-20L06- 00 

20--VOL T MODULE C +4051 . 4 C00 57 DP1 80---1 SL.04- 00 

(404A 63A24 1) 
C0059 DP 180---18 L04- 00 

C0368 DP1 B0-20L04- 00 

C0369 DP1 B0-20L05-00 

F0002 DP1 8 0---21 - 02- 00 

T0002 DP1 80---21 - 06- 00 

20--VOL T MODULE D t 4D51.5 C0001 DP1 80---1 7L01 - 00 

(404A 64A 24 1) 
C0002 DP1 B0-17L02- 00 

C0004 DP1 B0-1 9 L 02- 00 

C0006 DP180---1 7 L04- 00 

C0007 DP180---1 7 L05- 00 

C0011 DP1 BO- i 7L09- 00 

C0133 DP1 B0-18L01 - 00 

C0134 DP1 B0---18L02- 00 

NOTE : THI S T ABLE IS INCOMPLETE . REFER TO 20--VOLT EXCITATION SCHEMATIC (FIGURE 4 .4-2) 

GROUP BUS 
FAILURE 

NO. AFFECTED 

20--VOL T MODULE D t4D5 1.5 

(404A 64A241 ) 

CONTINUED 

20--VOL T MODULE E +4051.6 

(404A63A233) 

20--VOL T MODULE F +4051.7 

(404A65A241 ) 

S YSTE M AFFECT ED 

MEA SU RE ME NT TELE ME TRY 

NO. 

C0197 

C01 99 

C0200 

C0214 

C0215 

C0229 

C2030 

C203 1 

M004 2 

F0001 

T0001 

C0009 

C0023 

C0 l 32 

C0 136 

CO i 59 

C0161 

C 0206 

K0001 

K0002 

K00 12 

CHA NNE L 

DP180---1 8 L 03- 00 

DP180---1 8 L05- 00 

DP180---1 8 L06-00 

D Pl B0-20L08- 00 

DP180---1 8 L09- 00 

DP180---19L07-00 

CPI 80---08-07- 00 

CPI 80---08- 08-00 

CP180---14- 1 0--00 

DP180---21 - 01 - 00 

D Pl 80---21 - 05- 00 

DP180---17L07- 00 

DP1 B0-20L01 - 00 

C Pl 80---11 - 04-00 

DP1 80---1 1-04-0 0 

CPI 80- 11 - 06- 00 

DP180---11 - Q, -00 

CPI 80---11 - 01 - 00 

DP180---11 - 01 - 00 

CPI 8 0---11 - 02- 00 

DP180---11- 02- 00 

DP1 B0 - 20L07- 00 

CPI B0-09 R01 - 01 

DP1 B0-09R01 - 01 

CPI B0-09 R02-01 

DP1 B0-09R02-01 

CP1B0-09R03- 02 

DP1 B0-09 R03--02 
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. GROUP 

FAILURE NO. 

20-VOLT F 
MODULE 
(404A65A241) 

20-VOLT 
MODULE G 
(404A66A241) 

TABLE 4.4-1 
20-VOL T EXCITATION 

BUS SYSTEM AFFECTED 
AFFECTED MEASUREMENT NO. TELEMETRY CHANNEL 

+ 4051.7 
K0013 CP1 B0-09R03-01 

CP1 BO-09U03-01 

K0021 CP1 BO-02G00-01 
DP1 B0-02U01-01 

K0110 CP180-09 R02-02 
DP1 B0-09U02-02 

K0112 CP1 B0-09R02-03 
D Pl B0-09 U02-03 

K0126 CP1B0-09R04-01 
DP1 B0-09U04-01 

K0127 CP1 BO-09R04-02 
DP1 B0-09U04-02 

K0155 CP1 BO-09R01-02 
DP1 BO-09U01-02 

K0192 D P1 80-09 U03-03 

M0012 DP18O-04-03-00 

M0025 
CP18O-05-10-00 
DP180-05-10-00 

M0028 CP18O-15-01-00 

M0029 CP18O-15-02-00 

+ 4051.8 SEE NOTE SEE NOTE 

NOTE. THIS TABLE IS INCOMPLETE. REFER TO 20-VOLT EXCITATION SCHEMATIC (FIGURE 4.4-2) 
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S-IVB MEASURING AND RF PANEL(C41P) 

S-IVB ML AND 
LCO ESE I 

K71 i 
T 

+I200141 +I20024:ROUND (E3~1) 

S _ _ _ _ MEASURING 

OFF ON SUPPL y 
~ ~ 0 ,__ 

AUTO 

I D1-23911 01-2390 

I D0-1699 I 

GND • ~· ' MEAS, 
.0 

+4Ul10 
K71 SUPPLY 

0 ONCMD 
(HDWR) 4O8R 

20D2R 

5VDC POWER SUPPLY (1 AMP) (E73) 
SEE (E57) FOR DISTRIBUTIO_N 

~----------------+_4_o_s_1_00. 1 
+ 4081. t----- -ii>- -ii 

r-----< 

0:0 
+40810 

t----------'---+40---082= - M' ~ 1 a 
1 

MEASURING VOLTAGE (E-;--342) 
(0---10 .4.5-5.5VOC) 

+4D83 

VEHICLE □DAS 
* CP1B0-05-09 
VMO0U-411 

VEHICLE DDAS 
:ii CP1B0-05-10 
VM0025-404 

REFERENCE VOLTAGE FOR: 

VEHICLE DDAS 
CPlB<Hf~.:.08 
VM0068-41 1 

II> 

I. EBW CHARGING VOLTAGE METERS (E343 HARDLINE) 
2. 0576 AND 0577 METERS (E191 8 E204) 
3. 0545 METER - PROVISIONAL (E177) 

24D8R (DAC RTN) 

HIGH AND LOW ADJUSTMENT 
CIRCUITS HAVE BEEN OMITTED 
FOR CLARITY. 

+4□131 

t:JD ab LlD D K446 l ~ COMMIT 

4DIR 4D8R +4□810 

HDWR SIGNAL TO HDWR SIGNAL TO 

5 /C AND METERS (E191 ) 5/C AND METERS (E204) 

♦ • , - LH ULLAGE PRESS, - - LOX ULLAGE PRESS, 
TRANSDUCER (D5i6) 1----+----I TRANSDUCER (D577) ----
C-<::3/8 C-<::4/5 
VEHICLE RACS NO RAC~ 

HDWR. SIGNAL TO 
METER (E177) 

4 
..__ COMMON BULKHEAD 

PRESS, TRANS. (D545) .,____ 
C-<::3/7 

.__ _______ _, 

'-----!ESE RACS 
1----------1 

PROVISIONAL 
ONLY 

S-IVB STAGE 

VM0024-411 
4,5-5,5VDC 
ii, CP1 80-05--09 
VEHICLE DDAS 

on 
+ 4081 

FWD NO, 1 
5-VOLT EXCITATION 
MODULE BUS 

(REF . TABLE 4.4- 1") 

VM0025-404 
4,5-5 ,5VDC *. CPI BD----05-10 
VEHICLE DDAS 

. □ 
+4□82 

AFT 5-VOLT 
EXCITATION 
MODULE BUS 

(REF. TABLE 4.4- 1) 

VM0068-411 
4.H,5VDC 
CP1 so=os--08 
VEHICLE DDAS 

.DD 
+4□83 

FWD, NO. 2=------
5-VOLT EXCITATION 
MODULE BUS 

(REF. TABLE 4.4- 1) 

+200141 

SIS f'RELAUNCH CHECK 
GROUP POWER (E346.0) 

OFF ON - ......,__ 
AUTO 

I D1-23931 D1-23921 

I D0-1700 I 

□LS 
+4D110 

] ~',!, MERG. 
~ 
_BANSFER, 

XT. ",t 
1 _!<65;,-

PRELAUNCH 
I 

~~~~l 
K78 K78 ;~ 

) CMD 

PK1 ~'i 
.. ' 

4 DIR 

FIGURE 4.4-6 MEASUREMENT suesv·sTEM SCHEMATIC 

+40110 

~ 'i ) CB1 )cB2 

l 

l i 4DIR 

PKt-- PK2 -.-
I 

+ 4D121 

'DO 

+ 40121 

20D!R 

PRELAUNCH 
R CHECKOUT 

GROUP POWER 
6N 

IND. RELAY 
K1014 

◄-----+----i"~ 

1□0-16871 

I O1-15s1 I 

. ,1"~"'~ K5 CHECKOUT ~ 
GROUP POWER 
ON . 

4DIR 

+4D119 

r--
0---

52-4 

J -1-~---
1411A99A10 
I 
L-- MOT 

B2 

(C-<::12 8) 

4DCOM 

) 52-1 > 52-3 

+4D121.1 

I 
I 
I 
I 
I 

< C 

CENTRAL 
DECODER 
ASSEMBLY 
41 IA98A200 

+4D121 , 1 

' 

CHANNEL 
DECODER 
ASSEMBLY 

(TYP) 8 PLACES• 

SEE INSTR. 
SEQ, Cl 

I 

SEE INSTR. SEQ.Cl 
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T/M 
M24 . . -- -- --

r 
I 
I 
I 
I 
I 
I 
I 
I 
I 

. 

L 

+4D51.2 

EXPANDED 
SCALE 

MODULE 

T/M 
M0016 

~ ~ T/M 
C0102 

+4D31 

FWD 5-VOLT EXCITATION 
MODULE NO. 1 
(411A99A33) 
10 V P-P, 2000 HZ 

,,,.---~ ,,,, __ -

T/M 
M0019 

~ ~ T/M 
C0211 

~~ 

+4D51.2 

FREQUENCY 
TODC 
CONVERTER 
411A61A232 

T/M 
M0043 

~ ~ 

T/M 
M0018 

~ ~ T/M 
M0020 

~~ TIM 
C0103 

~~ -~:1~ ---- -- ~~ -_ f:~~ -----
I -~- -T- --------------~-7 

BATTERY 
HEATER 
CONTROL 

BATTERY 
INSTR. 

FWD BATTERY NO. 1 UNIT 1 

---

I 
I 
I 
I 
I 
I 
I 

BATTERY 
HEATER 
CONTROL 

INSTR. 
BATTERY 

FWD BATTERY NO. 1 UNIT 2 -~----,__ ________ _ 

I 
I 
I 
I 
I 
I 
I 
J 

I --

BATTERY 
HEATER 
CONTROL 

BATTERY 
INSTR. 

FWD BATTERY NO. 2 

-------
FIGURE 4.5-2 FWD 5-VOL T MODULE NO. 1 - 10 V P-P, 2000 HZ - SCHEMATIC 
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5.0 EBW SYSTEM 

5.1 SYSTEM DESCRIPTION 

THE S-IVB EBW SYSTEM IS COMPOSED OF TWO SOLID FUELED ULLAGE ROCKETS, AN ULLAGE ROCKET IGNITION SYSTEM, AN ULLAGE ROCKET JETTISON 
SYSTEM AND EBW'S USED IN CONJUNCTION WITH THE RANGE SAFETY SYSTEM (TO BE COVERED IN ANOTHER SECTION). THE ULLAGE ROCKET IGNITION 
SYSTEM IS COMPOSED OF TWO EBW FIRING UNITS. TWO EBW DETONATORS, EXPLOSIVE MANIFOLD AND CDF TRAIN. 

THE JETTISON SYSTEM CONSISTS OF TWO EBW FIRING UNITS, CDF MANIFOLD, CDF TRAIN AND EXPLOSIVE BOLTS. 

BOTH IGNITION AND JETTISON SYSTEMS OPERATE IN THE SAME MANNER BY APPLYING A 28 voe CHARGING COMMAND; WAITING A MINIMUM OF 
1 1 /2 SECONDS AND APPLYING A 28 voe TRIGGER COMMAND WHICH STARTS THE ORDNANCE. 

FOR CHECKOUT AND OAT'S, PULSE SENSORS ARE USED IN PLACE OF THE ORDNANCE. THE PULSE SENSOR IS AN ELECTRONIC DEVICE THAT 
ACCEPTS THE OUTPUT OF THE EBW FIRING UNIT AND PROVIDES A DDAS OUTPUT IF THE ENERGY OF THE PULSE WAS SUFFICIENTLY HIGH. THE 
PULSE SENSOR ALSO HAVE A SELF(TEST AND A RESET CAPABILITY. 

THE ESE PROVIDES CONTROL FOR PULSE SENSOR POWER, SELF-TEST AND RESET COMMANDS. THERE ARE FIRED INDICATIONS FROM EACH PULSE 
SENSOR AND AN INDICATION FOR THE STATUS OF PULSE SENSOR POWER. 

THE ESE ALSO HAVE THE EBW FIRING UNIT CHARGING VOLTAGES DISPLAYED AS WELL AS THE STATUS OF THE EBW SYSTEM RELAYS. THERE IS AN 
UR SYSTEM ENABLE SWITCH WHICH MUST BE ON AS WELL AS A JUMPER INSTALLED TO ENABLE THE EBW'S. 

5.2 CRITICAL MEASUREMENTS 

THE EBW SYSTEM HAS NO REDLINE MEASUREMENTS. THE PILOT RELAY RESET INDICATION IS THE ONLY CRITICAL INDICATION AND IS A PART OF 
THE PREPS COMPLETE LOGIC CHAIN. 
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6.0 
6. 1 

6.1.1 

6.1.2 

RANGE SAFETY SYSTEM 

SYSTEM DESCRIPTION 

THE RANGE SAFETY SYSTEM CONSISTS OF A RANGE SAFETY ANTENNA SUBSYSTEM, rwo SECURE COMMAND RECEIVERS , TWO RANGE SAFETY CONTROLLERS , 

TWO SECURE RANGE SAFETY DECODERS, TWO EXPLODING BRIDGEWIRE (E BW) FIRING UNITS, TWO EBW DETONATORS AND A COMMAND SAFE AND ARM DEVICE 

THAT CONNECTS THE TERMINATION SYSTEM TO THE TANK-CUTTING CHARGE. ELECTRICAL POWER FOR ALL THE ELEMENTS EXCEPT THE SAFE AND A RM 

DEVICE IS SUPPLIED FROM SEPARATE STAGE BATTERIES. 

GROUND INITIATED COMMANDS ARE TRANSMITTED IN THE FORM OF TONE SIGNALS. THE T ONE S IGNALS ARE RECEIVED BY THE RECE IVE R AND DECODED BY 

A DECODER NETWORK Wh lCH IN TURN ENERGIZES RELAYS IN THE RECE IVE R AND RANGE SAFETY CONTROLLER. THE RELAYS SUPPLY 28 voe FOR THE 

DESTRUCT ARM CUTOFF, DESTRUCT, AND TURNOFF EVENTS. 

THE DESTRUCT ARM,/CUTOFF COMMAND WORD ACTIVATES A RELAY IN THE RANGE SAFETY CONTROLLER. THE CONTROLLER RELAY ACTIVATES THE 

ENGINE CUTOFF CIRCUITS IN THE SEQUENCER THEREBY CUTTING OFF THE ENGINE. AT THE SAME TIME, POWER IS SUPPLIED TO THE RANGE SAFETY EBW 

FIRING UNIT STORAGE CIRCUITS CHARGING THE UNITS. THE SYST E M IS THEN READY FOR A DESTRUCT COMMAND. 

AS A RESULT OF THE DESTRUCT COMMAND WORD, 28 voe IS ROUTED FROM THE RANGE SAFETY RECEIVER CONTROL LER TO THE TRIGGER CIRCUIT IN THE 

EBW FIRING UNITS, THUS ENDING THE STAGE FLIGHT AND DUMPING THE REMAINING ONBOARD PROPELLANTS. THE PROPELLANT DISPERSION ORDNANCE 

COMPONENTS ARE ILLUSTRATED IN FIGURE 

IF NO DESTRUCT COMMAND IS GENERATED (I.E., SUCCESSFUL LAUNCH), THE TURNOFF COMMAND WORD IS INITIATED. CONTROLLER RESPONSE TO THIS 

COMMAND ENERGIZES A SERIES OF RELAYS SWITCHING THE SYSTEM FROM INTE RNAL TO EXTERNAL POWER, THUS CUTTING OFF POWER TO THE RANGE 

SAFETY FLIGHT TERMINATION SYSTEM AND RETURNING IT TO THE "SAFE" STATE. FIGURE ILLUSTRATES THE RANGE SAFETY SYSTEM DATA FLOW. 

THERE ALSO ARE TWO PULSE SENSORS WHICH ARE USED FOR CHECKOUT. 

ANTENNAS 
THE ANTENNA SUBSYSTEM CONSISTS OF TWO FOLDED-SLEEVE ANTENNAS MOUNTED DIAMETRICALLY ON THE STAGE. LONGITUDINALLY, BOTH ANTENNAS 

ARE MOUNTED AT THE MIDSECTION OF THE FORWARD SKIRT. THE TWO ANTENNAS ARE INDIVIDUALLY CONNECTED TO A HYBRID RING POWER DIVIDER BY 

COAXIAL CABLES OF EQUAL PHASE LENGTH. THE POWER DIVIDER IS A 3 DB HYBRID RING IN A STRIPLINE ASSEMBLY THAT SEPARATELY SUPPLIES SUM 

AND DIFFERENCE SIGNALS TO A DIRECTIONAL POWER DIVIDER. 

THE DIRECTIONAL POWER DIVIDER IS ESSENTIALLY A 24-DB DIRECTIONAL COUPLER AND A POWER DIVIDER COMBINED INTO ONE STRIPLINE ASSEMBLY. 

ITS FUNCTION IS TO PROVIDE A MEANS OF APPLYING A SECURE CLOSED-LOOP CHECKOUT SIGNAL T O THE RECEIVERS FROM THE GSE . TWO OUTPUTS 

OF THE DIRECTIONAL POWER DIVIDER ARE SEPARATELY APPLIED TO TWO SECURE COMMAND RECEIVERS. 

THE ANTENNA RADIATION PATTER COVERAGE IS BASICALLY OMNIDIRECTIONAL, PROVIDING ADEQUATE GAIN OVER 96 PERCENT OF THE SPHERICAL SOLID 

ANGLE REPRESENTING GROUND STATION LOOK ANGLES DURING POWERED FLIGHT. THE RF SUBSYSTEM LOSSES ARE APPROXIMATELY 3-DB AND THE 

SUBSYSTEM VSWR IS 1.5:1. 

RECEIVERS 
EACH SECURE COMMAND RECEIVER IS A DOUBLE CONVERSION, CRYSTAL CONTROLLED, SOLID-STATE, SUPERHETERODYNE FM RECEIVER HAVING TWO 

ISOLATED AUDIO OUTPUTS OF A NOMINAL 1 VRMS LEVEL WITH A BANDPASS CHARACTERISTIC OF APPROXIMATELY 300 HZ TO 250 KHZ. THE RECEIVER 

HAS AN INTERNAL POWER SUPPLY TO PROVIDE POWER, ISOLATION, AND REGULATION. 

COMMANDS TO THE SECURE SYSTEM CONSIST OF A MESSAGE FORMAT OF TWO WORDS: AN "ADDRESS" WORD AND A "COMMAND" WORD. THE 

ADDRESS WORD CONSISTS OF 9 CHARACTERS AND THE COMMAND WORD CONSISTS OF TWO CHARACTERS, THUS THE TOTAL MESSAGE COMPRISES 

11 CHARACTERS. EACH CHARACTER CONSISTS OF TWO SIMULTANEOUS TONE PAIRS IN THE RANGE OF 7.35 TO 13.65 KHZ: REV.A 

6-1 



6. 1. 3 DECODERS 
THE DECODER ACCEPT S THE DEMODULATED TONE PAIRS FROM ONE OF THE AUTO OUTPUTS OF THE RECEIVER . SEVEN TONE FILTERS AND SEVEN 

THRESHOLD DETECTORS DETECT THE PRESENCE OF A PARTICULAR TONE AND ESTABLISH A DECISION LEVEL. THE DATA IS PROCESSED THROUGH 

21 AND GATES TO THE INPUT OF A CODE PLUG. THE CODE PLUG SETS UP THE CHOSEN CODE-- OF THE · DAY CONFIGURATION AND UNSCRAMBLE S 

THE CODE FOR USE BY THE SEQUENCER REGISTER WHICH DETERMINES IF THE ADDRESS IS CORRECT AND S ETS UP THE ENABLING CIRCUITS TO 

ACCEPT THE COMMAND . IF THE ADDRESS IS WRO '.'\IG IN T IMING OR SEQUENCE . THE ENABLE CIRCUITS ARE INHIBITED AND THE UNIT RESETS TO 

AWAIT ANOTHER ADDRESS. IF THE ADDRESS IS CORRECT. THE COMMAND WORD IS PROCESSED THROUGH THE FILTERS AND ENABLES THE CLOSING 

OF THE APPROPRIATE RELAYS WHICH SUPPLY 28 voe POWER TO THE CONTROLLER . 

THE CODE PLUG S:JPPLIED WITH THE DECODER IS A " TEST' ' PLUG AND WILL BE EXCHANGED FOR A "CODE ·- OF THE ·- DAY " PLUG UPON ARMING OF 

THE VEHICLE . 

THE RECEIVER AND DECODER ARE SUPPLIED BY 28 voe POWER FROM EITHER A GROUND SOURCE (EXTERNA L) OR BY AN INTERNAL SOURCE . THE 

SOURCE USED IS DETERMINED BY THE SETTING OF A RELAY IN THE RANGE SAFETY CONTROLLER . 

6.1. 4 CONTROLLERS 
THE RANGE SAFETY CONTROLLER IS A RELA Y PACKAGE TH /\ T CONTROLS T HE lr"tPUT TO THE RECEIVER POWER SUPPLY AND THE OUTPUT OF THE 

RECEIVER AND PROVIDES INPUTS (CHARGE AND FIRE) TO THE TWO RANGE SAFETY EBW FIRING UNITS. 

u.1. S SAFE AND ARM DEVICE 

WHEN IN " SAFE" POSITlO1'L THE DEVICE PREVENTS ACCIDENTAL ACTIVATION OF THE RANGE SAFETY ORDNANCE DEVICES DURING PRE LAUNCH 

ACTIVITIES. THE SAFE A i-.iO /,RM DEVICE ,:\ R M S THE ~A NGE SAFETY FLI GHT TERMINATION SYSTEM ON COMMAND BY ALIGNING TWO EXPLOSIVE 

LEADS WITH EXPLOSIVE TRAINS. THE TANK- CUTTING CHARGE LEADS ARE CONNECTED TO THE VARIOUS DESTRUCT ORDNANCE DEVICES LOCATED 

ON THE S ·-- IVB STAGE. THE SAFE AND ARM DEVICE CONSISTS OF A 28 voe SOLENOID- OPERATED UNIDIRECTIONAL SHAFE THAT CONTAINS TWO 

EXPLOSIVE CHARGES PLACED IN ' 1SAFE '' OR '' ARMED " POSITION WHEN THE SOLENOID IS ACTIVATED . THE SHAFT IS MECHANICALLY ATTACHED 

TO THE SOLENOID BY A RATCHET AND IS POWERED THROUGH 90 DEGREES OF CLUTCH TRAVEL BY THE SOLENOID . ,1\ T THE 90· DE C REE POINT . 

POWER IS REMOVED FROM THE SOLENOID B Y A CAM- OPERATED MICROSWITCH. THE SOLENOID THEN RETURNS TO THE STARTING POSITION . 

BECAUSE OF THE RATCHET ACTION OF THE CLUTCH. AND IS HELD IN THIS POSITION BY A SPRING· LOADED DETENT. EACH SUBSEQUENT APPLI

CATION OF POWER CAUSES THE SHAFT TO ROTATE 90 DEGREES CLOCKWISE: '' SAFE " T O " ARM " TO " SAFE ". ETC. PRIOR TO LAUNCH. THE SAFE 

AND ARM DEVICE IS SET TO ' 'ARM '' POSITION BY GROUND SUPPORT EQUIPMENT IN THE BLOCKHOUSE. AFTER UMBILICAL DISCONNECT DURING 

LAUNCH. THERE IS NO CONTROL OF THE SAFE AND ARM DEVICE. 

6 .1. 6 EBW FIRING UNIT 

6.2 

THE EBW FIRING UNIT CONTAINS THE ELECTRONICS NECESSAR Y TO FIRE AN EBW DETONATOR . THE FIRING UNIT CONSISTS OF A HIGH VOLTAGE 

POWER SUPPLY . AN ENERGY STORAGE UNIT . A TRIGGER CIRCUIT AND A SPARE GAP. APPLICATION OF 28 voe TO THE FIRING UNI T CAUSES THE 

INTERNAL CAPACITOR TO CHARGE TO 2300 VOL TS. UPON APPLICATION OF THE TRIGGER COMMAND . THE SPARK TUBE IS Cf'Ol' EN DOWN CAUSING 

THE CAPACITOR TO DISCHARGE ACROSS THE DETONATOR. THEREBY E XPLODING IT . 

CRITICAL MEASUREMENTS 

THE RANGE SAFETY SYSTEM DOES NOT CONTAIN ANY REDLINE MEASUREMENTS. HOWEVER. S IGNAL STRENGTH MEA S UREMENTS N 57 AND N6 2 ARE 

MONITORED DURING COU NTDOWN AND ARE CAUSE FOR A HOLD OR SCRUB. 

RECEIVE Rf 1 SIGNAL STRENGTH (N57) AND RECEIVER# 2 SIGNAL STRENGTH (N62~ PROVIDE AN INDICATION OF THE CARRIER REQUIRED FOR PROPE R 

OPERATION OF THE S YSTEM. 
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I 20D241 I I ~001 ~1 I I 20 DIR 20 DIR I r + 20D141 l 
RSCR NO.I 

STATUS RSCR NO. 1 POWER TRANSFER 

SYSTEM GN O PWR G) RSCRNO. , G) RSCR NO., SWITCH 

OFF SAFE. 
~ ~ 

POWER ON INTERNAL 
~ ~ • I • POWER ON 

ALJTO PROPELLANT [!ISPERSION PANEL AUTO 

$ C4EV $ C4EV 

I I I 20D2R --<( 

RSCRN~,s 0 K102~ RSCR NO 1 N ..,. 
ON \HDWR 

~ 
0 

I 2002411 "' 1 LCC PATCH 
DISTRIBUTOR 

I 01 22 17 I I D1 22 16 I 
~ 

I Dl- 2770 I Do--0544 ] D01671 I I D0--1924 I I D10590 I I 01059 1 I 

~ I 001 612 I I 01- 0544 D11671 L 01- 1924 I I 000590 I I 000591 I 
I I 

I _L K 668 
...I... K670 I 

~ ''") 
INT. CKT. [g2) 

'SAFETY fi ' SAFETY I ~ 40110 I 401 I 0 
K670 BUS 

K 674 1RSCR NO. 2 

.;. 40110 BUS 

(322) 
IL PROP. DISP. K671;;~P.D. SAFE ~ Ko71; 
- SAFE POWER ON K659 PWR . XFR 

I 20D2R I PILOT RELAY[ 
(330) --POWER ON EXT. 

K666;~ PWR XFR EXT __ K666 K666 PWR 

~RSCR NO 2 (321 ) XFR 

RSCR NO. •-~K,'8 ~ KC68 :4 K675 7 -oN CMD K66~ - --RSCR N0. 1 KGGl - - PWR XFR INT. K 667 

POWER ON T (321 ) RSCR NO.I (322) 
(330) 

('2' JPWR ON -~ 'NT K689:; 
~ SIC FIRING (321) 

PW~ON K68 ~ -
~EBW NO. I ... COMMAND 

~ T 
(330 ; ~ '-oN RSCR NO. 1 

IJ> !~ 
M K669 ON CMD 
N RSCR NO. 1 L 

~ K663 ~ I I ~EBW NO. 2 (322) (GND PWR) l<663 ..,. 4DIR K686-
I POWER PWR 

N TRA NSFER -, (330)° 7 .._ ON 
INT XFR EXT a PWRO~~ X ~c:: Kl!:'" PILOT RELAY 

K681_._ S&A ARMED PWR (322) PWR 
K659 

"'" { RSCR 
(322) ''\~ RSCR NO.I j_ 

(321 ) NO 1 ON 
K688 _._ K

688 
ORDNANCE OK ON CMO __ K669 

COMMAND (322) ~ 
(330) (READY FOR (GNO PWR! (322) 

LAUNCH) I ~ 40110 I 0 

I 40 1R I 4DIR I 401R I I 4DIR I 4DIR l I 40IR l 
ML PATCH DISTRIBUTOR 

M L CROSSOVER 

DI S TRIBUTOR 6261 

S IVS S TAGE 
411W1J1 35 411W2J1 29 37 411 W1J1 "60 

I 40119 l I 40 30 I 
J_ j_ KS 

s ·,t r 

1..,£K5? 
... 

K1 == {, "' KS --, 

T 
7'-, 

KS< 

.... 
"i[ ir 

C-C17 2) (C-C17 2) 

".l[ i r 

@-· I 4DCOM I 1 
4DCOM I 6-6 SAFING 

CONTROLLER NO. 1 PLUG 

V DDAS 

N57-411 PWR SAFE 

CPIB0--03--09-00 
L--- CMD 

SECURE COMMAND 
RECEIVER NO. 1 ., 

SECURE COMMAND DECODER 

6-4 



~ 
N 

7 
N 
0 
X 

S-IVB-V EBW POWER CONTROL 
20DIR l I 2001 41 I I 200141 I I 20DIR I 20DIR 

SAFETY EBW NO. 1 EBW NO. 1 EBW NO. 1 EBW NO. i 
BUS ON POWER TRANSFER GROUND POWER POWER ON INTERNAL 

PROPELLANT E XTR OFF OFF ON 
POWER ON 

G R 
Dl '.:-> PER S ION - - - - R - - -
PANEL AUTO AUTO 

C4EV ~ I INTEG 

L CC PA T CH 

D ISTRIGUTOR 

Kt028 
_.._ EBW I + 200241 l I 20O2R I - T N0. 1 

<( ON 0 !~ EBWN0. 1 N Kt02 ON .., 
I + 200141 l I 

(328) (HDWR) X 
0 

"' 

001670 I I DI 2222 l I 01 -- 2223 I I 01- 2225 I I 01- 2224 I 00-1684 SAFETY BUS 
ON COMMAND 

l INTEG I DI 1670 I DO 1615 I I 00-1 616 I I 01-2 168 01-1684 

l I 
T I PD j_ 

T I +4D110 <f ~:c".°' 
I SAFETY BUS ·SYSTEM I 4DIR l K683 -.- EBW NO. 1 

!,t SAFE 
ON 

K 682 XFR . E XTR K671 ; -- l K683 _._ - K683 __ 

"" 

i "'r K665-- (328) EBW } T K684 ;; - EBW NO. 1 

EBW NO. 1 NO. 1 
POWER ON 

I 4DIR I K684 POWER ON ON EBW 
COMMAND 

K683 i..- (328) COMMAND (328) NO. 1 

I I ""'f KG71 : :: PD SYSTEM SAFE ON 1 EBW NO. I 
4DIR (328) POWER ON 

I HARDWIRE K684 
-- COMMAND 

I SAFETY BUS I COMMAND PD RSCR NO. 1 
EBW FIRING UNIT K668 ; ~ POWER ON I 4DIR I I + 4Dt t0 I +40110 I POWER TRANSFER 

ML PATCH DISTRIBUTOR 
INTERNAL ',, 

ML C ROSSOVER 
D IS TRIBUTOR 6261 

S-IVB STAGE 411W1J1 56 411W2J1 38 

I 
l411W1J1 29 411W2J1 27 

4031 I I 4030 
I 

CONTROLLER NO, 1 ~~ /3\ KS LL Kl ..... K2'-l,l , .... 
K2 L._ .... 

~ K2~ (C-C17/2) Tcc-Ct7/4) 

;h 

(C-Ct7/ s) -n 
I~ (C-CI 7/4) 

ZK2 <;cc~17/3) 
- M30-4·t 1 

A DPT B0-04--05-00 

K.4 ~-
r 

/4\ 
.IL 

I I ,- K4 
(C- CI 7/ 5) · ~ 4DCOM -~ 

/g\~ 'cl \t:Y A 

EDS 2 y ESE T-f~- ENG C O COMMAND ARM AND ENG PO COMMAND , _"Y_Y_-Y_' -
~ ..... 

T 
REC - ~ 

1 

I 
CO CMD I ) I l n-404A2 ~ '""' '" ) I> ] Q 

R 

K22 : ~ K22 K38 ) I> 
I-

(C-CI 2/1) 1 ~(C-C2/7f? (C-C2/7) 
SECURE COMMAND DECODER 1 ,.r" :J 

) I> 
Q. 

""I l I ~ 
I-
:J 

4DCOM I I 4DCOM I 
,, 0 

I u 
'~ ENG,NE CONTROL ABORT REQUEST I 

osc - -
POWER SWITCH TO I.U. I l REV. 

4OCOM EBW FIRING UNIT 
A 
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PROPELLANT 
DISPERSION 

PANEL 

EBW NO 1 
FIRED 
(330) 

RSCR NO. 1 
ARM l ENG. 
CUTOFF 

INTEG 

LCC 
PATCH 
DIST. 

DDAS 
K141-411 +20D141 

CP18Cr-
09R04-07 

RSCR NO. 1 
ARM&. ENG. 
CUTOFF 

+ 20D241 +20D141 

ML 
PATCH 

DIST. 

~ 
N 

! 
0 
X 

K608 

ML CROSSOVER 
DISTRIBUTOR 6261 

5-IVB STAGE 

DDAS 
K141 - 411 

RANGE SAFETY 
PULSE SENSOR 
#1 

RSCR NO. 1 
ARM£ ENG. 
CUTOFF 

4DIR 

411W1J1 31 · 

Kl 

K1040 

+ 20D141 

PROPELLANT DISPERSION RSCR NO.l MONITOR 
SOK 

EBW 
CHARGING 
VOLTAGE 

(330) 

RSCR NO. 
PROPELLANT 
DISPERSION 

INTEG 

+20D141 

20 DIR 

RSCR NO. 1 
OFF CMD 

20 DIR 

INTEG 

20D2R 

+ 20D141 

K1042 
(325) 

K1042 

4D119 4D810 

4DIR 4D8R 

11 
411A99A10 
K19 @C-W/S) 

4DCOM 

100K 

SK 

K1041 
(325) 

RSCR-NO. 1 
PROPELLANT 
DISPERSION 

60K 

100K 

PROPELLANT 
K1041 

20D~R 

K1036 
_____ (325) 

+20D141 +20D241 

4DIR 

23 

Kl 

RSCR N0.1 

P. D. 

411A99A10 

K19 
(C-C17/3) 

RSCR NO. 1 

OFF CMD 

K609 

CONTROLLER# 1 
411A97A13 

s 
co 

p 

RSCR NO. 1 
OFF CM~-

K677 

~ t20D141 

+4D110 

K677 

J+II 

RSCR NO. 1 
OFF 

COMMAND 

SPECIAL 
COMP'NT 

PANEL 

4D119 

4DCOM 

411A99A10K19 
(C-C17 3) 

27 
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S-IVB-V RSCR NO. 2 POWER CONTROL 

I -t-20D141 I I 20 DIR I 20 DIR I I + 20D 141 I 
RSCR NO. 2 POWER TRANSFER 

PROPELLA NT GND P WR d) RSCR NO., d) RSCR NO. , SWITCH 

Dl ~ PER ~ ION ~ ~ 
POWER ON INTERNAL 

E~ ~ 
PA NE L 

POWER ON 
AUTO AUTO 

~ e 
I I LCC PATCH I 20D2R I 

DI S TRI BU TOR 
RSCR NO. 2-~K1026 

:i: K1 02~ RSCR NO 2 

0 
ONT (323) (323) ON \HDWR 

"' ... 
* 20D141 I I 20D24 1 I 
0 

"' 

I Dl-2219 I I DI-2218 I 
...--J 

I DI-2771 I D0-1672 I DI---0592 I I DI---0593 I 

~ I D0-1613 I I DI-1672 D0---0592 l I D0---0593 l 
I I 

~IL PATCh I j_ K674 INT. CKT. EXT . CKT 
I 

DISTRIBUTOR ' SAFET Y 

l+f"I 
'SAFETY 

BUS I +4D110 I T I +4D110 BUS 

Ku71; ~ PROP. DISP. 
- SAFE POWER ON v[K660 

K671;;~ P . O. SAFE 
PWR . XFR 

PILOT RELA Y K672? ~ PWR XFR EXT __ K672 EXT. 
K672 PWR .... 
(323) XFR 

RSCR NO. ,.~K"' 1s Km:~ K674 :::RSCR NO.2 K613---PWR XFR INT. K673 

:i: POWER ONT (323) RSCR NO.2 PWR ON ·-~ INT K689:; ~SIC FIRING (323) 

M PWR_ ON 
'"""COMMAND 

"' LiRSCR NO. 2 ... 
T G I 

K675 ~ 
R 

"' 
._ON CMD 

0 RSCR NO. 1 I-

~ K664 RSCR NO. 2 I I K664 
>< 4DIR (GND PWR) 

POWER PWR 
TRAN S FER -, 

PWRO~~ 
INT XFR EXT ___ SYSTEM 

PILOT RELAY PWR PWR "IFE K660 

RSCR 
(323) RSCR NO.2 j_ 

""' { (323) NO 2 ON 
ON CMD __ K675 

COMMAND 
(GND PWR ! 

I-'-4D11ol ~40110 

4DIR I 4DIR I 4DIR l 4DIR l 

ML CROSSOVER 

D IS TR IBUTOR 6261 

5-IVB STAGE 411W1JI 34 411W2J1 28 57 411W1J1 50 

I 4D119 I I 4020 I 
I I 

KS J_ J_ SAFING PLUG 

L ,L. KS J~ {,"' (C-Ct 8/2) -r, T 
,,. r, 

Kt:;:: 
(C-C18/2) 

. 

~ .~ ,t 
l4DCOMI 

/6\ 
5 

.~ ... 
"d 

. ~ 
l 4DCOMI 5 

CONTROLLER NO. 2 
6-9 

'ii' DDAS PWR SAFE 

N62- 41 t 
CMD -CPIB0---03- 10-00 SECURE COMMAND 

.... REV.A SECURE COMMAND 
RECEIVER NO. 2 DECODER NO. 2 
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PROPE LLANT 

0 1'.:> PER S ION 
PANEL 

L CC PATCH 

D IS TR IBUTOR 

< 0 
N ... 
* 0 

"' 

ML PATCH 
D IS T RIBU T OR 

~ 
N ... 
I 

N 
0 
X 

M L CROSSO VE R 
D IS TRIB UTOR 6261 

S IVS S TAGE 

ENG 
CUTOF F 

S-IVB-V EBW POWER CONTROL 
I 200 141 I I 2001 41 I I 20DIR I 20 DIR 

EB W NO. 2 EBW NO. 2 EBW NO. 2 EBW N.O. 2 

POWE R T RA NSFER GROUND POWE R POWE R ON INTERNAL 

E XTR 
POWE R ON 

OFF OF F ON R R - - - -- -
AUTO AUTO 

~ 
K1029 

_.._ EBW I + 200 24 1 1 I 2002R I T NO. 2 
ON ~ EBW NO. 2 

K1029 ON 
I + 200141 1 (329) (HDWR) 

Dl;-2226 I I 01-2227 1 I Dl-2229 1 I Dl- 2228 I D0-1685 

I 00-1617 I I D0-1618 I I Dl-2769 Dl- 1685 

I I 
I I PD j_ 

I 1 -1 011 0 ,{~::.°' I SAFE T Y BUS I 4DIR I 
K686 _ _ EBW NO. 2 

S YSTEM ON 

K671 ; 
L,c SAFE _.._ 

K686 --K 685 XFR. E XTR - K686 __ 
K687; 

LI. 

(329) EBW 1 
_ EBW NO. 2 

EBW NO. 2 NO. 2 
POWE R ON 

I 40IR I K687 POWER ON ON K~6 {:EBW COMM AND 

(329) COMMAND (329) NO. 2 

1 K685T K 671 :: PD SYSTEM SAFE ON 

I HARDWIRE K687 _,... 

COMMAND PD RSCR NO . 2 

K674 ; ~ POWER ON EBW FIRING UN IT 
4DIR I + 401 10 I - + 4D110 I 

POWER TRAN SFER 

INTERNAL 
'- ., 

411W2J1 36 58 411W1J1 28 41 1W2J1 26 
t + 40 21 I 4D20 I 

K4 LIL .. .J_K5 
(C-C18/5) rri -- /7'\ Kl ·-'-'- K2 ;:c K2 L ~ 

-':;Ki.. A (C-C18/2)-r, (C-C18/4) T 
R 

,- '{j7 
(C-C18/5) 

{ {~ (C-C1 8/3) _ .,,_ K4 

- la\ 
7' '- ( c-c 18/ 2) 

T 

4DCOM I 'ti/ 

·~ ~ 
ARM v E NG PD ,- C/ 0 CMD COMMAND ----

{ K44 
(C-C2/7) 

TK44 

ABORT · r--REQUE ST SECURE COMMAND 

I 4DCOM TO I.U. DECODER NO. 2 14 DCOMI 

(C-CI 8/4) 7 -, 

-

~ 
I 

TRIGGER 
ARM 

-

~ EBW FIRING 
UNIT (T Y P) 

CONTROLLE R NO. 2 

.:V. DDAS 
M31 -411 

DP I 80-04--06--00 
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PROPELLANT 
DISPERSION 
PANE L 

LCC 
PATCH 
DIST. 

20 DIR 

EBW#2 
FIRED 
(330) 

RSCR NO. 2 
ARM l ENG. 
CUTOFF 

INTEG 

DDAS K1 42 
CP I BCr-
09 R04-08 

+ 20Dl41 

CR NO. 2 
M & ENG. 

20 DI R 

F 
CHED) 

K1043 
(32 6) 

20D2R 
s 
C 

RSCR NO. 2 
ARM&. ENG. 
CUTOFF 

+ 20D241 

ML 
PATCH 
DIST. 

K610 

ML CROSSOVER 
DISTRIBUTOR 

K1037 T 

I +20D141 

RSCR NO. 2 

ARM£ ENG. 

CUTOFF 

4DIR 

5-IVB STAGE 41 IW1J1 30 

DDAS 

K1 42 

RA NGE SAFETY 

I PULSE 

SENSOR 2 

Kl 

+ 20D141 

PROPELLANT DISPERSION RSCR NO. 2 MONITOR 

14 

K l 1A99A10 

K20 @C--C,s/S) 

4DCOM 

RSCR NO. 2 
PROPELLANT 
DI S PER S ION 

INTEG 

20 DIR 

+20D l41 

I00K 

SK 

s 
C 
' p 

RSCR NO. 2 
PROPELLANT 
DISPERSION 

60K 

100K 

CONT ROLLER # 2 

PE RS ION, Kl 044 
TCH E D) 

+ 20D1 41 

4DIR 

22 

Kl 

411A97Al 9 

20D2R 

K611 

A 11A99 A1 0 

K20 

(C- C18/ 3) 

!OK 

+ 20DI 41 

RSCR NO. 2 

OFF CMD 

20 DIR 

K1045 
(326) 

RSC R NO. 2 
20D2R 

+ 20D241 

K1039 
(326) 

RSCR NO. 2 

OFF CMD K678 K678 

11,1 

.. +-
4
-
0

-
1
-
19

- INDICATION 

---..--- BUS 

41 IA99A I 0 
K20 

(C- C1 8/ 3) 

4DCOM 

t20D l41 

+ 4DI 10 

RSCR NO. 2 

OFF 
COMMAND 

SPECIAL 
COMP'NT 

PANEL 
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PROPELLANT 

DISPERSION 

PANEL 

LCC 
PATCH 
DIST 60X-420A1 

ML PATCH 
DIST 

ML CROSSOVER 

DIST. 6261 

S--IVB STAGE 

S-IVB-V PROPELLANT DISPERSION RSCR ENABLE -

01 - 2221 

I 

I 

JUMPER: 
202-423A2E2 I 

K676 
(324) 

+200141 

OFF 

PROPELLANT DISPERSION RSCR 

ENABLE 
ON 

AUTO 

DI - 2220 

00-1614 I I INTEG I 

I 

r + 40110 l 
PROPELLANT 

DISPERSION 
RSCR ENABLE 

<'K468 
(334) 

I 4 DIR I I 4DIR I 

40110 I 
• 1£, K453 

' - (i82) 

-- K468 T (334) 

20DIR 

00-1674 

I Dl - 1674 

411W1J1 25 

RSCR NO. 1 PROPELLANT 

DISPERSION BLOCK 

INTEG 

--K4-2 

I (C·C17/2) 

I + 40110 

... ~ T - 17 SEC K468 t 
(324) -

!,-' PD RSCR'S 
K676 -
(324) -, 

- ENABLE 

411W2J1 52 

.L 
K676 7 -

51 

20DIR 

001673 

I DI 1673 

411W1J1 24 

RSCR#2 PROPELLANT 

DISPERSION BLOCK 

INTEG 

K4- 1 

I __ K4-1 "'t {-,-, 1•-2 tKH (C·C18/2) 
__ K4- 2 

I 4DCOM I 

CONTROLLER~ 1 

I 40119 I 

I 4DCOM l 

CONTROLLER #2 

f 40119 I 
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PROPELLANT DISPERSION SAFE & ARM CONTROL 

+200241 I I +200141 I 20DIR r 20 DIR I 
STATUS SAFE AND ARM DEVICE STATUS SAFE d) STATUS SAFE(!) 

PROPELLANT -------------- AND ARM R AND ARM G 
DISPERSION SAFE ARM SAFE_ - ARM SAFE ARMED 
PANEL 

.... • - -
AUTO AUTO 

C4E V 

LCC PATCH 

DISTRIBUTOR 

I I I I 

r 20D2R I ◄~ INTEG 20D2R INTEG I 

SAFE AN~?. 
SAFE AND -- Kl027 ARM SAFE 

ARM SAFE T K1027 

+20D141 I +20D241 I 

I D1- 0594 I I D1- 0595 l I D0--1683 I 

I Do---0594 1 r INTEG I I D0- 0595 I r D1- 2767 I D1- 1683 

ML 
PATCH S&A 

K679 _L ~ K679 DIST. K679{ S& A SAFE SAFE; 
(327) COMMAND 

1+1101 
CMD S&A 

+401101 +401101 I +4D110 I I +4D110 I KWl - .... K680 ARME□ 

1£ <s-,c 
K689 ~ KGB9 FIRING - (327) CMD 

I 4DIR I 

SPECIAL 

!!: 7 S&A 
COMPONENTS 

K662 
PANEL SAFE~ CMD (327) 

CMD K661 
(327) 

( 4DIR I 4DIR 

ML CROSSOVER 
DISTRIBUTOR 

S- IVB STAGE 

., 

S&A T (327) 
SAFE 

4D1R I 

1..--...,. I ~ 

S&A S&A 

ARM == K662 SAFE~ K661 

CMD CMD __ K661 

,~ (, 

l 

( ) ( ) 

411W2J1 50 49 411W1J1 36 

/a----- ) I.. <I 
-~ 1) ---- -- - - ~--- ~ 

4 
., 

/ I 
/ 

/ I / 
/ 

-------- - --- SAFE AND I I SAFE AND ARM DEVICE ARM PORT EXPLOSIVE TRAIN 
411A99A2 (C/C17-6) 

I 
n ~ ,, I) ,, c; I l 

4DCOM + 4D119 + 4D119 

co;~~ 
K681 
(327) 

I 

37 

.. 

4DIR I 
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7.0 PROPELLANT UTILIZATION SYSTEM 

SYSTEM DESCRIPTION 

THE PROPELLANT UTILIZATION ( P.U .) SYSTEM IS A PROPELLANT MASS MONITORING SYSTEM CONSISTING OF THE FOLLOWING SU BASSEMBLIE S : 

1. LOX AND FUEL TANK CAPACITANCE PROBES POSITIONED IN THE LOX AND FUEL TANKS. 

2. A P.U. ELECTRONICS ASSEMBLY TOGETHER WITH THE STATIC--INVERTER CONVERTER WHICH PROVIDES ALL THE REGULATED DC AND AC 

VOLTAGES NECESSARY TO OPERATE THE P.U . ASSEMBLY. 

7 . 1.1 DESCRIPTION OF OPERATION 

7.2 
7.2.1 

7.2.1.1 

• 

EACH MASS PROBE FORMS ONE LEG OF A BRIDGE NETWORK LOCATED IN THE P.U. ELECTRONICS ASSEMBL Y. A BRIDGE RATIO TRANSFORMER FORMS 

TWO OTHER LEGS (ONE CONTAINING THE FEEDBACK REBALANCE POTENTIOMETER) . AND THE FOURTH LEG CONSISTS OF A REFERENCE CAPACITOR . 

THIS REFERENCE CAPACITOR IS TEMPERATURE STABILIZED BY MEANS OF A COMPONENT OVEN AND THUS MAINTAINS OVERALL BRIDGE STABILITY 

UNDER VARIOUS TEMPERATURE CONDITIONS. AS THE PROPELLANT MASS IN THE TANK CHANGES . THE CAPACITANCE OF THE MASS PROBE CHANGES 

AND CREATES AN IMBALANCE IN THE BRIDGE. THIS IMBALANCE SIGNAL IS AMPLIFIED AND THEN TRANSMITTED TO A QUADRATURE REJECTION CIRCUIT. 

THE QUADRATURE REJECTION CIRCUITRY IS REQUIRED DUE TO THE OUT-- OF-- PHASE SIGNAL THAT IS PRODUCED IN THE BRIDGE CIRCUIT. THIS 

QUADRATURE SIGNAL IS PRODUCED BY HAVING A RESISTANCE- CAPACITANCE COMBINATION BALANCE A PURE CAPACITANCE (MASS PROBE 1. THIS 

SIGNAL IS A MIXTURE OF THE DESIRED CONTROL SIGNAL AND T HE QUADRATURE SIGNAL. 

SINCE THE QUADRATURE SIGNAL IS 90" OUT- OF -PHASE WITH THE DESIRED CONTROL SIGNAL . BY PROPER GATING , ONLY THE CONTROL SIGNAL IS 

ALLOWED TO PASS INTO THE POWER AMPLIFIER AND THE QUADRATURE SIGNAL IS REJECTED. FROM T HE QUADRATURE REJECTION CIRCUIT . THE 

SIGNAL IS FURTHER AMPLIFIED TO DRIVE A TWO PHASE SERVO MOTOR WHICH DRIVES A FOUR-GANG . TEN TURN POTENTIOMETER . 

THE TWO FOUR---GANG POTENTIOM~TERS, ONE FOR THE LOX BRIDGE AND THE OTHER FOR THE LH2 BRIDGE . ARE DRIVEN INDEPENDENTLY OF EACH 

OTHER. ONE GANG OF EACH POTENTIOMETER PRODUCES FEEDBACK SIGNALS TO REBALANCE THE BRIDGE AS IMBALANCES OF THE BRIDGE DUE TO 

PROPELLANT MASS CHANGES OCCUR . TWO GANGS , THE COARSE MASS AND FINE MASS . ARE USED TO PROVIDE TM SIGNALS INDICATING THE QUANTITY 

OF PROPELLANT ON BOARD. DURING TANKING AND DETANKING OPERATIONS. THE COARSE MASS SIGNALS ARE FED TO THE PROPELLANT TANKING 

COMPUTER SYSTEM (PTCS J THUS ENABLING THE STAGE TO BE LOADED. THE COARSE MASS SIGNAL TOGETHER WITH THE FINE MASS T / M SIGNAL 

PROVIDES CONTINUOUS LOADING STATUS AND PROPELLANT MASS DATA. T HE FOURTH GANG OF EACH POTENTIOMETER IS NOT USED . 

CRITICAL MEASUREMENTS 

REDLINE MEASUREMENTS 

N0063-- 411 P.U. OVEN STABILITY MONITOR 

MEASUREMENT N63 GIVES A DIRECT INDICATION OF THE TEMPERATURE STABILITY OF THE REFERENCE CAPACITOR OVEN . THE TRANSDUCER FOR THE 

MEASUREMENT IS A PLATINUM RESISTANCE WIRE LOCATED IN THE P.U. OVEN CAVITY. THE P.U. OVEN MAINTAINS THE LOX AND LH 2 REFERENCE 

CAPACITORS AT A STABLE TEMPERATURE IN ORDER TO PREVENT ERRONEOUS P.IJ . S Y STEM MASS INDICATIONS INDUCED BY CAPACITANCE CHANGES 

DUE TO ENVIRONMENTAL TEMPERATURE CHP..NGES. THE P.U. OVEN MONITOR STABILIZES WITHIN 45 MINUTES AFTER P.U . POWER TURN ON . 

THE TEMPERATURE WILL BE STARLE WIT h lN :.1 0.3 voe OF A REFERENCE READING DETERMINED DURING MANUAL P .U. CALIBRATION . ANY VOLTAGE 

VARIATIONS GREATER THAN J_ 0,3 voe OF THE STABILI Z ED REFERENCE VALUE OCCURING DURING THE TIME INTERVAL STARTING WITH THE INITIATION 

OF S4B PROPELLANT LOADING TO T - 3 l\illN. 7 SEC. IS DEFINED AS A REDLINE VARIATION: OVEN FAILURE CAN BE DETECTED ON THE STRIP CHARTS AS AN 

APPARENT DRIFT IN BOTH THE LH 2 AND LOX FINE MASS INDICATIONS. 

REV.A 
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7.2.1.2 

7.2.1.3 

7.2.1.4 

7.2.2 

7.2.2.1 

7.2.2.2 

VXN2-411 LH2 FINE MASS 
MEASUREMENT N2 IS DERIVED FROM THE LH2 FINE MASS POTENTIOMETER IN THE PUEA. THE POTENTIOMETER GENERATES A 20 LEG SAWTOOTH, 10 WITH 
POSITIVE SLOPES, 10 WITH NEGATIVE SLOPES. THE POTENTIOMETER WIPER IS MECHANICALLY COUPLED TO THE LH2 COARSE MASS POTENTIOMETER WIPER 
AND THUS PROVIDES A TWENTY TO ONE SCALE EXPANSION OF THE INDICATED COARSE MASS. MEASUREMENT N2 IS A VERY SENSITIVE P.U. MEASUREMENT 
THAT QUICKLY REFLECTS CHANGES IN TANK CONDITIONS OR CHANGES IN CAPACITANCE SEEN BY THE LH2 P.U. BRIDGE ASSEMBLY. ANY ERRATIC CHANGES 
IN OUTPUT, UNEXPLAINED, DRIFT, NOISY OUTPUT, OR INDICATIONS IMPLYING SLEW OF THE BRIDGES TO THE POTENTIOMETER ENDSTOPS ARE GROUNDS FOR 
REPORTING P.U. MALFUNCTIONS. 

MEASUREMENT N2 MUST BE WITHIN ITS REDLINE LIMITS FROM T-4 MIN 30 SEC TO T-3 MIN 7 SEC. 

VXMl-411 115 VAC 
M 1 IS AN EXPANDED SCALE MEASUREMENT OF THE INVERTER CONVERTER 115 VAC OUTPUT. IN ADDITION TO FURNISHING EXCITATION VOLTAGES 
FOR THE LH2 AND LOX BRIDGE TRANSFORMERS, THE 115 VAC IS APPLIED TO THE FIXED PHASE WINDINGS OF BOTH BRIDGE SERVO MOTORS. SYSTEM 
REQUIREMENTS LIMIT THE 115 VAC TO A MINIMUM OF 110 VAC AND A MAXIMUM OF 121 VAC. ADDITIONALLY, A VOLTAGE CHANGE OF± 2.5 VAC IS AN 
INDICATION OF COMPONENT FAILURE WITHIN THE INVERTER/CONVERTER. 

MEASUREMENT Mt ASSUMES REDLINE STATUS FROM PU TURN ON UNTIL T-4 MIN 30 SEC. 

VXN4-411 LOX FINE MASS (ALTERNATE) 
IN THE EVENT OF PTCS READOUT FAILURE, N4 (ALT. REDLINE) WILL ASSUME PRIME REDLINE STATUS. 

SEE PARAGRAPH 7.2.1.2, SAME NOTES APPLY. 

BLUELINE MEASUREMENTS 

VXN2-411 LH2 FINE MASS 
VXN4-411 LOX FINE MASS 

BOTH N2 LH2 FINE MASS AND N4 LOX FINE MASS ASSUME BLUELINE STATUS WHEN THE LH2 TANK AND LOX TANK ARE PRESSURIZED. 

IF AN ANOMALY OCCURS AFTER A TANK IS PRESSURIZED UNTIL T-11 SECONDS, BLUELINE LIMITS FOR THE FUNCTION ARE SAID TO BE EXCEEDED. LOSS 
OF EITHER MEASUREMENT AFTER TANKS ARE PRESSURIZED WILL NOT IMPAIR MISSION SUCCESS. HOWEVER, AN ANOMALY MAY BE SYMPTOMATIC OF MORE 
SERIOUS P.U. PROBLEMS. AND THEREFORE SHOULD BE REPORTED AND INVESTIGATED. 

VXMl 2-411 FREQ-STATIC INV CONV 
Mt2 IS AN EXPANDED SCALE MEASUREMENT OF THE INV/CONV 400 HZ .OUTPUT FREQUENCY. VARIATIONS OUTSIDE NORMAL OPERATING LIMITS MAY INDICATE 
COMPONENT FAILURES WITHIN THE P.U. SYSTEM. ABNORMAL VARIATIONS SHOULD BE REPORTED AND INVESTIGATED. 

MEASUREMENT M12 ASSUMES BLUELINE STATUS WHENEVER THE INVERTER/CONVERTER IS OPERATING. 
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ANDIN V 
PWR ON 

OFF ON 

2001R 

PU OVEN 
AND INV 
PWR ON 

CHAN 8 

548 STAGE 

40 COM 

CHAN 7 D01828 

011828 
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p 

PWR, 

AMPL. 
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11SVAC 

REG. 

4DIR 

+20 D1 41 [ESE 140] 

ILOXAUTO 
C / 0 TEST 

1/ 1/3 

+]2001 : AUTO 

/0 TEST 

1/3 2,/2 
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DO 0588 DO 0589 
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I -

I 

I 

I 

S IG. CON□. 

STAT IC INV-CONV 

[ 0-1] 
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00 1607 
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PU SYSTEM SCHEMATIC-CONTROLS 

+ 117VDC 0 

0 
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F ~ 5 

KS 
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117VOC RET 
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SUMM ING 
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LOAD FOR 
INV CONV 
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CONNECTION 
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1~ 
<( 
f
<f) 

m ... 
<fl 

L CC C4PU PANEL 
LOX COARSE L H2 COAR SE 

21VDC 5VDC MASS MASS 11 5 VAC F REQUENC Y 

'\" '\' "' ~ "' ~ 

VM23- 41 1 VM4- 41 1 VXNJ- 41 1 VXN l - 41 1 VXMl - 41 1 VXM I Z- 4 11 

NOTES: I) SEQUENCE AND PAGE NUMBERS REFER TO L OCATION IN 
IN ST RUMENTATION SYSTE M SCHE MATIC . 

2) REFER TO PU SCHEMAT IC - CONTROLS FOR LOCAT ION OF MEASURE MENT S 
DEPICTED B Y 0 

INV- CONV 21 VDC 

VM23- 411 

20 T O 23.5 VDC 
DPI 8 0-04-04 

M23 

INV- CONV 5VDC 

VM4- 4 1 I 
4.5 TO 5.5 VDC 

DPI 80-04- 02 

M4 

[C6-·5] 

PU LO X COARSE MASS 

VXN J- 4 11 
0 TO 5 VDC 

CPI B0V0J-03 

NJ 

~6- 5] 

PULH2 COARSE MASS 

VXNl - 411 
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8.0 
8, 1 

8.1. 1 

HELIUM SYSTEM - ENGINE CONTROL AND TANK PRESSURIZATION 

SYSTEM DESCRIPTION 

GENERAL 
THE UNIQUE PROPERTIES OF HELIUM, ITS INERTNESS, L OW FREE Z ING POINT, AND LOW DENSITY MAKES IT AN IDEAL GAS TO USE ON SPACE 

VEHICLES FOR A VARIETY OF PURPOSES. HELIUM ON BOARD THE SIVB STAGE IS USED TO PRESSURIZE THE LHz AND LOX TAN K THE RE BY 

EXERTING A NET POSITIVE SUCT ION PRESSURE (NPSP) ON THE PROPELLANTS AND THUS PREVENTS PUMP CAVITAT ION DURING J2 ENG INE 

OPERATING. HELIUM IS ALSO USED TO CONTROL PNEUMATICALLY OPERATED VALVES, AND TO PURGE CRITICAL AREAS OF THE SI V B . 

THE COLD HELIUM BOTTLES, THE LOX AND LHz AMBIENT BOTTLES AND ASSOCIATED HAR DWARE USED TO CONTROL OR CONDITION THE 

STORED HELIUM, TOGETHER WITH THE ASSOCIATED GSE, FORM THE BASIS OF THREE INDEPE NDENT TANK PRESSURIZATION S YSTEMS. 

THEY ARE: 

1. GROUND PRESSURIZATION SYSTEM 

2. FLIGHT CRYOGENIC REPRESSURIZATION SYSTEM 

3. FLIGHT AMBIENT REPRESSURIZATION SYSTEM 

A FOURTH INDEPENDENT PRESSURIZATION SYSTEM EXISTS FOR THE LHz TANK ONLY. THE LHz TANK IS PRESSURIZED WITH GASEOUS 

HYDROGEN DURING ENGINE BURN. HIGH PRESSURE GH2 IS TAPPED OFF THE ENGINE INJECTOR AND RECYCLED BACK TO THE TANK TO 

MAINTAIN THE NPSP REQUIRED AT THE PUMP TURBOPUMP INLET. ADDITIONALLY, HELIUM GAS IS UTILIZED FOR PRESSURIZATION OF THE 

ENGINE CONTROL SPHERE. A STANDBY START TANK RECHARGE SYSTEM IS ALSO PROVIDED. BOTH SYSTEMS RECEIVE GASEOUS HELIUM 

FROM THE LOX REPRESS BOTTLES NO. 1 AND NO. 2. ( SEE ALSO LH SYSTEM). 

THE FIRST THREE PRESSURIZATION SYSTEMS NOTED ABOVE, AND THE ENGINE CONTROL HELIUM SYSTEM WILL BE THE SUBJECTS 

DISCUSSED IN THIS SECTION. IN ESSENCE, THE SCOPE OF T HE SYSTEM DESCRIPTION SHALL BE LIMITED TO THE SYSTEMS ASSOC IATED 

WITH THE COLD HELIUM BOTTLE REDLINE D-261, THE LOX AND LHz AMBIENT BOTTLE RE DLINES 088 AND D20 , AND THE ENGINE CONTROL 

HELIUM SPHERE REDLINE D19, 

8.1.2 GSE HELIUM PRESSURIZATION AND CONTROL 

THE ORIGINAL GROUND SOURCE OF THE HELIUM USED ON THE SIVB STAGE IS THE 6000 PSI HELIUM SUPPLY. HELIUM FROM THE 6000 PSIA 

SUPPLY IS FIRST REGULATED DOWN TO 3100 PSIA. THE REGULATOR (SEE 1733 REGULATOR SHOWN IN SYSTEM SCHEMATIC) USED TO 

CONTROL PRESSURE, WORKS IN SUCH A MANNER THAT THE PRESSURE APPLIED TO THE DOME OF THE REGULATOR DETERMINES THE 

REGULATED PRESSURE. DURING COUNTDOWN, 3100 PSIA IS KEPT ON THE DOME WHENEVER THE BOTTLES ARE PRESSURIZED TO 3100 PSIA. 

IT SHOULD BE NOTED THAT BY CYCLING THE DOME VENT VALVE TO A DESIRED DOME PRESSURE, THE REGULATED PRESSURE CAN BE 

VARIED ACCORDINGLY. THIS REGULATED PRESSURE IS BRANCHED OFF THROUGH THREE SEPARATE LINES TO THE STAGE. TWO OF THE 

THREE LINES ARE ROUTED THROUGH THE HEAT EXCHANGER (438A CONSOLE) . ONLY DURING THE FINAL PHASES OF COUNTDOWN , AFTER 

LH2 STARTS COVERING THE COLD HELIUM BOTTLES DOES THE HEAT EXCHANGER BECOME OPERATIONAL AND SUPPLY COLD HELIUM TO 

THE COLD HELIUM BOTTLES AND THE ENGINE CONTROL HELIUM BOTTLE. THE THIRD HELIUM LINE TO THE STAGE BRANCHING OFF THE 

3100 PSIA REGULATED SUPPLY SUPPLIES AMBIENT HELIUM TO THE LOX AND LHz AMBIENT BOTTLES. 

PRIOR TO LIFTOFF, THE LOX AND LHz TANKS ARE BROUGHT UP TO FLIGHT PRESSURE (PRE- PRESSURIZATION) FROM THE GROUND 

PRESSURIZATION SUPPLY. THE PRESSURE IS CONTROLLED BY THE LOX AND LHz TANK PREPRESSURE SWITCH SETTINGS AND THE 

GROUND CONTROL EQUIPMENT. 
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8. 1 .3 

8.1 .3 

FLIGHT PRESSURIZATION SYSTEMS 

AFTER LIFTOFF, ALL HELIUM USED BY THE STAGE IS SUPPLIED BY THE COLD AND AMBIENT BOTTLES. 

AL THOUGH THE SIVB SYSTEMS UTILIZING HELIUM WERE DESIGNED TO USE AMBIENT HELIUM, HELIUM IS STORED IN THE COLD HELIUM BOTTLES 

LOCATED IN THE LH2 TANK. THE REASON FOR STORING COLD HELIUM IS THAT, BY UTILIZING THE LOW ENVIRONMENTAL TEMPERATURE OF LH 2, 

A HIGH MASS LOAD OF HELIUM CAN BE STORED. 

BEFORE THE COLD HELIUM STORED IN THE BOTTLES CAN BE USED THOUGH, IT MUST BE WARMED. DURING ENGINE BURN, THE COLD HELIUM IS 

WARMED BY THE J2 HEAT EXCHANGER LOCATED IN HOT GAS SYSTEM AND MIXED WITH COLD HELIUM FROM THE BOTTLES AND USED TO PRESS

URIZE THE LOX TANK. THE LH2 TANK HOWEVER, IS PRESSURIZED DURING ENGINE BURN BY GASEOUS HYDROGEN. 

PRIOR TO RESTART, COLD HELIUM IS WARMED BY T HE O2- H2 BURNER AND USED TO PRESSURIZE THE LOX AND LH2 TANKS. THIS MODE OF 

OPERATION JS REFERRED TO AS THE CRYOGENIC MODE. THE OTHER MODE OF OPERATION USED IS CALLED THE AMBIENT MODE. IN THIS MODE, 

AMBIENT HELIUM FROM THE LOX AND LH2 AMBIENT REPRESS BOTTLES IS USED AS A BACKUP FOR THE CRYOGENIC SYSTEM OR PROVIDES MAKEUP 

REPRESSURIZATION CAPABILITY IN THE EVENT OF ULLAGE PRESSURE DECAY AFTER THE TERMINATION OF THE CRYOGENIC MODE OF PRESSUR

IZATION. 

LH2 TANK REPRESSURIZATION AND REPRESSURIZATION DURING FLIGHT 

DURING ENGINE OPERATION, THE LH2 TANK PRESSURE SWITCH SENSE S TANK PRESSURE. WHEN TANK PRESSURE FALLS BELOW THE MINIMUM 

SWITCH SETTING, THE SOLENOID VALVES IN THE LH2 PRESSURE CONTROL MODULE ARE OPENED, ALLOWING AN INCREASED FLOW OF GAS INTO 

THE LH2 TANK. WHEN PRESSURE RISES ABOVE THE MAXIMUM SWITCH SETTINGS, THE VALVES CONTROLLING GH2 ARE CLOSED. GH2 USED FOR 

PRESSURIZATION DURING ENGINE OPERATION IS TAPPED OFF THE ENGINE LH2 MANIFOLD. DURING NONFIRING PERIODS, NO SUPPLY IS REQUIRED 

SINCE SUFFICIENT HEAT INPUT RESULTING IN GH2 BOILOFF ASSURES THAT TANK PRESSURE WILL NOT DROP EXCESSIVELY. 

DURING THE COAST PHASE PRIOR TO SECOND BURN, THE CONTINUOUS VENT SUBSYSTEM OPERATES AS REQUIRED AT A TANK VENTING PRESSURE 

OF 20 PSIA NOMINAL. BEFORE ENGINE RESTART, VENTING IS TERMINATED AND THE L H2 TANK IS PRESSURIZED TO A PRESSURE RANGE OF 28 TO 

31 PSIA FOR ENGINE SECOND BURN. GAS FOR REPRESSURIZATION IS SUPPLIED FROM THE AMBIENT HELIUM BOTTLES PROVIDED SPECIFICALLY 

FOR THIS FUNCTION OR BY HELIUM FROM THE COLD HELIUM SUPPLY CONDITIONED BY THE OXYGEN HYDROGEN BURNER. CONTROL FOR EACH 

PHASE OF FLIGHT IS ACCOMPLISHED BY ENABLING THE APPROPRIATE TANK PRESSURE SW ITCH. 

8.1.4 LOX TANK PRESSURIZATION AND REPRESSURIZATION DURING FLIGHT 

THE LOX TANK PRESSURIZATION AND RE PRESSURIZATION SUBSYSTE M PROVIDE CONT ROLLED HELIUM SUPPLIES TO SATISFY LOX TANK PRESSUR

IZATION REQUIREMENTS DURING STAGE OPERATION. HELIUM FOR PRESSURIZ ATION DURING J- 2 ENGINE FIRST AND SECOND BURN, IS STORED IN 

THE COLD HELIUM BOTTLES LOCATED IN THE LH2 TANK. HELIUM EMPLOYED FOR REPRESSURIZATION WHEN THE AMBIENT HELIUM SUBSYSTEM 

IS UTILIZED, IS STORED IN THE AMBIENT HELIUM BOTTLES. 

DURING BOOST, THE PRESSURIZATION SUBSYSTEM IS ACTIVE AND WHEN PRESSURIZATION IS REQUIRED, COLD HELIUM IS PROVIDED UNDER CONTROL 

OF THE LOX TANK PRESSURE CONTROL MODULE. 
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8.1 .5 

8.2 

8.2.1 

8.2.2 
8.2.2.1 

DURING ENGINE OPERATION, TANK PRESSURE SENSED BY THE LOX TANK PRESSURE SWITCH ACTUATES THE OPENING AND CLOSING OF 
SOLENOID VALVES IN THE LOX TANK PRESSURE CONTROL MODULE AS WELL AS THE HEAT EXCHANGER BYPASS VALVE. THE FLOW OF 
THE HELIUM FROM THE BOTTLES DIRECTLY TO THE LOX TANK, COMBINED WITH HELIUM DIVERTED THROUGH THE HEAT EXCHANGER 
RAISES TANK PRESSURE AS REQUIRED. 

START TANK AND HELIUM CONTROL SYSTEM 
THE INTEGRAL HYDROGEN HELIUM START TANK CONSISTS OF A 4.2 CUBIC FOOT SPHERE FOR GHz AND A 1000 CUBIC INCH SPHERE FOR 
HELIUM LOCATED WITHIN IT. HELIUM STORED UNDER PRESSURE IN THE HELIUM TANK 15 USED TO SUPPLY PNEUMATIC PRESSURE TO 
THE ENGINE CONTROL SYSTEM. THE START TANK 15 INITIALLY FILLED FROM A GROUND SOURCE. THIS SOURCE PROVIDES ENERGY 
TO INITIALLY SPIN THE TURBINE WHICH DRIVES THE TURBO-DUMP TO PROVIDE PROPELLANT FOR ENGINE START. AFTER MAINSTAGE 
ENERGY IS PROVIDED BY THE GAS GENERATOR TO MAINTAIN TURBOPUMP RPM. DURING FIRST BURN THE START TANK 15 REFILLED BY A 
TAPOFF LINE PROVIDED ON THE J-2 ENGINE. TH IS PROVIDES GHz FOR 2ND. BURN OPERATION. DURING COAST PERIOD SHOULD LOSS START 
TANK PRESSURE OCCUR, HELIUM GAS CAN BE PROVIDED FROM TH_E LOX REPRESS BOTTLE NO. 2 F OR RECHARGE PRIOR TO 2ND BURN 
ENGINE START. 

THE HELIUM BOTTLE IS INITIALLY FILLED FROM A GROUND SOURCE. DURING, DUAL RESTART MISSIONS, THE HELIUM TANK IS 
CONTINUOUSLY REFILLED BY THE STAGE AMBIENT PRESSURIZATION SYSTEM. THE PNEUMATIC CONTROL PACKAGE CONTROLS FLOW OF 
HELIUM GAS TO THE ENGINE CENTRAL SYSTEM AND SUPPLIES OPE NING AND CLOSING CONTROL PRESSURE FOR ALL ENGINE PNEUMATICALLY 
OPERATED VALVES AND CONTROLS ALL ENGINE SUPPLIED PURGE S. ( SEE ALSO LH SYSTEM). 

CRITICAL MEASUREMENTS 
GENERAL 

DURING LAUNCH COUNTDOWN, FOUR MEASUREMENTS A$SOCIATED WITH THE LOX AND LH TANK PRESSURIZATION AND ENGINE HELIUM 
CONTROL SYSTEM ARE CLASSIFIED AS REDLINE MEASUREMENTS. THEY ARE D261 , 020, 088 , D19. IN THE ENGINE CONTROL SYSTEM 
VXC7- 401, TEMP-ENGINE CONTROL HELIUM, IS A BACKUP REDLINE . THIS MEASUREMENT IS NOT DISCUSSED IN THIS SECTION. THE 
TROUBLESHOOTING FLOW-CHART FOR THIS MEASUREMENT CAN BE FOUND IN THE FUEL SYSTEM UNDER THE C6 TROUBLESHOOTING 
FLOWCHART. TROUBLESHOOTING FLOWCHARTS FOR MEASUREMENTS 0261, 020, 088 AND 019 ONLY HAVE BEEN PREPARED. IN USING 
THESE FLOWCHARTS, THE USER SHOULD BE COGNIZANT OF THE FOLLOWING FACTS. THE MOST COMMON FAILURE MODE IS EXCESSIVE 
HELIUM LEAKAGE RESULTING IN LOW PRESSURE READINGS. FOR THIS REASON, DURING LAUNCH AND ODDT, THE HELIUM BOTTLES ARE 
PRESSURIZED (SEE FIG.URE 8- 1 FOR PRESSURIZING SEQUENCE) AND LEAK CHECKS PERFORMED. MALFUNCTIONS OCCURRING AFTER THE 
SUCCESSFUL COMPLETION OF THESE LEAK CHECKS (APPROXIMATELY T ---1 HR) PROBABLY MEANS A SCRUB. REDLINE VIOLATION 
INDICATING EXCESSIVE BOTTLE PRESSURES ARE PROBABLY CAU SED BY MALFUNCTION OF THE 3200 PSIA GSE REGULATOR. 

REDLINE MEASUREMENTS 
VXD 261-403 PRESSURE - COLD HELIUM SPHERE 
AFTER FINAL SPHERE PRESSURIZATION TO 3100 PSIA (APPROXIMATELY T - 3 HR. 45 MIN.) 0261 ASSUMES REDLINE STATUS. THE 
PRESSURE TRANSDUCER FOR THIS MEASUREMENT IS LOCATE D AT COLD HELIUM BOTTLE EIGHT LOCATED IN THE LH2 TANK. THE BACKUP 
MEASUREMENT FOR 0261 IS 0263- 403, PRESSURE MANIFOLD COLD HELIUM SPHERE BACKUP. THIS MEASUREMENT IS LOCATED IN THE THRUST 
STRUCTURE BETWEEN STRINGERS 12 AND 13. THE SENSE POINT OF THIS MEASUREMENT IS THE EXISTING PORT ON THE HELIUM INLET LINE 
TO THE LOX TANK PRESSURE CONTROL MODULE. 0261 IS AN IMPORTANT PARAMETER BECAUSE TOGETHER WITH TEMPERATURE MEASUREMENTS 
CS, C208, THE MASS OF HELIUM STORED IN THE COLD HELIUM BOTTLES CAN BE DETERMINED, THEREBY ASSURING THAT HELIUM WILL BE 
AVAILABLE FOR PRESSURIZATION OF THE LOX AND LHz TANKS DURING FLIGHT. 

NOTE: REDLINE STATUS MAY BE CHANGED TO T-1 HOUR. 
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8.2.2.2 

8.2.2.3 

8.2.2.4 

VXD20-403 PRESSURE FUEL TANK HE BOTTLE REPRESS (AMBIENT) 

MEASUREMENT 020 ASSUMES REDLINE STATUS AFTER FINAL PRESSURIZATION TO 3100 PSIA (APPROXIMATELY T-7 HRS. 30 MINUTES) . 

PRESSURE LIMITS ARE 3200 PSIA MAX. AND 2800 PSIA IS MINIMUM. 0249- 403 PRESSURE FUEL TANK HELI UM BOTTLE REPRESS IS A 

BACKUP MEASUREMENT FOR 020. THE SENSE POINT FOR 020 IS AN INSTRUMENTATION PORT LOCATED NEA R J\ MBIENT BOTTLE 10. 

TRANSDUCER RANGE IS O TO 3500 PSIA. 

VXD88-403 PRESSURE LOX TANK REPRESS SPHERE (AMBIENT) 

MEASUREMENT 088 ASSUMES REDLINE STATUS AFTER FINAL PRESSURIZATION TO 3100 PSIA (APPROXIMATELY T --7 HRS , 30 MINUTE S) . 

PRESSURE LIMITS ARE 3200 PSIA MAX. AND 2800 PSIA MINIMUM. 0254-403 PRESSURE LOX TANK REPRESS SPHERES IS A BACKUP FOR 

THIS MEASUREMENT. TRANSDUCER RANGE IS O TO 3500 PS IA. 

VXD19- 401 PRESSURE - ENGINE CONTROL HELIUM SPHERE 

MEASUREMENT 019 ASSUMES REDLINE STATUS AFTER FINAL PRESSURIZATION TO 3100 PSIA (APPROXIMATELY T - 7 HRS. 30 MINUTES) . 

PRESSURE LIMITS ARE 3200 PSIA MAX. AND 2800 PSIA MINIM'J. 0242- 401 PRESSURE ENGINE CONTROL HELIUM SPHERE BACKUP IS A 

BACKUP MEASUREMENT FOR THIS PARAMETER. THE SENSE POINT OF MEASUREMENT 019 IS THE HIGH PRESSURE OUTLET LOCATED 

ON THE PNEUMATIC LINE BETWEEN THE ENGINE HELIUM CONTROL BOTTLE AND THE ENGINE HELIUM REGULATOR. TRANSDUCER RANGE 

IS O TO 3500 PSIA. 

8.2.3 TABLE OF MEASUREMENTS 

NOTE: 1. MEASUREMENT NUMBERS PRECEDED BY X INDICATES A STRIP CHART DISPLAY. 

2. MEASUREMENT NUMBERS PRECEDED BY VINDICATES A PANEL MET ER DISPLAY. 

TABLE I 

DDAS NUMBER AND PAGE 

MEASUREMENT NUMBER LOCATION FUNCTION 

VXD 017-401 7 PRESS - GH2 START BOTTLE 

VXD 019-401 7 PRESS - ENG CONTROL HE SPHERE 

V XD 020--403 6,7 PRESS - FUEL TK HE BOTTLE 

REPRESS 

D- 054- 410 6 PRESS - FUEL TANK INLET 

D- 055- 424 4 PRESS - OXIDIZER TANK INLET 

VXD 088- 403 5,7 PRESS - LOX TANK REPRESS 

SPHERES 

D 104-403 6 PRESS - LH2 PRESS MODULE 

INLET 

XO 105-403 4 PRESS - LOX TANK PRESS 

MOD HE GAS 

VD 129-331 6000 PSI SUP PRESSURE 

RANGE CHANNEL 

0-1500 PSIA CPIB0-1 3- 03 

DPIBO- 13- 03 

0-3500 PSIA CPl BO- 13--04 

DPIBO- 13- 04 

0- 3500 PSIA CPIB0--14-01 

DPIB0-14- 01 

0- 100 PSIA DPIB0-01 - 08 

0- 300 PSIA DPIBO- 06- 09 

0- 3500 PSIA CPIB0-14- 05 

DPIB0-14- 05 

0- 1000 PSIA DPIB0-08--04 

0- 500 PSIA DPIB0-08- 06 

0- 7000 PSIA E PIB0- 09- 02 
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- DDAS NUMBER AND PAGE 

MEASUREMENT NUMBER LOCATION FUNCTION 

VD 137-331 OUTPUT DOME REG PRESS SUP 

PRESS 

D 140- 331 1 FUEL PRE- PRESS SUP PRESS 

0141-331 2 LH2 TK PRE- PRESS SUP PRESS 

D 144-331 3 ENG CONT BOTTLE SUP PRESS 

D 145-331 3 COLD HE BOTTLE SUP PRESS 

VD 146-331 FIRST STAGE REG PRESS 

D 161-403 4 PRESS - HEX OUTLET 

VXD 177-408 6 PRESS - FUEL TANK ULLAGE 

EDS 1 

VD 178-408 6 PRESS - FUEL TANK ULLAGE 

EDS 2 

VXD 179-406 5 PRESS - OXID TANK ULLAGE 

EDS 1 

VD 180-406 5 PRESS - OXID TANK ULLAGE 

EDS 2 

D 228-403 5 PRESS __.:.._ GOX GN2 BNR PRESS 

COIL 

D 231-403 6 PRESS - GOX GN2 BNR PRESS 

COIL - VXD 236-403 7 PRESS - AMBIENT HE PNEU SPH 

0241-401 7 PRESS - GH2 START BTL BKUP 

MEAS 

0249- 403 6,7 PRESS - FUEL TK HE BTL 

REPRESS 

0254-403 5,7 PRESS - LOX TANK REPRESS 

SPHERES 

0256- 403 7 PRESS - AMBIENT HE PNEU 

SPHERE 

VXD 261 - 403 4 PRESS - MANIFOLD COLD HE 

SPHERES 

0263-403 4 PRESS - MANF COLD HE 

SPHERES BKUP 

0576 6 FUEL TANK ULLAGE PRESS 

0577 5 LOX TANK ULLAGE PRESS 

RANGE 

0-----7000 PS 1A 

0-3500 PSIA 
0- 3500 PSIA 

0-----3500 PSIA 

0-----3500 PSIA 
0- 7000 PSIA 

0- 650 PSIA 

0-----50 PSIA 

0- 50 PSIA 

0-----50 PSIA 

0-50 PSIA 

0-----500 PSIA 

0-----500 PSIA 

0-----3500 PSIA 

0- 3500 PSIA 

0-3500 PSIA 

0-3500 PSIA 

0-3500 PSIA 

0- 3500 PSIA 

0-----3500 PSIA 

HARDWIRE 
HARDWIRE 

CHANNEL 

EPIB0-09- 04 

E PIB0-23- 06 

E PIB0-23-07 
E PIBO-23- 1 0 

E PIB0-23- 09 
EPIB0-09- 05 

DPIBO- 06- 10 

CPIB0-01 - 02 

DPIB0-01-02 

CPIB0-01-03 

DPIB0-01 - 03 

CPIBO- 14- 02 

DPIBO- 14- 02 

CPIB0-14- 03 

DPIBO- 14-03 
C Pl BO- 02- 07 

DPIBO- 03- 07 

CPIB0-14- 04 

DPIBO-1 4- 04 

D PIB0-11 - 09 

DPIB0-09- 06 

DPIB0-09- 09 

DPIB0-09- 10 

CPIBO- 01 - 01 

DPIB0-01 - 01 

DPIB0-09-05 
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- DDAS NUMBER AND PAGE 
MEASUREMENT NUMBER LOCATION FUNCTION 

VC005-405 5 TEMP - COLD HE SPHERE NO. 3 
GAS 

VXC006-401 7 TEMP - GH2 START BOTTLE 
VXC007-401 7 TEMP - ENG CONTROL HELIUM 

C009- 403 4 TEMP - HEAT EXCH HE OUTLET 
C0l 4- 403 6,7 TEMP - HE REPRESS SPHERE 5 

GAS 
C015- 410 6 TEMP - FUEL TANK GH2 INLET 

VC071 - 331 2 CKT NO. 2 HEX OUTLET TEMP. 
VC072- 331 2 CKT NO. 3 HEX OUTLET TEMP~ 

C073- 331 1 FUEL PRE-PRESS SUP TEMP. 
C074- 331 2 LH2 TK PRE- PRESS SUP TEMP 
C077-331 3 COLD HE BOTTLE SUP TEMP 
C206-403 6,7 TEMP - HE SPHERE 10 GAS 
C208- 405 5 TEMP - COLD HE SPHERE NO. 1 

GAS 
C210-405 5 TEMP - COLD HE SPHERE NO. 4 

GAS - C214-403 6,7 TEMP - HE REPRESS SPHERE 
7 GAS 

C230-403 4 TEMP - LOX TK PRESS MOD HE 
GAS 

C231 - 403 6 TEMP - FUEL TK PRESS CONT 
MOD GH2 

C378- 403 5 LOX LH2 BNR LOX PRESS COIL 
C379- 403 6 TEMP - GOX GH2 BNR LH 2 

PRESS COIL 
XC-201 2-403 7 TE M P - AMBIENT HE LIUM PNEU 

SPHERE 

• 

RANGE 

25 TO 80 DEG R 

11 0 TO 560 DEG R 
11 0 TO 560 DEG R 
660 TO 1360 DEGR 
11 0 TO 660 DEG R 

50 TO 520 DEG R 
- 435 TO - 185 F 
25 260 DEG R 
410 610 DEG R 
25 260 DEG R 
25 260 DEG R 
110 TO 660 DEG R 
25 TO 80 DEG R 

25 TO 560 DEG R 

11 0 TO 660 DEG R 

25 TO 80 DEG R 

1 00 TO 300 DEG R 

60 TO 660 DEG R 
60 TO 660 DEG R 

11 0 TO 660 DEG R 

CHA NNEL 

DPIB0-17L03 

DPIB0-17L04 
DPIB0-17L05 
DPIB0-17L07 
DPIBO-20L03 

DPIBO- 02-02 
EPIB0-09- 09 
EPIB0-08- 02 
EPIB0-23- 05 
EPIB0-23- 08 
E PIB0-11 - 01 
DPIB0-20L07 
DPIB0-18L07 

DPIB0-18L08 

DPIB0-20L08 

DPIBO- 19L08 

DPIBO- 19L09 

DPIBO- 1 0L02 
DPIB0-1 0L03 

DPIB0-20L06 

NEW 
8-5.1 



.~ NORMAL - PRESS 
-... 

3000 
2000 
1 000 .,____9_5_o_P_s_1A_ ..... 1 

COLD HE BOTTLE 
LEAK CHECK 
(CDDT ONLY) 

_ _..;. ~ COLD HE BOTTLE 
PRESS. TO 3100 PSIA 

.. AMB BOTTLE _ 19--_-- __ __.,. 
LEAK CHECK 

AMBIENT BOTTLE 

---:- "~-- PRESSURIZATION 
TO 3100 PSIA 

1500 PSIA 

3100 PSIA 

- I 
0i---------1------+-f----------------------------

COLD BOTTLES - MEASUREMENTS D261, D19 

3000 
2000 
1000 ..__95_o_Ps_1A_ ... 1 

1500 

PSIA 

11 3100 PSIA 

01--------1------+-f------------------------.J...-------4 

3000 
2000 
1000 

0 

950 PSIA 1 

1500 I 

PSIA 

AMBIENT BOTTLES - MEASUREMENTS D19, D20, D88 

lfcc100NLY)7 '3100PsIA 
r,- - - - 2500 PSIA·- - - I 

1500 PSIA 
(COOT ONLY)_/ 

ESE 3100 PSIA SUPPLY 

'-----5 /'-"" ------&-----, -----, ----,-----..,----,,----,r------,-----t----

f T-8 

LAUNCH 
VEH PWR UP 

T-7 T-6 T-5 T-4 T-3 T-2 T-1 

HELIUM PRESSURIZATION SEQUENCE FIGURE 8-1 

0 COUNTDOWN 
TIME (HOURS) 

REV. A 
8-6 



FAC INLET 

-

-

A- 11688 

6000 PSI HE 

SUPPLY 

A-11772 

2000 PS I HE 
SU PPLY 
MODEL 438A 

208 3 

HE OUTPUT REG 
DOME SUPPLY 

1753 

3200 HE 
DOME SU PPLY 

A- 11695 

MOD 432A 
GN2 PURGE 

183 1 

1799 

ELECTRICAL 

J- BOX 

1818 
(0-200) 

A - 11 69 1 

LH2 DEBRIS 
VLV CLOSE 

LH 2 DEBRIS 
V L V OPEN 

432A PNEUMATIC CONSOLE 

1838 

FAC 
V L V 
CONT 

1837 

2059 

HE OUTPUT 
DOM S VENT 

1752 

A- 11 692 

A-11699 

1743 

A - 11686 

1744 

1770 
A - 11 697 

A - 11 690 

A-1 1694 

1804 

A- 11682 

A- 11678 

A- 11 68 1 

HEX C IRC 
NO. 2 

HE SUPPLY 

HEX CIRC 
NO. 3 

HE SUPPL Y 

CONTROL Ix. 
REPRESS 

HE SUPPLY 

APS 3000 
HE BOTTLE 

SUPPL Y 

432A- 750 
PS I GN2 

FROM 433A 

PRESS. SW . 
0

L OX PRESS 
C / O S UPP 

L H2 UMB 

PURGE SUPP 

HEX 50 PSI 
HE P1JRGE 
SUPPL Y 

LH2 NOZZLE 
PURGE SU PPLY 

M :>D 433A - 750 
PS I HE 

PURGE SU PPLY 

MS OK 
PRESS. SW. 

C / OSUPPL Y 

LH 2 SYSTEM 
C / OSUPP 

L OX SYST EM 
C / O SUPP 

...,.. 

¥+ 

@ 
'----" 

¥+ 

FAC VENT 

w --.__., 

FAC VENT 

C) 
--..._/ 

,.... 

-
- REV. A 

8-7 



HEAT EXCHANGER [HEX] 438A PNEUMATIC CONSOLE 

- @ @ 8- 7 

II II 
A- 12266 A - 12267 A - 12260 

TO GH 2 VENT HEX C IRC HEX C IRC 50 PS I HE LI UM 

2 136 SYS T EM NO. 2 SUPP NO. 3 S UPP PURGE SUPP L Y 
FROM 432A F ROM 432A FROM 432A 

A - 12264 
224 0 

NC 
FAC 

T O GH 2 

VENT VE NT 1925 
19 17 2258 

A - 11709 
191 6 

TURBINE -v. S TART TAN K 
SU PPLY NOT E . SEE 

H YDROGEN 
SYSTEM A- 11725 2 106 19 18 

GN2 P URGE 1924 
C IRC 2240 ~ ~ 

22 10 µ p 
E L ECT RICA L 

J- BO X 

2000 2224 
2223 - ... 

A- 12 269 

C IRC NO. 2 

Il 
COL D HE SUPP 

1919 T O 43 3A 

HE 
CROSSO VER - VALVE 

' ~ 1963 2253 A - 12270 

C IRC NO. 3 
COL D HE SU PP 

t:=8.- 198 1 T O 43 3A 

1973 
A- I 2263 

2219 
F A C L H2 INLET A - 1171 5 
INLET 

~ " 

L H2 T ANK 
CON SOLE VL V PREPR_E S S 

',/+ 

CON T RO L GN2 197 1 197 2 SU P PLY ro 
'-----' 

A- 11254 

A - 11709 HEX CON T ROL 
SU P P L Y 

T O GH 2 V ENT FAC 750 PS I GN2 
SYSTEM VENT 

2000 PS IG 1965 
HE SU PPL Y .... 
F ROM 432A 

A 11723 1987 1994 ' 

2 11 4 

t 2 115 

A - 11 714 

F A C 6000 PS IG - INLET GH 2 INLET 
1982 198 6 2121 1997 1993 

1983 
22 13 

2233 NEW 
8-7.1 



-

TO MOD 433A 
GND PURGE 

ELEC. J - BOX 

A- 11719 

FAC 6000 PSI 
INLET GN2 SUPPLY 

A- 11720 

750 PSI HE 
PURGE S UPPLY 

FROM 432A 

A-11718 

3000 
HE FROM HEX 

CIRC NO.2 

A- 1171 7 

0--1 00 
1992 

433A PNEUMATIC CONSOLE 

rr=======================================================================================;--;::======A~-~1~2~02~2~ M,)D 438A GN2 PURGE SUPPLY 

1891 

1911 

CONSOLE VLV 
CONTROL GN2 

1935 1938 

1937 
1944 

1936 

1946 

1945 

1952 

.._ .. _-_-_-_-_-_-_-_-_-_-_-_-_-_-_'-_'-_-'_..;;..1..1 PURGE SUPPLY J 
A-11716 M,)D432A GN2 @ 

8-7 

t::========A=-=11:7:::2:1::t MOD 432A 750 I- PSI GN 2 SUPPLY 
2002 

A- 11703 

1914 

1913 

A- 11 704 

1920 1921 

A- 11677 

t 
A- 11 677 

A- 1171 2 

1939 

A- 11711 

1947 

CA RRIER PURGE 

LOX UMB 
PURGE SUPPLY 

HEX CONTROL 
SU PPLY 750 GN2 

LOX DE BRIS 
VLV OPEN 

LOX DEBRIS 
VLV CLOSE 

T . C. PURGE 8., 
COOLDOWN 

SUPP 

ENG CONT BOTT 
PRESS SU PPLY 

FAC 
VLV 
CONT 

....,_ 
D-19 

@ -'rt+ 
D- 19 

3000 

HE FROM HEX f===============================~~?1================================::!.!::============~ .. 

__ c _1R_c __ N_o_. -3-~ 
,_ _____________ ...J '"======================~~l:::=====::::A:- :1:::1::1:06:::::J 1951 r 

1959 

COLD HE 
SUPPLY 

v- ~ 
D- 261~ 

1953 

NEW 
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• 

• 

• 

HELI U'I 
'.:ONT'<OI.
P"-NE L 

C~HC 

4] 2 ,0. 

PNE UM ~TIC 
CONSOLE 

A11 f$f 

rnoc 
PSI HE 

SUPPL "T 

SC M". IN IIE INLET 
SUPPLY SHu·roFc-

OPEN cc_osE 

• 

M "' IN HE INLCl 
SU PPL\ ShUTOFF 
C L OSE C:J,1\.1AND 
HWR 

9;? . 

- JO.'-: 30.' 5 
./ 

M ~ IN HE 
IN ~ ET - _:_ ___ , SH'JTO F F ~ .!_ _ _ r --
VAL V E > N 

' I 
' 

f 4DJR I ' I ~ 40310 

' .. I -- - - - - - - 7 

' 
' I 
I 
I 
I 
I 

' I 
I 

' 
i'i 'ti' 

' J '° -I 7 :, I 7:6 1 ::_7 

'"" I 
~ 

.j-._ ,. \18 
~ 

- . -::.s u 
,:;( 

_ c,. ; ,, 

(S1,'. 
0 1 CCU 

• 

20D241 

55 HE GA CKUP 
S'.JF·PL Y 

C L OSE 

• 

I 

OPEN 

K302 HE B A CKU P 
S UPPL Y OPEN 
COM \ 1"-NO 

2002R 

4 □~ , o I 

1 302 - J06 J 

~-7-' • --
NC ' 

I 
I 798 I 

I 

---

I I WJR I I 4 4Dll 0 
I 
I 

i'i I 

' 

173.' I 
I 
I 

i'i I 

' 

,759 I 

I 
I 

MA IN HE INLET I 
SUPP L Y S HUTOFF I 

I 

11 
NC 

I 796 
HE 9 ,a, c..;uP 

SUPPL\' 

~-'c'-'To_,_,_,_ 3?oo 
S4 HE OC>M E 

S:.JPPLY VAL VE 

CLO SE OPEN 

• 
AUTO 

K222 

D I 2089 01 2088 2002R 

I DO 1548 I 

I 
·I 0 401 I 0 I 

<? K220 3200 PS IA HE 
DOM E SU PPL y 
V A LVE OPEN 
COM Vl"-ND I 40IR I 

~ 1-122 K220 " 3064 ]026 

T T 

• ~ 1754 ' ,- -, -- - - ---
I NC I 

I 
I 

I 
I I I 4D3R I ! 40]10 
I 
I 
I 
I 

I 

I 
I 

'.ff 
NC 

I 754 
J200 HE 

DOM E SU PPLY 

3200 PS IA 

! 20024 1 

SI O HE OU T PU T REG 
DOME SU PP L Y 

OPEN MJM OPEN 

CLOSE 

><e 
HE DOM E SUPPL Y OUT PU T K 304 
V A LVE OPEN REG. 
COMM A ND OOM S 
IHWR SUPPLY 

OPEN COMM.'IND 
\HWR, 

2002R 

I I 403 1 o I 

l!- 10.1 

3027 - .1 06 7 

• p:,... 17 ',J ~ :,- ,- --- - -
NC I 

I 
I 
I 

I l 403R j I 4 403 10 

I 
I 

1'( 
~ 

NC c' 

17S3 1806 
HE OUTPUT REG . 
DOME S UPPLY 

' 
2 1 20 

3068 

' 

\ 20D1 4 1 HE 
DOM E 

SUPPLY 
CROSSOVER 

I 200241 

-- -- - -
CLOSE OPEN OPEN 

D I 2:133 

I 
4D11 0 

AU TO 

D I 2332 

D0-1670 I 

• 
A UTO 

KJ5 0 

2002 1'1 

K 221 HE: DOME SU PPL Y 
I ( CROSSOVER OPEN 

? COM M AND 

I 401R I 

~ K2 2 K 1'30 
3028 

T 

HE DOM E 
SUPP L Y 
CROSSOVER 
OPEN 
COMMANLl 
I HWR, 

I 4D3R I 

K 22{ :E DOM ': SUPPL Y 
CROS'.:,OVEri 
OPEN 

3029 

~ 

J200 HE 

_! __ ~ DOM E 
~ 1~9- T __ VENT 

;> <NC I I 

I 
I 

' I 4ll3R I I I ·I -103 10 ' I 
I 
I 

I 

1809 I 
HE DOM ~ I • ' 1808 NC J - -

~ SUPPLY DI J7 Jll 
CROSSOVER 

i 

, 
" 1713 1735 

I> 
1 749 

~ 1802 

-
8 1180~ 

0 1 46 rn 

(:) ISOJ 

I 2 0D241 

s, 3200 PSI A 
HE OOMC: VENl 

OPEN MOM OPE N 

CLOSE 

K24~ 

20D2R 

I +4031 0 I 

KZ-1 £1_ --

3200 PS IA HE 
DOM E VEN T 
OPEN COMV1 A N0 
I IIWR 

!O~O 

f-' <0 00 ' • ~ "'-5: ,Nc- 7-- - - - - -
I 
I 

I 

I 

I 40JR I I I 403!0 
I 
I 
I 

' , 

' I 
I 

* ' NC . 
20(,0 ? I 19 

1200 HE 
DOME V[NT 

: 

x 
2059 

i 

> 

432A PNEUMATIC CONSOLE CONTROLS 
I 20D241 

O PEN 

HE OUTPUT REG. 
DOM E VENT 

MOM. OPEN 

CLOSE 

C!E . Oc.lTPUT 
REG. DOM E 
V E NT OPEN 

COM MA ND 
f H WR , 

20D2R 

I -1 40, , o I 

K22~ _ 

HE O UT PU T REG. 

:o)-DOM S VENT 
K 23 OPEN 

)041 
I 4D3R I I DI 26 71 

~ 1700 "-:, -- -- r -- --
,c I 

I 
I 
I 

I 
I I 4DJR ] I I 

' ' ilt 
NC 

iToo 

"' OUTPUT ecG 
DOM ':'. VENT 

-
t 736 

~ 

I ~ 

I 

• ---- -

+,403\0 

' 
isio 

17}7 

1 738 0130 JJ I 

(:::' \ 7J~ 

0 5.000 

I 

DI 2672 

I 

"--. 

v 

. 

20D1 41 200?4 1 20 D IR 

58 COLO HEl. lU M 
COLD 

C I RCUI T NO. J SUPPLY --- HELIUM "' 053 
O P EN CLOSE OPEN CIRCUIT 

A UTO • NO. J 

CLOSED OPE N 

01 2335 01D34 001739 00171 8 

I 00167 1 I I fll 17J9 f 0 11 718 1 I 

I 6 0 COLD HE CKT. I 140110 
< N0. 3SUPPLY CKT. NO. J I 

K 227 ( SU PPL Y K 237 ( O P EN 
O PEN (HOWR' COM .VI A ND 

I ,\ DIR I I 2002R I 

I 40J10 I 

I 
CKT, N:l, .l _l5 K T NO .,J..l_ 

OPE N " . 
K2J7 T SUPPLY T K227 

O PE N 
(HO WR' 

C IRCUIT N:J, 3 
SU PPLY V,O. LVE 

-- -~ • ~ ... ! . ..7:.!. - - - r --> NC 
I 
I 
I 

I 
I 4 DJR I I +4□310 I 

I 

I 
I 

I 

I 
I 
I 

)1 
NC 

1741 
COLO rtE 

CKT N:J. J 

➔ 200 14 1 200241 20 D I R 
COLD 

s, HE LI UM CIRC U IT 
NO. 2 SUPP LY ---- - ---- 055 'W. 2 os, 

CLOSE OPEN 
SUPPLY • VAL VE AUTO 

CLOSED OPE N 

012095 D1 209 4 001738 001967 

001551 I I 1.J1 1 ns I I 01 1967 I 

I COLD HE 0 0 I < C.IRC. NO. 2 40110 < CKT, NO. 2 
1-1 234 ( S UPPLY K2J5 ( SU PPLY OPEN O PEN 

COM M "-.ND IHOW R , 

I 4 D I R I I 20D2R I 

~ 
K 2J 4 K235 

C KT NO, 21 T T CKT . NO. 2 
SUPPL '( OPE:N S U PPLY OPEN 

IHOWR1 

CIRCUIT NO, 2 
C>UPPLY VALVE ~, f:s 1740 ---- r - - - -NC 

I 
I I I 
' 
I I I 
I I I I 4DJR I +4 □310 
I . I 

,, 't:t 
NC 

17~0 
COLD HE 
CKT NO. 2 

1C4SP STAGE 
PRESSURE 
P ANEL -~,0,0,0,-,- ,~ 2002 4 I 

520 

CLOSE 

CONT ROL AND 
REPRESS SU PPLY 

OPEN O PEN 

• A UTO 

012189 D12188 

I OOIS98 I 

I -I 4DI 10 I CONT M m REPRESS 

SU P PLY OPEN ( 524 

K524 :!: C0M W O, N0 IHDW R 

I 2002R I 

1-1 405 ~ '.'.: S I C IGNI T ION 

T CONT ,t,, ND 

K CZ; ( REPRESS SUPPLY 
' OPE N COM"vl ANO r Ksn 

I 4D IR I 

CON T AN D REPRESS 

20 DIR 

w 

CLOSED 

001724 

D11724 I I 

D530 
CON T 1'0L A ND 

REPRESS SUPPLY 

OPEN 

Kl 153 

D12659 

l ~ 20014 1 J 

2002R t I I 

""~ 
K49S 

5
). CON T ,',. ND RE P RE SS 

K 495 SU P PLY VA L VE 

OPEN 

I 4DJR I 

432 A 
PENUM .O, TIC 

CONSOLE 
HE SUPPLY V A LV E 

--~ --~ 1742 
5-NC "'T 

I 
I 

- I 
I I 4DJR I l -l- 4Dll o I 

I 
I 

, I 

I 

I 
I 
I 

' 
I C073 33 1 

lHJ I I 
I ' ,. 

* NC 

1742 
CON TROL A ND 

REPRESS SUPP L Y 

~ 

i?J J 
Ot .io JJ1 

, 11692 

-

' T 16S9 , 

, I I 6S6 f 

1746 

.. 

w 
~ 

~ 
HEX CIRC NO. 

:i=. 
" 

~ 

HE SUPPLY 
TO 438 ,t,, 

w 
~ 

EX C IRC NO 

HE SUPPLY 

TO .l38 A 

@ 
CONTROL 

AN D REPRE SS 

r'ESUl"PL\ 

NEW 
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0 
'--" 

HE X C IRC NO. 2 
F ROM 432A 

Ci:) ....__,, 
HEX CI RC NO. 

F ROM 432A 

438A PENUM ATIC CONSOLE 

A 12266 

A 12267 

STAGE PRESS:.J RE 
PANEL (C4S PI 

+ 20D141 + 20 D241 
L H T ANK .__...,.._,_ 

5 11 GND PRESS. 
SU PPLY VALVE 

• 
A UT O 

DS 21 

20D I R 

PRE PRESS 
StJP PLY 
VAL VE 

C L O SE 

D 12181 D1 2180 

L H TANK 
PRESS. 

COMMAND 

S IC IGN 
COM"1 AND 

KS60 

K S08 
O PEN 

K 405 

~ 
K 507 K508 

MA IN F UE L 
T A NK PREPRES S 
SU PPLY SOL 

(NC) 

C071- 33l 

2238 
C072-331 

2225 

M IN LO PRESS. OK 

M AIN F UE L T A NK 
P RE PRESS 

suP PL YT vA LV E -
1 

1966 1967 

4D3R 

1966 
FUEL TA NK 
PRE PRESS 

VAL VE 

I 

D01716 

D11 716 

+ 4D3 10 

DSl 3 

O PEN 

D0 1954 

4D3R 

LH T A N K 
SUPPLY 
VALVE OPEN 

438A PNEUMATIC CONSOLE CONTROLS 

+ 20D1 41 

5 12 L H T A NK 
P REPRESS SU PPLY 
LINE VENT 

DS22 

A :.JTO 

20 DIR 

L H T A NI( 
P RE PRE SS 

SUPPLY 
LINE VE NT 

DSl4 

CLOSE OPEN 

D12183 

S IC 
IGNIT ION 

K51 I 

4DI R 

K 405 

K510 

L HZ P REPRESS 
S UPPLY VENT 

SOL 

(NC) 

D12182 001717 

D 11717 

T KS ! I 

-r--
1 

1979 '1 980 

4D3R 

1979 
F UEL TANK 

...J 

D019 55 

D 11 955 

L H2 
PREPRESS 
SUPPL Y 
VENT 

+ 4D310 

D l41 - 331" 
1969 

CH/GN CONT ROL 
PANE L (C4HN , 

DS47 

CL O SE D 

20 DI R 

HE LIUM 
CROSSOVER 

VALVE 

D01 728 

• 

+ 4D310 

1948 

HE CROSSOVER 
VAL VE 

O PE N 

D01 729 

HELIUM CROSS 
O VER VA L VE 

1948 

20D l 41 

5 25 HELIUM C ROSSOVE R 
VALVE 

AUT O 

D12203 D12202 

D01605 

+ 4D110 
COLD 
HE LI UM CROSSOVER 
VALVE OPEN COMMA ND 

4 DIR 

T 
K544 

HELIUM CROSSOVER 
VALVE SOL 

(NC! 

1949 

4D3 R 

_ _J 

! 9 19 

1981 

(NOT USED) 
1973 

A- 12269 

A 12270 

A- 11 715 
P REPRESS 

SUPPLY LINE 
VENT .---------------------_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_,- ~..::.-=-=-=--=--=--=-f~====================~~=:.::==O 

19 67 1972 

1970 . C074- 331 

w 
----C IRC NO. 2 

COLD 1:E 
S:.JPP LY 
T O 4 33A 

w 
----C I RC N0. 3 

CO L D HE 
SUPPLY 
TO 433A 

U) 
-...

LH2 TANK 
PRE PRESS 

S U PPL Y 

NEW 
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\C4SP 
STAGE 
PRESSURE 
PANEL 

001 73 1 

011 73 1 

OK FOR 3000 
LB COLD 
HE LIU M 

LH START K49 3 

COLD HELl~UM 
LOAD ING 

I 4011 o 

COLD HE 
BOTTLE 
SUPPLY 

DISABLE 

433A 

+ 200141 + 20024 1 

COLD HE LI UM 
5 7 BOTTLE 

SUPPLY 059 

AUTO 
• OPEN 

HE OUTPUT 
REGULATOR 
DOME VENT OPEN 

~ 

OPEN 

COLOr~~J_ __ 
BOTTLE K538 
SUPPLY 

OPEN 

PENUMATIC 
CONSOLE 

@ 
3000 HE FROM 

438A HEX 
CIRC NO. 2 

© 
3000 HE FROM 

438A HEX 
C IRC NO. 3 

Al 1717 

COLD HE 
SUPPLY 

SOL'N (NC1 

2006 

1950 
COLD HE 
BOTTLE 
SUPPLY 

1951 

20 D IR 

COLD 
HE LIU M 
BOTTLE 
SUPPLY 

+ 20 D1 41 

COLO HE LI UM 
BOTTLE S UPPLY 58 

D517 

CLOSED 

VENT 

CLOSE OPEN 

~ 
CO LD HE BOTTLE 1 K539 

SUPPLY VENT 
OPEN 

1960 
COLD HE 
BOTTLE 
SUPPL Y VENT 

196 1 

433A PNEUMATIC CONSOLE 

20 DIR 

COLD 

0S18 HELIU M D510 
BOTTLE (C4EP\ 

S UPPLY ENG I NE PREP 
LINE VENT ARAT ION 

CLOSED O PEN PANEL 

01 2423 

S IC 
IGN ITION 

+200141 

ENG INE CONT ROL 
BOTTLE SUPPLY 
VALVE 

AU T O 

D1 2 422 

001715 

K405 

0512 

CLOSED 

001789 

D11 789 

I· 40110 

ENG INE 
K409 CONT BOT 

4D IR 

SUP VALVE 
OPEN COMMAND 

20O1 R 

ENG INE 
CONTROL 
SUPPLY 
VALVE 

!+Io I 
K409 

1952, D145 

1953. C077 

OPEN 

+200 14 1 

ENGINE 
CONTROL 
SUPPL Y 

53 VENT VALVE 

AUTO 

0 12420 

0511 

CLOSED 

DOI 787 

D11787 

~ 

1943 
ENG CONTR 

SUP VEN T 
VALVE 

K405 K408 

S IC 
IGNITION 

1959 

053 

OPEN 

001 788 

011788 

E:~LTc'~T I 
SUPPLY I 
vA~;~TNcl 

A_!J,.9£ _J 

A- 11711 

A l 1706 

® 
ENG CONT 

BOTT PRESS 
SUPPLY 

@ ..___, 
COLD HE 

SUP PLY 

NEW 
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STAGE 
PRESSURE 
PANEL 
(C4SP) 

ELECTRICAL 
SUPPORT 
EQUIP 

SIVB STAGE 

012201 012200 

001604 

COLO HE 
VENT VALVE 

TIME FOR 
LOX TANK 

PRESSURIZATION 

eot.DIE 
VENT 
VALVE 

(NC) -- -----------, 

,t03A74 A2U 

Ft.EL TANK. 

SWING 
ARM 

FROM 433A 
PhEUCO.SOL.£ 

rcoTo-• .ru°"'-- -
IDUMP MODULE 
11B57781 
13200-3500 PSIG 

I 
L!')lA74AZ ______ _ 

_ _, 

-, 
I 
I 
I 
I _...., 

AUTO 

~ 
••0110 ~ 

l 
1<515 ________, 1<534 L.201>141 P7•T T 

..t: K577 

11546
:J: FLIGHT PRESS AND _, 

COAST MOOE RESET 

LOX VENT 

LOX I CLOSED ..---.... ---------~ TANK K536 LOX TANK 
SS Ks.40 NOt+--PROP 

VENTVLV 
FULLCLSD 

CHIOl Q-179 
ON ON 

.fOlll 

K421 

CLOSE 
CMD. 

HAR.D 
WIRE 

K52E 

HEAT EXQ-1 BYPASS VLV 

QiSO CHSI T K34-I 

COLO HE 
SUPPLY 

SHUTOFF 
VALVES 

rHExBYPASs- -
: VALVE (NO) 

I 

L~~~~L2 ___ _ 

LOX TANK PRESSURIZATI■ 

LOX~PRESS 
VALVE :r.:200141 

-------
CLO OPEN CLOSE OPEN 

eot.DIE. 
BACKUP 

PRESS SW. 
EPERGIZED• 

AUTO 

D12192 

DS7 

KOl56 

RDJ 1025 

r----------
1 ;:~ESS. 1ST 
I ANO 2ND BURN D 
I FLIGHT CONTROL - -
I REPRESS. 
I 
L _____ --

LOX TANK REPRESS 
REG BACKUP PRESS 
SWITCH 

LOX TANK 
PRESS. OK 

--, 
I 
I 
I 
I 
I 

_J 

K405 

KA92 

SIC IGNITION 

K34-2 

K60 K0-2 

r· Klt-2 

KU-I K86-2 

~ + 4D119 

KIS-2 

+.fO119 

s 
1-8.1 

R 
- 8.t _____, 

REY. A 
8-8.0 



R 
8-8.0 
'--" 

T 
8- 8_0 
'--" 

u 
8- 8_0 .....__,, 

P109 
LOX FILL 

LOX FILL 
DRAIN 
OPEN 
COMM 

P109 

K515 

ESE 

+ 40119 

K341 LOX 

FILL 
DRAIN 

CLOSED 
P109 

K340 

FILL ANO DRAIN 

LOGIC CLOSED 

K577 

K4 53 

LOX TANK PRESSURIZATION 

~ LO>- TANK 
K51 5 ~ PRE SSUR IZE D COMMAND 

DRAIN - T LOXFILLT K534 ~ 
LOG IC CLOSED 

K 577.1 TIME FOR 
•401 31 

TIME FOR 
LOX TANK 

PRESSURIZATION 

I LOX PRES 
00-1940 

K546 FLIGHT PRE SS ANO K421 

LOX TANK K535 LOX VENT 
PRESSURIZED K536 ICLOSEO P7 6 

K540 LOX TANK N P V 

J_ 
ICO:T MOOE RESET rl- 1940 

TIME FOR LOX .__.._ _ _, VALVE CLOSED 

PRESSURIZATION -~--- P
76 

S- IC 
CUTOFF LOX TANK 

PRESSURIZATION K534 
K526 

(FROM PANE L) 
OPEN (HOWR) 

(FROM PANEL) 
C L OSE (HDWR) 

P73 

• 40110 

(FROM PANEL) 
LOX PREPRESS 
VALVE OPEN 
COMMAND P73 

PRE S LOX TANK 
COMMAND 

-+40131 
C OM MAND ~ 
P73 

LOX PREPRE S 
VALVE CLOSE 
COMM AND + 40110 

4DIR 

HEAT EXCH BYPASS VLV 

L I K34- 1 

K86- 1 

4DIR 

LOX TANK PRESSURIZATION 
SHUTOFF VALVES 

SW. SEL. 
CLOSE 

CH. 79 

BACKU P 
I PRE SS C IP 

• 40110 

TIME FOR 

LOX TANK 
PRESSURIZED 

01 

TO 5 -- IVB 
OPERATIONS 

PANEL 

601 1121A1 L0<•:1~ 
K536 K492 LOX TANK M IN LOX TANK 

MIN LO 
PRESS OK 

LO PRES OK 

LOX TANK 
PRESSU RIZED 
SEE: 
LAUNCH 
CHAIN 
P187 

+4015 

r--+-- 4DCOM 

rco~s,m 
REG. 

8 l sw1TCH 
350-465 PSIA 

FROM COLD 
HELIUM BOTTLES 

coLo HE • 
SU PPLY I 

SHUTOFF 
VALVES 1 I.!:!_....,. __ 

4DCOM 

I LO X TANK 
I PRESSURIZATION 

l_:~_:~u_L:--t:::! .... -

L 
8- 8 .3 
'--" TO 0 2 H2 BURNER 

LO X 8c LH 2 CRYO 
REPRESS SUPPLY 

K1 1- 1;:r 

I--K~5i - 1 
HEX BYPASS 

: VALVE (NO) l 

~~~.7~--
4DCOM 

L __ ___ ___ --------- - - _____ ..,J 

M 

8- 8.4 __, 

K60-1 

LOX TANK FLT. 
PRESS SYS. ON CMD, 

4DCOM 

403A 74 151 

! :;;PRESS. 1ST 8c2N;
I BURN FLT CONT_ 
1 REPRESS. GND F ILL 

PU 41 PSIA MAX 
DO 38 PSIA M IN I 
V LV CONT 

I 
I 

L ___ _ 
LOX TANK REPRE SS 

REG B/\ CKUP 
PRE SS SW ITCH 

58 

0--
LOX TANK GND 

F ILL OVER 
PRE SS AND 
PREPRE SS 

r--''--
4 DC OM 

K74- 1 

._ ________________________________________ j.__.J LOX PRE - PRESS '¥~2 FLT SW E NERGI Z ED 

C009 

J - 2 HEAT 
E XCHANGER 

PREPRESS. 1ST 
~ 2N D BURN FLT 
CONT. REPRE SS. 
GND F ILL 
VLV CON T 
PU 41 PSIA MAX 
DO 38 PSIA MIN 
58 

NEW 
8-8.1 



STAGE 
PRESSURE 
PANEL 

ELECTRICAL 
SUPPORT 
EQUIPMENT 

I 
I 
t +20D141 

56 

CLOSE 

AUTO 

OPEN 

Dl-2193 Dl-2192 

LOX 
PREPRESS 
VALVE 

DC>-1600 

OPEN COMMAND t4Dtt0 

STAGE 

4DIR 

COLD HE 
SUPPLY 

SHUTOFF 
VALVES 

(NC) 

\ 

K525 

4DIS 

4DCOM 

y 

4DIR 

t20D241 

LOX 
PREPRESS 
VALVE 

K569 
PRESS 

K534 LOX 
TANK P73 

LOX 
PREPRESS VALVE 
CLOSE COMMAND 

4DIS 

4DCOM 

COLD HE 
SUPPLY 

SHUTOFF 

VALVE 
L2 (NC) 

J 

20D2R 

LOX TANK PRESS 
CONTROL MODULE 

EMERGENCY LOX TANK PRESSURIZATION 

STAGE POWER MUST BE ~ 
TRANSFERRED BEFORE ~ 
DISABLING STAGE GROUND POWER 

♦20D241 

515 
STAGE 

ENABLE O , 

GROUND POWER 
DISABLE 

LOX 
PREPRESS 
VALVE OPEN 
(HDWR) 

+4Dt 10 

K466 

+4DII0 

NETWORKS 
PANEL 

~AGEGND 

KtOlI PWR DISABLE ___ _ 

LOX +4DII0 

K42 t PRE PRE 55 
VALVE 
OPEN COMMAND 
(HDWR) 

EMERGENCY LOX 

TANK PRESSURIZA
TION COMMAND _ ....... ..__ 

4DIR 

t4DII0 

K466 

KI03 
STAGE GROUND 
PO\NER DISABLE 
(HDWR) 
P25 

4DIR 

7 
l 
I 

'V 

NEW 
8-8.2 



STAGE 
PRESSURE 
PANEL 

ELECTRICAL 
SUPPORT 
EQUIPMEt 

STAGE 

SAT V LOX TANK Rl:PRESSURIZATION 

AUTO 

LI 

MEAS LOX MIN 
LO PRESS OK 

18- 41 ! PSIA 

8-- t ._________, 

AUTO 

LOX TANK REPRESS 

HELIUM DUMP VALVE 

LOX TANK PREPRE SS, 

1 ST ANO 2ND BURN 

F LIGHT CON TR OL. REPRE S S . 
GROUND F ILL VALVE CONTROL 58 

~ 

LOX TANK 

REPRESS 

.1 K717 

REPRESS 

\ '""' P S IA 

---8 
LJ 

LOX TANK REPRE SS RE G 

BAC KUP PR(;: 55 S W S'.:i 

LOX 
REPRE SS 
VA L VE OPEN 
ENABLE 
DS4 7 

ffi 

58 

~---------@ 
,-- -----7 
I I 
I I 

I PILOT 

.. I BLEED -

I 
I 
I 
L_ 

L3 

L2 

I 
I 
I 

I 
I 
I 

_ ____ J 
REPRESS CONTROL MODULE 

DUMP 

1 

00-- 1778 

REPRESS 
SYSTEM 

ENABLED 

0533 

01- 1778 

K75- 1 

~ 

LI 

SYSTEM 

LAUNCH 

MODE 
0 525 

BURNER 
SYSTEM 

RELAYS 

KI055I ~~T 

REPRESS 
SYSTEM .. :1~~~" 

K87- 1 K87- 1 

L2 L3 

LOX TK REPRESS CONT VALVE (CRYCXiENIC) 

55 

r 
I I I 
L ___ l.._l 

PILOT 

B~D __ J 
PLENUM 

AND VALVE 
ASSY. 

AUTO 

T KJS-1 

CH 3 

RDl- 0789 

AUTO 

CH 37 
RO I- 0825 

LOX TANK 
REPRESS CONT 

VALVE ENABLE 

5 

K7 

L 2 

CH 36 
RD ~- 0824 

STAGE REPRESS SYSTEM 
MOOE SELECTOR 

AMB CRYO 

R 5 R 

K35 

40COM 

FROM 
VOTING 
C IRCUIT 
SHUTDOWN 

ON 
P94 

L OX TK REPRESS CONT VALVE (AMBIENT) 

OXYGEN-HYDROGEN 
auR,.,;ER ASSY 

NEW 

8-8.3 



-
STAGE 
PRESSURE 
PANEL 

ELECTRICAL 
SUPPORT 
EQUIPMEl,T 

STAGE 

20 DIR 

REQUEST 

0542 w FOR LOX 

PRESSURE 

DRAIN 

DO--t 79 1 

Dl- 179 1 

REQUEST 

LOX 
TANK 

PRESS 

FOR DRAIN 

SEE:ESE 
P-171 

+4Dtt0 

COL D HE 

FILL AND L OX 

TANK PRE- PRE SS 
DI SCONNECT 

DSSO 

D263 

20 DIR 

REQUEST 
R LOX TANK 

VENT 
OPEN 

D0--1715 

Dl- 171 S 

REQUEST 
LOX 
VENT 
OPEN 
ESE Pt 7t 

+4Dt 10 

C2t0 

coos 

i 
C208 

D261 

DS77 

SAT V LOX TANK, REPRESS AND COLD HELIUM INDICATIONS 
+240810 +24D810 

R25 R21 

R17 R13 

24D8R 

TO MEAS RACK TO MEAS RACK 

0088 DOSS coos 

LH2 TANK 

@ 

------- -1 

D26t 

COLD HELIUM 

BOTTLE (l>-3500 PSIA) 

+ 4D810 

R3 

K446 COMMIT 

R4 

HI 

4D8R 

LO 

LOX ULLAGE PRESSURE 
TRANSDUCER DS77 

TO MEAS RACK 
AND EDV- 18 

r --- - ---------7 
I D2S4 

I 
I 
1 
I 
I 
I 
I 
I 
I L __ 

I 
I 
I 

TOLH2 TANK I 
t---- REPRESS 

SPHERES I 
I 
I 
I 
I 

_ R~E~N~E J 

VENT ~-+---- DUMP 

PREPRESS , FLIGHT CONTROL 
REPRESS, GROUND FILL ' 

VALVE CONTROL 
PU 41 PSIA MAX REPRESS CONTROL MODULE 

DO 38 PSIA M IN 

NEW 
8-8.3.1 



(C45 P STAGE 
PRESSURE PANELi 

20DIR 

G 

LH MIN LIFT- OFF 

PRESSURE OK 

052 

ELECTRICAL SUPPORT 

EQUIPMENT 

00---1720 

~ 
S2l ~-;ANK MIN 
K522 LIFT- OFF 

PRESS OK 

+ 4D110 

C40H 
02H2 
BURNER 

PANEL 

FUEL TANK PRESSURIZATION 

RD10827 
CH, 69 

+ 200141 

57 

PRESS CONTROL 

SWITCH ENABLE 

ROI 0826 
CH, 68 

FIRST BURN RELAY 

8 
OFF 

CH. 69 

R 

+ 2001 41 

SECOND 

58 BURN 

SECOND BURN RELAY 

ON 
CH. 32 

OFF 
CH. 33 

K32-2 

~ T K9 

ST AGE 

40COM 

K76 L H2 T ANK A MBIENT A ND 

CRYOGENIC RE PRESS 

DISAB LE 

28- 31 

--0 
LH2 T ANK FLIGHT CONT 

PRESS SW (52; 

(REPRE SS A ND BURNER 

40COM 

K32 KB- 2 

28- 31 

1ST BURN 
B YPASS 

CONT VA LVE 

L 2 (NO) 

--a 
LH2 T A NK GRD. FIL L VLV. CONT. 

PREPRESS, REPRESS ANO 

S TEP P RESS PRESSURE SW (541 

~ 
K32- I 

K8- 1 
l 

K9- 2 

LH2 TK 
STEP 

PRESS 
CONT 

VALVE 
(NOJ LI 

L H2 PRESS CONT MOD 

601 - 1121A 1 

,TO S- IVB 

OPERATIONS 
PANEL C4TC 

(C4SP) 
STAGE PRESSURE PA NEL 

00--1946 

01- 1946 

w ....._,,, 
F ROM 438A 
HE X PNEU 
CONSOL E 

K555 l 

¥P 
K514 K560 

TIME FOR L H 

TIME FOR LH 

PRESSURI ZATION 
COMMAND 

K517 KSl7 

K453 I S-IC 
CUTOFF 

+40l 3I I LH T A NK 
K522 M IN LIFT- OFF 

PRE SS OK 

""] ,~,w""'"" 

~H VENT 1 
K503 VALVE KSSS I CLOSED LH TANK 

.. 

K32 

HDl19 

K48I 

LH LAT CHING 
REL IEF VALVE 

CLOSED 

LH TANK PRESS 

COMMAND 

+ 4015 

40COM 

KJ2 
28-31 PS IA 

--Gs• 
L H2 TK GRD F ILL 
VLV CONT PREPRESS. 

REPRESS AND STEP 

PRESS PRESSURE 
SWITCH 

PRESSURIZED 

FUEL T ANK PRESSURIZATION CONTROL 

0104 
M ODULE 
403A73A3 
1 B66230 ,,-, •- • ,,...,..-, 

GHZ FfOM .>-2 
ENGINE 

C231 

0 1-1938 

LH2 TANK REPRESSURIZATION 

+ 200141 + 2002'1 

SJ 

AUTO 

REPRESS HELIUM 
VENT VALVE 

+ 200141 

528 
L H REPRESS 

VA L VE 

AUTO 

05S4 

ELECTRICA L 

LH2 TANK AND REPRESS INDICATIONS 

REQUEST FOR 
LH PRESSURE 
DRAIN DS4J 

REQUE S T 
LH TANK 
VENT 
OPEN 
0 551 

CH81 CH 39 

01-2185 01- 2184 RD l-0786 ROl-0787 
SU PPORT ~-0-o-~,-71- 9-

'EQUIPMENT 
00-1732 • --• TO M EA S. RACK 

h 
KS67 KS68 

STAGE 

T / M 
K217 

00---1596 

K 567 

4 0 IR 

T/ M 
K21 8 

KIS-1 

K568 RE PRESS HEL IUM VENT 

VA LVE OPEN (HOWR) 

20 02R 

L H2 T ANK RE PRESS 

CONTROL VALVE OPEN 
CH 39 CH 81 

ON OF F 

P94 FROM 
VOTING CIRCUIT 
SHUTDOWN ON 

K I 01 

K 101 

560-----
350-465 PSIA 

KS2-I 

L2 L3 L I L2 LH2 TK RE PRESS REG p 77 

LH2 TK RE PRE 55 

HE DUMP VALVE 
LH2 T K RE PRESS CONT 

VALVE (AMBIENT 

REPRESS AND BURNER 
PU 31 PSIA MA X 
00 28 PSIA M A X 

Sa 
GNO FILL 
PREPRESS 

PU JI 
PSIA MAX 

DO "8 

LH2 TK REPRESS CONT 

VA L VE (CRYOGENIC) 

~PRESS CONTROL MO:LE 

I 
I 

BACKUP PRESS S W 

PSI-" MAX i...:;;:::;::::;::;:;:::;:::::;;:::;::::;:::::;:::::;:::= 
PIL OT BLEED I I 

I 0576 

__ J I 

l L__ _____ _ 

TO ENG, HE TANK 

LOX TANK 

LH2 T A NK REPRESS SPHER_E_s ______ _j 
0020 REFERENCE 

0 1-1 719 ~ 
SEE· ESE P-173_ 1 ___ ,, ___ ~ 

REQUEST LH P RES S REQUES T LH 

F OR DRA IN VENT O PEN 

+ 401 10 

L H2 REPRESS 
CONTROL 

----852 
28- 31 PSIA 

0020 

COMMAND LOX AND 

LH2 TANK REPRESS 
CONTROL VA LVE 
OPEN RELAYS DISABLE 

+ 4015 rr 
K9-1 K3-1 

4DCOM 

--Gs• 
28-31 PSIA 

0231 

LH2 TK GRO F ILL VLV 
CONT PREPRESS REP RESS 
AND STEP PRESS 
PRESSURE SW 

C 379 

OXYGEN-HYDROGEN 
BURNE R ASSY 

2409R 

+ 40810 

R1 

R2 

+ 4 0131 40IR 

XOUCER POWE R XDUCER MEAS, 

FUEL TANK ULLAGE PRESSURE XOUCER N0.3 0-576 

MT 601A 

TO MEA S 
RACK ANO 
EDV-I8 

NEW 
8-8.4 



S TAGE 
PRES SU R! 
PANEL 
1,C4S P 

CONTROL HELIUM FILL & MONITOR !STAGE PNEUMATICS] 

"

00

"' I]"' I 
CONTROL HELll.JM 

54 VENT VAL VE 

-------
CLO SE OPE"l CLOSE OPEN 

S T A GE 

C0l 4 

PURGE 
SUPPLY 

KJ97 

~ K496 K49 7 

I 

- -, AMB IENT HE 
1 DUM P VALVE 
I 403A 7 3A5L1 

0 256 

I I 
L-t - -

1 

- i__ _ _ :::'..btl 
HE LIUM 

F IL L MODULE 

w 12 PLACE S .___,,, 
TO LH2 AMB 

Rt.P~Sb 
MOOiJ l E 

A U TO 

C H 21 

IRDl~0819I 

T 
K 516 

-~ 
1 

CH20 

I CONT R HE 5 0 
I VALVE (NOl LI 

- .J 

'2 PLACES w ◄==--'====~ ...___., 
T O L OX AM S 

REPRESS MOO 

CONTROL 
HE SHUTOFF 

VALVE CONT ROL 
RE LAY RESET 

A M S HELIUM 
SUPPLY SrlUTOFF 

VALVE CLOSED 

CONTROL HELIUM 
STA GE PNEUMA TICS 

E NGi NE 
PRE PA RA T ION 
PANE L 
(C4E P) 

0 .___,,, 
TO 433A 

PNEU CONSOL E 

STAGE 

£NGIN£ CONTROL BOTTLE FILL 
CONTRO L BOT f L E 
ENG INE PRESS 
0-3200 PSIA 

T O MEA S RA CK 

ENGI NE CONTROL BOT T LE 
T EMP -350° 
TO -+ 100°F 

A U TO 

C007 0 1241 9 012418 

T 
K410 

FROM 
REPRESS 
SPH ERE $ 

STAR T 
T A NK 

K4 1• 

E NGINE 
E MERGENCY 
HLIUM VENT 
O PEN 

ENG INE 
PREPA RATION 
PA NE L 
(C4E P) 

ELE C T R ICAL 
SUPPORT 
E QUI PMENT 

STAGE 

RDl-0811 

CH 31 

TT 
K22-1 K85-t 

40COM 

START T A NK :r _ RECHARGE VA LVE __ 

OPEN 

ROl-081 0 

CH 14 

START TANK RECHARGE 

D0--1783 

S TA RT T A NK 
RECHA RGE CLOSED 
AND DISARM ED 

S I 3 STA RT T ANK 
RECHA RGE 

RD l-0842 

CH-98 

0 1-1783 

RDl-0843 

CH-98 
INHIB I T 

~ 

1 K 77- 1 

START T A N K 
REC HA RGE A RM 

l K::RTTA NK 

CHA RGE V/\ L VE 

M 

T 
K870 

S WIT CH SE L E CTOR 

CH98 CHl 4 C H31 

KBS 

165 START T ANK 
REC HA RGE VA L VE 
CLOSED A ND D ISA RMED 
/ SE E LAUNCH CHAIN) 

401R 

r- - - - - -•FROM PNE UM)ITIC P OWER CONTROL MODULE 
I 

S T A RT TA NK VENT [tJ=-- - --- rf, _____ _ 
A NO RELIEF DRA IN -- - - - ~ - -------.., 

S T AR T T ANK ' ~ 

r - TE M PC006 
PRES S O 0 17 

/ / PRF.SS D 241 

VENT A ND 
RELIEF VALVE 

, / , , 
/ / 

/ , , / /, 
HYDROGE N // / 

ST ART TAN K [13::. = = = = =. ~ 
INITIA L F ILL 

NOTE. SEE HYDROGE N S YS T E M 

START T /\NK 
DISCHARGE 
VA LVE - --- --

( '', ,, , , ~ ,, ' ' , '\ ' ,'----- N _ _ ...ri] S TART TANK 
11 ~ - - - - C - --t....!] E MERG VENT 

11 ST A RT T/\N K 
I I EMERG DUMP VLV ,, ,, 
'1 ~~ = B = = = FROM J-2 ENG 

REV. A 
8-9 



L H2 TAN K PRESS 
SW ITCH 41 152 OR 
411 54 

. L H2 T A NK REPRESS 

- REG BACK UP PRE SS 
SW ITCH 41 356 
(COL D HE PRESS > 465 
PS IA AT BURNER INLET) 

+ 4Dt 5 

E SE MODE SEL COMMAND - S TA GE RE PRE S S - A M BIENT---------------

FLT P ROGRAM 1REPRE SS SYS. M OOE SEL. AMB. ON' - - ---------ll"i 

N.P. ENG. C.O.-------------

Oz Hz BURNER MALF.-------------

COMP. TE ST L OC K OUT------------

E SE COMMAND LOX TK 
REP RE SS V L V CLOSE ___________ .,a 

FLT. PROGRAM 

(LOX TK PRE SS V LV. OPEN OFF) 

SW. SEL. 
CHAN. 4 

E SE COMM "D RE PRE SS. 

MODE SELE CT BURNE R------~ 

FLT. PROGRAM 
(REPRE S S MORE S E L ECT AMS. OFF)-------

FLT. PROGRAM -
(LOX T K REPRESS CONT. VLV OPEN ON)------.! 

E SE COMM 'D LOX TK REPRESS 
VLV TO OPEN -----.i 

PRE SS SW. 40358 P.U . 
(LOX TK PRESS> 41 PS IA) 

+ 4D1 5 

+ 4Dt 5 

LOX TANK REPRESS. REGULATOR BACKUP PRESS SW. 40355 P.U .------1 

S W SEL CHAN 36 

SW. SE L. 
CHA N. 37 

SW. SE L 
C HAN. 3 

s 0 

R 

(K35l 

s 0 

R 

(K7) 

TO OPEN 
L OG IC 

+ 4Dt5 

K35 RE SET 

E SE COMM ' D RE PRE S S 
S Y ST EM D ISABL E ON 

TO OPEN 
LOGIC 

K83 

+ 4Dt 5 

+ 4Dt5-----d 

G 

(COLD HELIUM PRESS >465 PSIA AT BURNER INLET) FROM K35 

LH2 REPRE S S 

OPEN COMMAND SW. SEL. CHAN 39 ON 

TO OPEN LOGIC 

S O ~----' 

FLT. PROGRAM (LHz TK REPRESS CONT. VLV OPEN ON) --------... -! 

R 

N. P. ENG. C. O. (KIO) 
BURNER MALF. 

COMP. TEST LOCKOUT 

LH2 REPRESS CLOSE _______________ _.., 
SW . SEL. CHAN. 31 

FLT PROGRAM 
(LH TK REPRESS CONTROL __________ __ 

VALVE OPEN OFF) ESE HARDWIRE COMM 'D - LOX REPRESS VALVE SWITCH IN OPEN POSITION------------.. 

ESE COMMAND STAGE GND----------------"-'K"-Z"-I ➔-i 
POWER DISABLED + 4Dt to ---------------.i 

LOX TK REG . BACKUP PRESS SW. 40351 
LOX TK MIN PRESS OK------------'-'K=49::2:......iw PICKED UP (COLD HEL. PRESS ________ _.,. 

SIC IGN K405 > 465 PSIA AT REG. OUTLET) 

ESE COMM'D COLD HEL 
BACKUP PRESS SW. AUTO 

ESE TE ST 

+ 4Dt5 

PRESS SW. 40358 PICKUP 
(LOX TK PRESS >4t PSIA)_-----t~ 

+ 4Dt5 

FLT PROGRAM (LOX TK. PRESS. 

ESE COMMAND LOX TK PRE SS -------to,! 
COAST PERIOD - ON 

SWITCH VALVE CL) 

+ 4Dl5 

SW SEL CHAN 79 
s 0 

R 

+ 4Dt5 

H 

K 

JUMPER IN STALLED---•---------------.. -------1~~ 
FLT PROGRAM (LOX TK 

PRESS SHUTOFF) 
VALVES OPEN 

(K34) E SE COLD HE L S UPPL Y------_.. 
S HUTOFF VLV SWITCH 

E SE COMMAND LOX TANK 
PRESS COA ST PERIOD NOT ON' _________ ---,""4 

SW. SEL. CHAN. 103 

SW SEL 
CHAN 80 

I N CL OSE POS ITION 

LOX T K PRESS.----'K;.:5;;;.3..;.4
--<j 

COMM ' D (E SE) 

ESE COLD HEL. SUPP. SH UTOFF------,., 
VALVE SW. IN CL. POSITION 

+ 4Dl5 

+ 4D15 

S O ~--------------------------' 

SW. SEL CHAN 104 
ESE COMMAND 

R 

LOX TANK FLT --------------to,! 
PRESS SY S. ON FLT. PROGRAM 

(Kl 1) 

(LOX TK FLT PRESS SYS ON) 

ESE COMMAND FLT. PROGRAM 
LOX TANK FLT (LOX TANK FLT PRESS S YS. OFF),--------. 

+ 401 5 

KI O 

K87 

E SE 

+ 4Dl5 
Kit SET 

PRESS SYS NOT ON ----------------1.! 

SW. SEL. 

1--------------' FLT. PROGRAM- (HE X B YPASS _c_H_A_N_. _5_0 _ s o~------------------------------' 
VALVE CONTROL ENABLE) 

ESE TEST JUMPER INSTALLED------- SW. SEL.CHAN. 51 ON--------1~ R 1-------------l►TO OPEN LOGIC 

(K15) 

HELIUM SYSTEM CONTROL VALVES CLOSE LOGIC 

L OX Tl<. RE P RC SS 
I-L_2 _____ CONTROL VAL VE CL OSE 

L 3 (AM B. S Y S T EM ! 

Lt LOX T ANK REPRE SS 

~----- CONTROL VALVE CLOSE 
L2 (CYRO S YSTEM) 

LH TANK REPRESS 
L 2 

CONTROL VALVES CLOSE 
LI (CY RO SYSTEM) 

+ 4D1 5 

NOTES: 

LH TANK REPRESS 
L 2 CONTROL VALVES 

L3 CLOSE 
(AMB. SYSTEM) 

L l 
COLD HELIUM 
SHUTOFF VALVES 

L3 CLOSE 

Ll REDUNDANT COLD HE 
L 2 5/0 VALVE CLOSE 

HEX BYPASS 
I-L-2-----1► VALVE CLOSE 

I. MAG. LATCH RELA YS SHOWN IN RESET STATE. 

SET INPUT ~OUTPUT "1" WHEN SET 

RESET INPUT~OUTPUT "0'' WHEN SET 

(RELAY NO) 

2. D.A. = PRESS URE SWITCH DEACTIVATED 
P.U. = PRESSURE SWITCH PICKED UP 
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LH2 TANK PRE SS 
SWITCH 41 152 OR 
41154 

LH2 TANK REPRESS 
REG BACKUP PRESS 
SW ITCH 40356 (COLD 
HE PRESS > 465 P S IA 
AT BURNER INLET) 

ESE MODE SEL. 

STAGE REPRESS - AMBIE NT----

FLIGHT PROGRA M --------'! 
(REPRESS SYS. MODE SELECT A M S. ON) 

E SE COMMAND REPRE SS 
MODE SELECT TO BURNER 

F LT. PROGRAM --------------t~ 
(REPRESS SYS. MODE SEL. AMS OFF) 

S W. SEL CHAN 36 ON 

N.P. ENG. c .o ------e-i 
O2/ H2 BURNE R MALF. 

COMP. TE ST LOCK OUT 0 
~--------------------- E 

SW. SE L CHAN 37 

SW SE L CHAN 4 

F L T PROGRAM 

E SE COMMAND 
LOX TK REPRE SS 
VLV TO DISABLE (LOX TK RE PRE SS CONT. VLV. OPEN ON) SW . SEL. CHAN 3 

FLIGHT PROGRAM 

(LOX TK REPRESS VLV . OPEN OFF) 
PRESS SW. 
40358 D.A. 

s 

R 

s 

R 

{LOX TK PRE SS <'. 38 P S IA) -----l.i, 

ESE COMMA ND--------------~ 
LOX T K RE PRESS 
VALVE T O ENABLE 

ESE L H REPRESS 
COMMAND ENABLE 

FLT. PROGRAM--------------11~ 
(LH2 TK REPRE SS CONT. VLV OPEN OP ) 

ESE COMMAND LH 
REPRE SS DISABLE COMP. T EST LOCK OUT 

FLT PROGRAM 
(LH2 TK REPRE SS CONTROL 
VALVE OPEN OFF) 

+ 4DII0 

LOX TK REPRESS REG. BACKUP PRESS SW 4D3 55 
(COLD HEL A T BURNER INLET<.350 PS IA) 

SW. SEL . CHAN 39 ON 
s 

R 

SW. SE L CHAN 3 1 

0 

TO 

t >< 35l 
CLOSE 
LOGIC 

B 

0 
RELAY K7 SET 

ESE COMMAND 

T O REPRE SS SYSTEM 

(K7) C LOSE DISABLE ON 

L OG IC +4D15 

+4D1 5 

0 t4D15 

L 

(Kl0) 

TO CLOSE 
LOG IC 

E SE HARDW IRE COMMAND-COLD HEL 
SHUTOFF VA LVE SWITCH 

IN OPEN POSITION 

ESE COMMAND 
S TAGE G ND PWR 

DISABLED 

+ 4D 15 

+4015 1:\ 
LOX T K PRE SS S W 40358 D.A.----.. • l) + 1----------------------~, ~ 
(LOX T K PRESS ('. 38 P S IA) ~ 

PRE SS SW. 40358 PICKUP----a-j 
(LOX TANK PRES S >41 PS IA) 

L OX TAN K -----------------,..,.-,,-.q 

K 60 

LOX T K REG. BACKUP PRE SS S W. 40351------
PICKED UP 

L 2 

L3 

K83 

L 2 

RELA Y Kl0 SE T 
L 2 

L 2 

L3 

LI 

L3 

LI 

L2 

LOX T ANK REPRESS 
CONTROL VALVE S O PE N 
(AMS. SYST E M ) 

LOX TANK REPRE SS 
CONTROL VA LVE S OPEN 
(CRYO SYSTEM) 

LH TANK REPRESS 

CONTROL VALVE S OPEN 
(CRYO SYST EM ) 

LH TANK REPRESS 
CONTROL VALVES OPEN 
(A MS. SYSTEM) 

COLD HEL. SHUT OFF 
VALVES OPEN 

REDUNDANT 

COLD HE s/o 
VA LVE OPEN 

MIN PRESS S IC IGN. 
OK 

(COLD HEL. PRE SS>465 PS IA 
AT REG OUTLET) .-------------l.i+ .-.4015 

E SE COMM 'D----------+-1 
COLD HEL BACK FLT. PROGRAM 
UP PRE SS SW. (LOX T K. PRESS. SHUTOFF VLV CL.) SW SE L CHAN 79 ~----, 
DI SABL ED 

E SE TE ST 

ESE COM MAND LOX TK PRESS-----aol 
COAST PERIOD ON 

FLT PROGRAM 

JUMPER IN STALLED --------40----------------------tl---e~ 
(LOX TK PRESS SHUT OFF 

VALVES OPEN) ----II~ 

E SE COMMAND L OX TANK 
PRE SS COAST PERIOD NOT ON-----..i 

E SE COMMAND------------,

LOX TANK FLT 
PRE SS SYS. ON 

FLT. PROGRAM--------11~ 
(L OX TK FLT PRESS SYS ON) 

E SE COMMAND----------1 , 
LOX TANK FLT 
PRE SS SYS. NOT ON 

ESE TE ST 
JUMPE R 

INSTALLED 

1-----------------s_w_._,,_- E_L_. _c _H_A_N_._1_0_3 _____________ S 

SW. SEL. CHA N. 104 .------__:.__:._::....:..: __ ..c... ___________ --ll~R 

FLT. PROGRAM - (HEX B YPASS--'
5
-'W-".'--

5
"-E=L_C...;H.;.A..;...;N.:... "50-'---I~ S 

VALVE CONTROL ENABL E) 

SW. SEL. CHAN. 51 ON-------------1.-IR 

(K34) 

0 

(K1 5) 

TO CLOSE 
LOGIC 

ESE COLD HEL S UPPLY 

IN CL OSE POSITION 

E SE COMMANU------"1 
COL D HEL. S UPP. 
S HUTOFF VLV. C L . 

.------Q 

LOX TK PRE SS. 
COMM'D (E SE) 

TO CLOSE LOGIC 

HELIUM SYSTEM CONTROL VALVES OPEN LOGIC 

,_ __ ......;.Kcc1.;.1..cR.:.:E;;:.S;;:.E;;:.T.;_-t~ t 

K15 RE SET 

NOTES: 

L 2 
HEX BYPASS 
VALVE OPEN 

1. MAG. LATCH RELAYS 

SHOWN IN RESET STJl"Q;; 

SET INPUT :o=OUTPUT"1" 
WHEN SE T 

RESET INPUT OUTPUT "0" 

WHEN SET 
(RELA Y NO.) 

2. D.A. PRE SSURE SWITCH DEACTUATED 

P.U. PRE SSURE SW ITCH PICKED UP 
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9.0 
9. 1 
9. 1.1 

02lH2 BURNER 
SYSTEM DESCRIPTION 

GENERAL DESCRIPTION 

THE 02/H2 BURNER IS PART OF THE SIVB/SATURN V REPRESSURIZATION SYSTEM. THE BURNER OR HELIUM HEATER AS IT IS ALSO CALLED PROVIDES 

THE SIVB STAGE WITH A DUAL SYSTEM FOR TANK PRESSURIZATION. COLD HELIUM STORED IN BOTTLES IN THE LH TANK IS ROUTED THROUGH A HEAT 

EXCHANGER IN THE BURNER AND USED TO PRESSURIZE PROPELLANT TANKS FOR J2 ENGINE RESTART. THE TANKS MAY ALSO BE RE PRESSURIZED 

USING HELIUM STORED IN THE AMBIENT HELIUM BOTTLES LOCATED ON THE THRUST STRUCTURE. THE BURNER IS RESTARTABLE AND IN THE EVENT 

A CONDITION SHOULD DEVELOP IN THE VEHICLE WHICH EXTENDS BEYOND THE ORBITAL LAUNCH WINDOW AFTER INITIAL RESTART REPRESSURIZATION· 
' 

THE BURNER SYSTEM CAN AGAIN BE EMPLOYED TO PRESSURIZE THE TANKS FOR ENGINE RESTART. 

THE BURNER SYSTEM IS COMPRISED OF THE FOLLOWING MAJOR COMPONENTS AND ASSEMBLIES: 

t. SPARK EXCITER UNITS 

2. Bl-LEVEL BRIDGES 

3. VOTER REGULATOR MODULE 

4. PROPELLANT VALVES 

5. BURNER ASSEMBLY 

6. TEMPERATURE TRANSDUCERS 

7. ACTUATION CONTROL MODULES 

A FUNCTIONAL SCHEMATIC SHOWING THE BASIC CONFIGURATION OF THE O2/H2 BURNER SYSTEM IS SHOWN IN FIGURE 9-1. 

9. 1 .2 OPERATION 
STARTING AND CUTOFF SEQUENCING OF THE BURNER IS ACCOMPLISHED BY THE INSTRUMENT UNIT THROUGH THE SIVB STAGE SWITCH SELECTOR. 

BURNER IGNITION IS INITIATED BY THE FOLLOWING SEQUENCED COMMANDS, LH2 VALVE OPEN, SPARK EXCITERS ON, AND LOX VALVE OPEN. PRO

PELLANTS ARE FED TO THE BURNER THROUGH VACUUM JACKETED DUCTS AT THE EXISTING TANK PRESSURES AND THEN VAPORIZED AS THEY PASS 

THROUGH REGENERATION COILS IN THE HEAT EXCHANGER PORTION OF THE BURNER. 

THE PROPELLANTS ARE THEN INJECTED INTO THE COMBUSTION CHAMBER WHERE THEY ARE IGNITED BY AN ELECTRICAL SPARK. THE SUPER HEATED 

GASES ARE BURNED AND ROTATE WITHIN THE COMBUSTION ZONE BEFORE EXITING INTO THE HEAT EXCHANGER SECTION. THE HEAT EXCHANGER 

CONSIST OF THE HYDROGEN REGENERATIVE COIL, THE OXYGEN REGENERATIVE COIL AND FOUR HELIUM REPRESSURIZATION COILS FOR PROPELLANT 

TANK PRESSURIZATION. 

9. 1 .3 PROPELLANT CONTROL 
THE PROPELLANT FLOW TO THE BURNER IS CONTROLLED BY TWO PNEUMATICALLY ACTUATED PROPELLANT VALVES, A LH2 PROPELLANT VALVE AND 

A LOX SHUTDOWN VALVE. THE OPENING AND CLOSING OF THESE VALVES IS CONTROLLED BY APPLYING STAGE PNEUMATIC PRESSURE TO THE OPEN

ING OR CLOSING PORTS ON THE VALVE. ACTIVATING PRESSURE ON THESE VALVES IS 475 PSIG AND EACH VALVE CONTAINS POSITION INDICATOR 

SWITCHES. THE OPENING AND CLOSING PRESSURES ARE CONTROLLED BY ELECTRICALLY OPERATED SOLENOID VALVES WHICH ARE NORMALLY 

CLOSED AND REQUIRE AN ELECTRICAL SIGNAL TO THE SOLENOID TO OPEN THE VALVE. THESE SOLENOID VALVES ARE CONTAINED IN TWO ACTUATION 

CONTROL MODULES, ONE FOR EACH PROPELLANT VALVE. 

A REFERENCE SCHEMATIC OF THE VALVE CONTROL SYSTEM IS INCLUDED IN FIGURE 9-2 OF THIS DOCUMENT. IT SHOULD BE NOTED THAT OPEN COMMANDS 

TO THE VALVES ARE INHIBITED WHEN THE TEST JUMPER IS REMOVED. IT IS FURTHER NOTED THAT THE VALVES WILL REMAIN IN THE LAST COMMANDED 

STATE WHEN PNEUMATIC PRESSURE IS REMOVED. THE VARIOUS MEANS FOR COMMANDING THE PROPELLANT VALVES CLOSED ARE SHOWN IN THE 

SCHEMATIC. 
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9.1.4 IGNITION 
THE PROPELLANTS ARE IGNITED BY A SPARK PLUG TYPE OF IGNITION SYSTEM. A SPARK IGNITER IS INSTALLED IN EACH INJECTOR ASSEMBLY AND 

CONSISTS OF A SINGLE ELECTRODE AND SELF CONTAINED CIRCULAR GAP. AS CAN BE SEEN FROM THE FUNCTIONAL SCHEMATIC A DUAL IGNITION 

SYSTEM IS EMPLOYED. THE IGNITION SYSTEM TOGETHER WITH ASSOCIATED ESE IS SHOWN IN FIGURE 9- 3. THE MAJOR COMPONENT OF THE 

IGNITION SYSTEM IS THE IGNITION EXCITER UNIT. THE SPARK GAP, OUTPUT CABLE AND ELECTRONICS ARE ALL PART OF THE SPARK EXCITE R UNIT. 

THE EXCITER BOX AND OUTPUT CABLE IS PRESSURIZED WITH DRY NITROGEN AND HELIUM. PRESSURIZATION OF THE UNIT IS MONITORED BY A 

PRESSURE SWITCH WHICH DEACTIVATES AT 20.5 PSIA. THE SPARK UNITS ARE TURNED ON BY A SWITCH SELECTOR COMMAND WHICH APPLIES +40 15 

POWER TO SPARK EXCITER INPUT. THIS 28 VOLT INPUT IS CONVE RTED INTO A HIGH VOLTAGE WHICH JUMPS THIS GAP AT THE END OF. T HE 

OUTPUT CABLE. THE AVERAGE INPUT CURRENT TO THE UNIT IS 2.5 AMPS MAXIMUM AND THE MAXIMUM PEAK INPUT CURRENT IS 10 AMPS. THE 

OUTPUT VOLTAGE GENERATED BY THE UNIT IS 15 KILOVOLTS MINIMUM. 

FIGURE 9-4 OF THIS SECTION IS A SCHEMATIC OF THE SPARK EXCITER UNIT. THE OPERATION OF THE UNIT MAY BE EXPLAINED AS FOLLOWS. WHEN 

THE SPARK EXCITERS ARE TURNED ON; 28 VOL TS IS APPLIED TO COLLECTOR AND BASE CIRCUITS OF TRANSISTOR Qt. THE COLLECTOR TO BASE 

JUNCTION IS BACK BIASED BY THIS VOLTAGE AND THE BASE TO EMITTER IS FORWARD BIASED SLIGHTLY DUE TO THE CLAMPING ACTION OF CR2 AND 

CR3. THE COLLECTOR AND EMITTER CURRENTS HAVING INCREASED FROM ZERO INDUCE VOLTAGES AT THE SECONDARY OF TRANSFORMERS T l AND 

T2. THESE INDUCED VOLTAGES ARE OF SUCH A POLARITY AS TO INCREASE THE BASE DRIVE (POSITIVE FEEDBACK) AND CAUSE THE TRANSISTOR TO 

GO INTO SATURATION. AT SATURATION THE TIME RATE OF CHANGE OF THE COLLECTOR CURRENT GOES TO ZERO. THE FEEDBACK VOLTAGES NOW 

DROP TO ZERO AND THE CURRENTS START TO DECAY, REVERSING THE POLARITY OF THE FEEDBACK WINDINGS AND TURNING TRANSISTOR Q1 OFF. 

WHEN TRANSISTOR Qt TURNS OFF A HIGH VOLTAGE IS INDUCED IN THE OUTPUT WINDING OF T2 WHICH CHARGES CAPACITOR C3 THROUGH CR 7. 

ZENER DIODES Zt AND 22 LIMIT THE VOLTAGE ACROSS THE TRANSISTOR AND RESISTOR R2 LIMITS THE REVERSE BIAS CURRENT. THE INDUCED 

VOLTAGES THEN DROP OFF AND THE PROCESS IS REPEATED. THIS SWITCHING PROCESS CONTINUES TO BUILD UP THE CHARGE ON C3 UNTIL DIS

CHARGE TUBE Vt FIRES. AT THIS TIME C3 DISCHARGES THROUGH THE LC CIRCUIT OF T3 AND C4. TRANSFORMER T3 ACTS AS AN AUTOTRA NS

FORMER AND A HIGH VOLTAGE IS INDUCED ON THE SECONDARY DUE THE SHARP CURRENT RISE IN THE PRIMARY CIRCUIT. A HIGH VOLTAGE ARC 

IS THUS PRODUCED AT THE IGNITER SPARK GAP. 

T /MAND TEST MONITOR VOLTAGES ARE PICKED OFF BY A TEST MONITOR WINDING ON T2 AND PULSE MONITOR TRANSFORMER T4. THE SWITCH ING 

ACTION OF Q1 INDUCES A VOLTAGE ON THE MONITOR WINDING OF T2 . THIS VOLTAGE IS RE CTIFIED AND FIL TE RED TO GIVE A 3.2±:0.5 VOLT DC LEVEL 

OUTPUT WHEN OPERATED INTO A 100K OHM LOAD. SPARK GAP DISCHARGE CURRENT GENE RATE S VOLTAGE PULSES IN T4 WHICH ARE SHAPED AND 

SUPERIMPOSED ON THE 3.2 VOLT OUTPUT TO INDICATE THE SPARK RATE WHICH IS 20 TO 100 PU LSES PER SECOND. THESE PULSES ARE BETWEEN 

0.3 AND 0.7 VOL TS IN MAGNITUDE. 

THE SPARK UNIT IS CAPABLE OF 4000 CYCLES WHILE OPERATING AT A DU TY CYCLE OF ON F OR 5 SECONDS AND OFF FOR 5 MINUTES. THE ESE 

TEST CIRCUITS LIMIT OPERATION TO THIS DUTY CYCLE WHEN THE SPARK TE ST COMMAND IS GIVEN FROM THE ESE. THE ESE DUTY CYCL E C IRCUIT 

IS NOT ACTIVATED WHEN THE SPARK COMMAND IS GIVEN FROM THE SWITCH SE L ECTOR AND T HEREFORE CAUTION SHOULD BE OBSERVED T O A VOID 

EXCEEDING DUTY CYCLE WHEN OPERATING SPARK UNITS VIA THE SWITCH SELECTOR. 

9.1.5 CUTOFF 
BURNER CUTOFF IS SEQUENCED BY FIRST CLOSING THE LH VALVE AND THEN THE LOX VALVE WITH THE APPROPRIATE SWITCH SELECTOR COMMANDS. 

AN AUTOMATIC CUTOFF MAY ALSO TURN THE BURNER OFF IN THE EVENT OF AN IGNITION FAILURE OR BURNER FLAME OUT. THE FAILURE MODE IS 

DETECTED BY A THERMAL VOTING CIRCUIT WHICH SENSES THE TEMPERATURE OF THE GH2 PRIOR TO ENTERING INJECTOR NO. 2. THE AUTO CUTOFF 

CIRCUIT IS ENABLED BY THE SWITCH SELECTOR APPROXIMATELY SIX (6) SECONDS AFTER BURNER IGNITION COMMAND. CUTOFF IS INITIATED IF TWO 

OUT OF THREE TEMPERATURE SENSORS DETECT THAT THE HYDROGEN HAS NOT BEEN HEATED IN THE BURNER HEAT EXCHANGER. 
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9. 1.5 CUTOFF (CONT) 
THE OPERATION OF THE AUTO CUTOFF SYSTEM IS BEST EXPLAINED BY THE LOGIC DIAGRAM IN FIGURE 9- 5. FOLLOWING THE SIGNAL FLOW , IT CAN 

BEE SEEN THAT A LAMFUNCTION IS DETECTED WHEN TWO OUT OF THREE OF THE BRIDGE MODULE SENSE A TEMPERATURE OF LESS THAN 51 ° R. THE 

BRIDGE MODULES EMPLOYED ARE THE SAME TYPE OF UNITS THAT WERE USED FOR SIGNAL CONDITIONING OF THE P.U . OVEN ON MONI TOR. EACH 

TEMPERATURE SENSOR IS IN ONE LEG OF A BRIDGE CIRCUIT AND THE BRIDGE UNBALANCE SIGNAL IS AMPLIFIED BY A DIFFERENTIAL AM PLIFIER 

WHICH IN TURN DRIVES A TRANSISTOR SWITCH CIRCUIT TO SUPPLY THE LOGIC LEVELS. THE BRIDGE MODULE IS ADJUSTED TO SWITCH ON ( 19 VOL TS) 

AT TEMPERATURE SENSOR RESISTANCE OF 71 .5 OHMS (APPROXIMATELY 51.1 ° R) AND OFF (0.1 VOLTS) AT 70 OHMS (APPROXIMATELY S0 .8° R) . A LOW 

GH2 TEMPERATURE (S0.8° R) IN THE INJECTOR NO. 2 FUEL LINE WILL RESULT IN LOW LEVEL VOLTAGES APPLIED TO THE INPUTS OF THE VOTER 

REGULATOR MODULE (SEE FIGURE 9- 3) . WITH THESE INPUTS LOW THE SIX INPUT DIODES ARE FORWARD BIASED CAUSING THE RELAY DR IVER TO 

ENERGIZE RELAY Kt. PICKING UP RELAY Kl INITIATES A BURNER CUTOFF , SWITCHES REPRESS MODE TO THE AMBIENT SYSTEM AND SIGNALS THE 

1.U. THAT A BURNER MALFUNCTION HAS OCCURRED. A COMPONENT TEST LOCK OUT COMMAND FROM THE ENGINE TEST PANEL WILL ALSO RE SULT IN 

A BURNER CUTOFF. EACH BRIDGE MODULE CONTAINS A HIGH AND LOW TEMPERATURE SIMULATE CIRCUIT. DURING TEST HIGH AND LOW TE M PERATURES 

ARE SIMULATED BY SWITCHING IN AN APPROPRIATE RESISTOR IN PLACE OF THE TEMPERATURE SENSOR. THESE TEST RESISTORS CORRESPOND TO 

HIGH AND LOW TEMP. OF APPROXIMATELY 52° AND 50° R RESPECTIVELY. 

9.2 CRITICAL MEASUREMENTS 
THERE ARE NO REDLINE MEASUREMENT ON THE BURNER ITSELF. HOWEVER, TWO BURNER FUNCTIONS ARE INCLUDED IN THE PREPS COMPL ETE 

AND READY TO LAUNCH CHAINS. THESE ARE LISTED BELOW. 

FUNCTION 

BURNER SYSTEM RELAYS RESET 

REPRESS SYSTEM RELAYS RESET 

THE RELAYS MONITORED ARE AS FOLLOWS: 

RELAY NO. 

Kt 6 

K79 
K80 
K81 
K82 
K7 
KtO 
K35 
K36 

MDt 

1978 

1977 

FUNCTION 

SPARK EXCITERS ON COMMAND 

BURNER LOX VALVE OPEN COMMAND 

BURNER LOX VALVE CLOSE COMMAND 

BURNE R LH VALVE OPEN COMMAND 

BURNER LH VALVE CLOSE COMMAND 

LOX TK REPRESS CONTROL VLV OPEN OFF 

LH2 REPRESS CONTROL VLV OPEN OFF 

AMS REPRESS SYS MODE SELECT ON 

BURNER AUTO CUTOFF ENABLE 

THESE RELAYS MUST BE IN THE RESET STATE TO ENABLE COMPLETION OF THE S- IVB PREPS COMPLETE AND READY TO LAUNCH CHAINS. 

A MALFUNCTION MATRIX AND FLOW DIAGRAM FOR FAULT ISOLATION OF THE BURNER RELAYS IS INCLUDED IN THIS SECTION OF THE F . I .G . THE LOSS 

OF BURNER RELAY RESET IS THE MALFUNCTION ANALYZED. THIS MALFUNCTION WAS SELECTED AS THE MOST CRITICAL BECAUSE THE PROPELLANT 

VALVE COMMAND CIRCUITS ARE INVOLVED WHICH COULD INADVERTENTLY DUMP PROPELLANT UPON REMOVAL OF THE HARDWIRE CLOSE COMMANDS 

AT COMMIT SHOULD A RELAY BE IN THE WRONG STATE. 
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--- EXCITER NO. 2 PRE SSURE OK 

- EXCITER NO. 2 SPARK MONITOR 

- NO. 2 S PARK TEST COMMAND 

K89 
C 

ESE 

UMBI LI CA L 

STAGE 

4D 15 

Ol::J 

189-1 

~E XC ITER NO. 1 SPARK TE ST 

- E XC ITE R NO. 1 P RESSURE OK 
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~ 

-~ --
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2 

PROP. V L V . OPEN INDICATION 
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A 
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- --------------, • STAGE PRESSURE PANE L 

L H2 PROP. VA L VE 
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4DCOM 
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(REF SCHEMATIC 

C5 
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10.0 LOX SYSTEM 

10.1 LOX TANK PRESSURIZATION AND REPRESSURIZATION SUBSYSTEMS 

10.1.1 

1 o. 1.1. 1 

10.1.1.2 

THE LOX TANK PRESSURIZATION AND REPRESSURIZATION SUBSYSTEMS PROVIDE CONTROLLED HELIUM SUPPLIED TO SATISFY LOX TANK PRES

SURIZATION REQUIREMENTS DURING STAGE OPERATION. HELIUM FOR PRESSURIZATION DURING J-2 ENGINE 1 ST AND 2ND BURN, AND FOR 

REPRESSURIZATION WHEN UTILIZING THE OXYGEN/HYDROGEN BURNER, IS STORED IN THE COLD HELIUM BOTTLES LOCATED IN THE LH2 TANK. 

HELIUM EMPLOYED FOR REPRESSURIZATION WHEN THE AMBIENT HELIUM SUBSYSTEM IS UTILIZED, IS STORED IN THE AMBIENT HELIUM BOTTLES. · 

DURING BOOST THE PRESSURIZATION SUBSYSTEM IS DEENERGIZED. 

DURING ENGINE OPERATION, THE LOX PRESSURIZATION SHUTOFF VALVES AND THE LOX TANK PRESSURE CONTROL MODULE SOLENOID VALVES ARE 

COMMANDED OPEN. TANK PRESSURE IS SENSED BY LOX TANK PRESSURE SWITCH WHICH CONTROLS THE CYCLING OF THE VALVES FOR .3 SECONDS. 

THE VALVES ARE THEN MAINTAINED IN THE OPEN POSITION FOR THE DURATION OF BURN. FROM T4 - .6 TO T4 + 24 SECONDS, PRESSURIZATION IS 

MAINTAINED THROUGH THE NORMALLY OPEN HEAT-EXCHANGER BYPASS VALVE. AT T4 + 24 SECONDS, WHEN THE HEAT-EXCHANGER BYPASS VALVE 

CONTROL IS ENABLED, THE LOX TANK PRESSURE SWITCH ASSUMES CONTROL IN CYCLING THE HEAT EXCHANGER BYPASS VALVE. 

LOX TANK PREPRESSURIZATION, PRESSURIZATION AND REPRESSURIZATION OPERATIONS 

THE SUBSYSTEM FUNCTIONS TO MONITOR TANK PRESSURE AND CONTROL HELIUM PRESSURIZATION FLOW FIRST TO SATISFY ENGINE REQUIREMENTS 

AND SECONDLY TO ASSURE THAT THE TANK IS NOT OVERPRESSURIZED. SPECIFIC AREAS OF OPERATION ARE AS DESCRIBED IN THE FOLLOWING 

PARAGRAPHS. 

COLD HELIUM SPHERE FILL PRESSURIZATION 

THE COLD HELIUM BOTTLES LOCATED IN THE LH2 TANK ARE INITIALLY FILLED TO 950 PSIA WITH AMBIENT HELIUM GAS. PRIOR TO FILLING TO 3100 

PSIA, THE BOTTLES MUST BE SUBMERGED IN LH2. WHEN 75 PERCENT LH2 LOAD LEVEL HAS BEEN REACHED, GROUND HELIUM FILL SUPPLY IS 

SWITCHED TO 3100 PSIA AND ALL BOTTLES ARE THEN FILLED. 

IN FILLING, GASEOUS HELIUM IS FED FROM THE GSE CONSOLE, THROUGH A DISCONNECT AND STAGE CHECK VALVES INTO THE COLD HELIUM SPHERE. 

COLD HELIUM IS PASSED THROUGH THE FILL CHECK VALVES AND THE GAS IS ALLOWED TO FLOW ONLY TO THE SPHERES. FLOW IS CONTINUED UNTIL 

THE SPHERE PRESSURE REACHES 3100 ± 100 PSIA. OVERPRESSURE IS PREVENTED BY THE RELIEF VALVE IN THE HELIUM DUMP MODULE. PRIOR TO 

LIFTOFF, THE INSTRUMENTATION IS MONITORED FOR PROPER HELIUM BOTTLE PRESSURE AND TEMPERATURE TO DETERMINE THE ACTUAL HELIUM 

LOADED. 

LOX TANK AMBIENT HELIUM RE PRESSURIZATION BOTTLE FILL 

TWO AMBIENT HELIUM BOTTLES ARE INITIALLY PROVIDED FOR RE PRESSURIZING THE LOX TANK FOR SECOND BURN. THE BOTTLES ARE FILLED 

THROUGH THE LOX/LH2 REPRESSURIZATION AND PNEUMATIC CONTROL FILL LINE. IN FILLING, AMBIENT GASEOUS HELIUM FLOWS THROUGH CHECK 

VALVES LOCATED IN THE FILL LINE AND THE RE PRESSURIZATION CONTROL MODULE THEN INTO THE TWO HELIUM SPHERES. FILLING CONTINUES 

UNTIL THE SPHERES REACH 3100±100 PSIA. BOTTLE PRESSURE IS MONITORED PRIOR TO LIFTOFF FOR PROPER HELIUM .PRESSURE. 

REV.A 
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10.1.1.3 

10.1.1.4 

10.1.1.5 

10.1.1.6 

LOX TANK PREPRESSURIZATION 
APPROXIMATELY THREE MINUTES PRIOR TO LIFTOFF, THE LOX TANK ULLAGE IS PREPRESSURIZED FROM A GSE CONSOLE, WHICH SUPPLIES COLD 

HELIUM TO THE PRESSURIZATION CONTROL MODULE. THE FOUR SHUTOFF VALVES ARE EN~GIZED OPEN, COLD HELIUM IS SUPPLIED 

THROUGH THE CONTROL MODULE (BY-PASSING THE LOCKED-UP REGULATOR) INTO THE PLENUM, THROUGH AN ORIFICE AND INTO THE LOX TANK 

ULLAGE. DURING PREPRESSURIZATION OPERATIONS, THE LOX TANK FLIGHT CONTROL PRESSURE SWITCH CONTROLS THE (NORMALLY CLOSED) 

SHUTOFF VALVES. THE CONTROL PRESSURE SWITCH DE-ACTUATES AT 38 PSIA MINIMUM AND ACTUATES AT 41 PSIA MAXIMUM WITH 

A 0.5 PSI MINIMUM DEADBAND. WHEN THE ULLAGE PRESSURE INCREASES TO A LEVEL SUFFICIENT TO ACTUATE THE CONTROL PRESSURE SWITCH, 

AN ELECTRICAL SIGNAL IS SENT TO CLOSE THE REDUNDANT SHUTOFF VALVES, THEREBY COMPLETING THE PREPRESSURIZATION OPERATION. 

LOX TANK PRESSURIZATION DURING ENGINE OPERATION 

DURING ENGINE OPERATION, THE LOX PRESSURIZATION SHUTOFF VALVES AND THE LOX TANK PRESSURE CONTROL MODULE SOLENOID VALVES ARE 

COMMANDED OPEN. TANK PRESSURE IS SENSED BY LOX TANK PRESSURE SWITCH WHICH CONTROLS THE CYCLING OF THE VALVES FOR .3 SECONDS. 

THE VALVES ARE THEN MAINTAINED IN THE OPEN POSITION FOR THE DURATION OF BURN. FROM T4 - .6 TO T4 + 24 SECONDS, PRESSURIZATION IS 

MAINTAINED THROUGH THE NORMALLY OPEN HEAT-EXCHANGER BYPASS VALVE. AT T4+ 24 SECONDS, WHEN THE HEAT-EXCHANGER BYPASS VALVE 

CONTROL IS ENABLED THE LOX TANK PRESSURE SWITCH ASSUMES CONTROL IN CYCLING THE HEAT EXCHANGER BYPASS VALVE. 

HELIUM FROM THE COLD HELIUM SPHERES LOCATED IN THE LH2 TANK FLOWS THROUGH THE PRESSURIZATION CONTROL MODULE FILTER. THE 

PRESSURE-CONTROLLED REGULATOR VALVE, SENSING THE DOWNSTREAM PRESSURE, ALLOWS PASSAGE OF THE GAS TO THE PLENUM. GAS 

PRESSURE FROM THE PLENUM IS SENSED BY THE REGULATOR BACKUP PRESSURE SWITCH. IF THE PRESSURE IS TOO HIGH, THE BACKUP SWITCH 

CLOSES THE REDUNDANT SHUTOFF VALVES AND GAS SUPPLY IN THE PLENUM TEMPORARILY SUPPLIES THE SYSTEM. WHEN THE PRESSURE AT 

THE BACKUP SWITCH DROPS, THE SWITCH COMMANDS THE SHUTOFF VALVES TO OPEN, CONTINUING THE NORMAL OPERATION. IMMEDIATELY 

DOWNSTREAM FROM THE BACKUP SWITCH, THE GAS FLOW IS DIVERTED INTO TWO FLOW PATHS. ONE PATH LEADS THROUGH AN ORIFICE AND 

THEN TO THE LOX TANK ULLAGE AREA. THE OTHER PATH FEEDS THROUGH THE J-2 ENGINE HEAT EXCHANGER. HEATED GAS FROM THE EXCHANGER 

IS MIXED WITH THE COLD HELIUM AND IS THEN FED TO THE LOX TANK. IF THE ULLAGE PRESSURE FALLS BELOW 38 PSIA, THE FLIGHT CONTROL 

SWITCH COMMANDS THE HEAT EXCHANGER BYPASS VALVE TO OPEN TO SEND A LARGE VOLUME OF HEATED HELIUM TO THE LOX TANK. WHEN THE 

PRESSURE RISES TO 41 PSIA, A COMMAND FROM THE FLIGHT CONTROL PRESSURE SWITCH CLOSES THE BYPASS VALVE ALLOWING NORMAL 

ORIFICE FLOW. 

LOX TANK REPRESSURIZATION (AMBIENT) (USED ONLY IN CASE OF BURNER FAILURE) 
LOX TANK PRESSURIZATION, DURING COAST AFTER FIRST BURN, IS DEACTIVATED AND TANK PRESSURE IS ALLOWED TO VENT AND/OR DECAY 

(NORMAL GRADUAL RISE OR DECAY) . PRIOR TO SECOND BURN THE LOX RE PRESSURIZATION SUBSYSTEM IS ACTIVATED TO BRING THE LOX TANK 

UP TO THE REQUIRED PRESSURE LEVEL PRIOR TO ENGINE START . REPRESSUR IZA TION IS CONTROLLED BY THE FLIGHT CONTROL PRESSURE 

SWITCH. AT THIS TIME, HELIUM IS SUPPLIED BY THE TWO AMBIENT HELIUM SUPPLY BOTTLES TO MEET INLET PRESSURE REQUIREMENTS FOR 

A SECOND ENGINE START. SUPPLY GAS IS CONTROLLED BY MEANS OF TWO SOLENOID VALVES ON THE LOX REPRESSURIZATION CONTROL MODULE. 

SOLENOID ON-OFF COMMANDS ARE INITIATED BY THE FLIGHT CONTROL PRESSURE SWITCH. DURING SECOND BURN, THE PRESSURIZATION SYSTEM, 

USING A COMBINATION OF COLD AND HEATED HELIUM GAS, AGAIN PRESSURIZES THE LOX TANK. 

LOX TANK REPRESSURIZATION (CRYOGENIC) 
EVENTS PRIOR TO REPRESSURIZATION ARE IDENTICAL REGARDLESS OF THE METHOD OF RE PRESSURIZATION EMPLOYED, I.E.; AMBIENT HELIUM OR 

OXYGEN/HYDROGEN BURNER. WHEN THE OXYGEN/HYDROGEN BURNER SUBSYSTEM IS EMPLOYED, THE LOX TANK PRESSURE SENSING SWITCH, EN

ABLED BY COMMAND FROM THE JU, CONTROLS OPERATION OF THE LOX COLD HELIUM REPRESSURIZATION DUAL SOLENOID VALVES (LOX REPRESS 

VALVES) IN THE LOX TANK REPRESSURIZATION PLENUM AND VALVE ASSEMBLY TO REGULATE PASSAGE OF HELIUM FROM THE COLD HELIUM 

BOTTLES TO THE HEATER COIL AND THEN TO THE LOX TANK. 
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10.1.1.6 

1 o. 1.2 

10.1.2.1 

10.1.2.2 

10.1.2.3 

10.1.2.4 

10.1.2.5 

LOX TANK REPRESSURIZATION (CRYOGE NIC) 1CONT) 

THE TWO VALVES WHICH CONTROL INLET OF OXYDIZER AND FUEL (LOX AND LH2) TO THE BURNER PROPELLANT INJECTORS ARE INDIRECTLY ACTIVATED 

BY COMMAND FROM THE IU. DIRECT CONTROL OF THESE TWO VALVES IS BY MEANS OF SEPARATE ACTUATION CONTROL MODULES. 

LOX TANK PRESSURIZATION COMPONENTS 

LOX PRESSURIZATION AND RE PRESSURIZATION COMPONENTS CONSIST OF A PRESSURIZATION CONTROL MODULE . TWO PRESSURIZATION SHUTOFF 

VALVES, TWO AMBIENT HELIUM SPHERES AND A RE PRESSURIZATION CONTROL MODULE. A PLENUM CHAMBER. A COMBINATION GROUND FILL VALVE 

CONTROL PREPRESSURIZATION PRESSURIZATION REPRESSURIZATION AND FLIGHT CONTROL PRESSURE SWITCH, AND THE OXYGEN HYDROGEN 

BURNER ASSEMBLY TOGETHER WITH ITS CONTROLS AND SUB- COMPONENTS. DISCUSSION IS CONFINED TO THESE COMPONENTS. ADDITIONAL COMP

ONENTS, ASSOCIATED WITH OTHER SUBSYSTEMS, AFFECTING THE LOX SUPPLY PRESSURIZATION FUNCTION AS DESCRIBED WITH THEIR RESPECTIVE 

SYSTEMS. 
LOX PRESSURIZATION CONTROL MODULE 

THE PRESSURIZATION CONTROL MODULE CONTAINS TWO FILTERS, A PRESSURE REGULATOR , TWO SOLENOID SHUTOFF VALVES (REDUNDANT) , A HEAT EX
CHANGER BYPASS VALVES AND THE NECESSARY BOSSES FOR COMPONENT AND FLANGE LEAK CHECK. THE CONTROL MODULE IS CAPABLE OF OPERATING 

AT ANY TEMPERATURE BETWEEN -423° F AND+160° F. WITH INLET PRESSURES RANGING BETWEEN 500 PSIA AND 31 00 PSIA, THE PRESSURE REGULATOR IS 
CAPABLE OF DECREASING HELIUM GAS FLOW TO 385 ±25 PSIA AT THE OUTLET PORT. THE SOLENOID VALVES ARE CAPABLE OF OPENING OR CLOSING IN 

LESS THAN 75 MSEC AFTER THE SOLENOID IS ENERGIZED OR DE-ENERGIZED. CURRENT DRAW OF THE SOLENOIDS DOES NOT EXCEED 1.5 AMP AT 28 voe AT 
70° F. THE PRESSURE SWITCH, UNDER OPERATIONAL ENVIRONMENT CONDITIONS , IS ACTUATED AT 467.5 ± 17.5 PSIA , AND DEACTUATED AT 352.5 ± 17.5 PSIA. 

THE FILTERS ARE CAPABLE OF REMOVING 98 PERCENT OF ALL PARTICLES IN EXCESS OF 10 MICRONS IN DIAMETER AND OPERATES WITH A PRESSURE DROP 
OF LESS THAN 50 PSI AT RATED FLOW WITH TEMPERATURE AT - 410°F AND INLET PRESSURE AT 500 PSIA. 

LOX TANK REPRESSURIZATION CONTROL MODULE 

THE LOX TANK REPRESSURIZATION CONTROL MODULE (USED ONLY IN THE AMBIENT HELIUM METHOD) CONSISTS OF A CHECK VALVE, SOLENOID DUMP VALVE, 

TWO SOLENOID CONTROL VALVES, FILTER AND ASSOCIATED ASSEMBLY LINES AND FITTINGS. THE MODULE ENABLES CONTROLLED USE 

OF AMBIENT HELIUM FOR REPRESSURIZATION. ON- OFF CONTROL IS INITIATED BY THE LOX TANK FLIGHT CONTROL PRESSURE SWITCH CONTROLLING 
PRESSURE WITHIN THE LIMITS OF 41 PSIA AND 38 PSIA. 

REPRESSURIZATION AMBIENT HELIUM STORAGE SPHERES (LOX TANK) 
THE TWO AMBIENT HELIUM LOX TANK REPRESSURIZATION STORAGE SPHERES ARE WELDED TITANIUM ALLOY CONTAINERS WITH AN INTERNAL VOLUME OF 

4.5 CUBIC FEET EACH. THE SPHE RES ARE CAPABLE OF STORING HELIUM AT 3100 PSIA (NOMINAL) PRESSURE AT AMBIENT CONDITIONS. 

PLENUM CHAMBER (LOX PRESSURIZATION SUBSYSTEM) 

THE PLENUM CHAMBER IS A WELDED SPHERE WITH TWO FLANGED OPENINGS HAVING A MINIMUM VOLUME OF 250 CUBIC INCHES WITH A WORKING TEMPER-

ATURE RANGE OF - 423° F TO+160° F AT A MAXIMUM SYSTEM PRESSURE OF 2000 PSIG. THE PLENUM CHAMBER IS LOCATED IN THE HELIUM PRESSURE SUPPLY 

LINE TO 'THE LOX TANK BETWEEN THE PRESSURE- SENSING SWITCH AND THE PRESSURE REGULATOR. 

LOX TANK GROUND FILL VALVE CONTROL PRE PRESSURIZATION REPRESSURIZATION AND FLIGHT CONTROL PRESSURE SWITCH 

DURING PREPRESSURIZATION AND RE PRESSURIZATION OPERATIONS, THIS MULTIPLE DUTY CONTROL PRESSURE SWITCH IS USED TO SENSE LOX TANK 

ULLAGE PRESSURE. WHEN TANK FLIGHT PRESSURE IS ATTAINED , THE SWITCH IS ACTUATED AND SENDS A SIGNAL TO CLOSE THE NORMALLY CLOSED 

ONBOARD SHUTOFF SOLENOID VALVES IN THE PRESSURIZATION CONTROL MODULE. AT ENGINE START, FOR BOTH 1 ST AND 2ND BURN, THE SHUTOFF VALVES 
ARE OPENED AND FLIGHT PRESSURE SWITCH CONTROL IS TRANSFERRED TO THE HEAT EXCHANGER, CONTROL VALVE IN THE PRESSURIZATION CONTROL MODULE. 

THE PRESSURE- SENSING SWITCH SIGNAL THEN DIRECTS AND CONTROLS THE FLOW OF HEATED HELIUM TO THE LOX TANK. THE SWITCH ACTUATES AT 41 PSIA 

MAXIMUM AND DROPS OUT AT 38 PSIA MINIMUM WITH A 0.5 PSI MINIMUM DEADBAND. 
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10.1.3 

10.1.3.1 

10.1.3.2 

CHILLDOWN RECIRCULATION SUBSYSTEM 

CHILLDOWN CONDITIONING OF THE ENGINE PUMPS, INLET DUCTING AND THE ENGINE HARDWARE FOR ENGINE START IS ACCOMPLISHED BY SEPARATE 

LOX AND LH2 CHILLDOWN SUBSYSTEMS. THE PRIMARY PURPOSE OF THE RECIRCULATION SUBSYSTEM IS TEMPERATURE STABILIZATION OF PROPPEL

LANDS AT THE INTERFACE INLET IN ORDER TO MEET MINIMUM NPSH REQUIREMENTS OF THE ENGINE PUMPS. PROPELLANTS FROM EACH TANK ARE 

RECIRCULATED THROUGH THE FEED SYSTEMS AND RETURN BLEED LINES BY CHILLDOWN PUMPS. CHECK VALVES, PREVALVES, SHUTOFF VALVES 

AND DUCTING CONTROL AND ROUTE THE FLUIDS TO PERFORM THE CHILLDOWN. PNEUMATIC PRESSURE FOR OPERATING THE SHUTOF F AND PREVALVES 

IS SUPPLIED BY THE STAGE PNEUMATIC HELIUM CONTROL SUBSYSTEM. 

DURING FILLING OPERATIONS, THE PREVALVES ARE ALLOWED TO STAY IN THE OPEN POSITION TO PROVIDE A THERMAL-TYPE CHILLDOWN OF THE 

FEED SUBSYSTEM HARDWARE (LOW PRESSURE FEED DUCT AND ENGINE PUMP) ALLOWING TEMPERATURE STABILIZATION OF THIS HARDWARE PRIOR 

TO ACTIVATION OF THE RECIRCULATION CHILLDOWN SUBSYSTEM. AT APPROXIMATELY FIVE MINUTES BEFORE LIFTOFF , THE PREVA L VES ARE CLOSED 

AND RECIRCULATING CHILLDOWN FLOW IS INITIATED AND CONTINUES FOR APPROXIMATELY 14 MINUTES UNTIL J-2 ENGINE PRESTART. RECIRCU

LATION IS INITIATED APPROXIMATELY 2 MINUTES BEFORE PREPRESSURIZATION OF THE PROPELLANT ULLAGE VOLUMES. SINCE LOX IS ALREADY A 

SUB- COOLED LIQUID (NO TWO PHASE FLOW IN THE RETURN LINE) , PREPRESSURIZATION HAS NEGLIGIBLE EFFECT ON THE FLOWRATE. THE LH 2, HOW 

EVER, BECOMES A SUBCOOLED LIQUID AT PREPRESSURIZATION (ELIMINATING TWO PHASE FLOW IN THE RETURN LINE) RESULTING IN AN INCREASED 

LH2 CHILLDOWN FLOW. 

LOX CHILLDOWN SUBSYSTEM 

CHILLDOWN OF THE LOX SUBSYSTEM IS ACCOMPLISHED BY A CLOSED LOOP FORWARD FLOW RECIRCULATION SUBSYSTEM. LOX IS CIRCULATED FROM 

THE LOX TANK THROUGH THE LOW PRESSURE FEED DUCT TO THE J- 2 ENGINE LOX PUMP AND BLEED VALVE, THEN BACK TO THE LOX TANK THROUGH 

THE RETURN LINES. THE FORWARD FLOW CH ILLDOWN SUBSYSTEM PROVIDES A PROPE;:RLY CONDITIONED J - 2 LOX TURBOPUMP ASSEMBLY TO ENSURE 

PROPELLANT TEMPERATURE STABILIZATION AT THE LOX PUMP INLET. 

LOX CHILLDOWN SUBSYSTEM OPERATION 

THE PUMP MOTOR CAVITY IS PURGED WITH HELIUM GAS AT ALL TIMES FROM STAGE PNEUMATIC SYSTEM. FOR FLIGHT, THE LOX CHILLDOWN PROCE.

DURE IS ESSENTIALLY AS FOLLOWS: SHORTLY BEFORE LIFTOFF, THE CHILLDOWN RECIRCULATION SHUTOFF VALVE IS OPENED, THE LOX PRE-VALVE 

IS CLOSED AND RECIRCULATION IS INITIATED. 

RECIRCULATION IS MAINTAINED THROUGHOUT BOOST UNTIL ENGINE PRESTART. AT PRESTART , WITH THE CHILLDOWN PUMP STILL ACTIVE. THE PRE-

VALVES ARE OPENED TO ALLOW REVERSE FLOW THROUGH THE LOW PRESSURE DUCT. TRAPPED GAS BUBBLES ARE THEREBY REMOVEQ THROUGH 

THE DUCT AND THE TANK ANTIVORTEX SCREENS. 

ON/OFF COMMANDS FOR THE PRE- VALVE , S HUTOFF VALVE , AND RECIRCULATION PUMP ARE INITIATED IN THE IU. IN THE EVENT AN EMERGENCY 

SHUTDOWN IS REQUIRED, T HE CHILLDOWN SU B S Y STEM SHUTOFF VALVE CLOSES. 

DURING THE SECOND BURN START, THE INLET LINER AND ENGINE PUMP WILL BE IN A WARM CONDITION . AS CHILLDOWN BEGINS , THE LIQUID WILL 

INITIALLY GASIFY QUICKLY AND CREATE A POSSIBILITY FOR REVERSE FLOW THROUGH THE CHILL DUCTING. THE FLAPPER CHECK VALVE PREVENTS 

THE FLOW REVERSAL FROM BACK SPINNING THE PUMP AND DAMAGING THE CHILLDOWN MOTOR. 

• 
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10.1 .4 

10.1.4. 1 

1 o. 1.4.2 

10.1.4.3 

1 o. 1.4.4 

10.1.4.5 

1 o. 1.4.6 

L OX Cl-ilLLDOWN SUBSYSTEM COMPONENTS 

LOX CHILLDOWN SUBSYSTEM COMPONENTS CONSIST OF A PUMP AND ELECTRIC DRIVE MOTOR, RECIRCULATION SHUTOFF VAL VE, FLOWMETER, FILTER , 

PRE- VALVE, FLAPPER CHECK VALVE, AND SUPPLY DUCT. A RETURN DUCT AND SWING CHECK VALVE ARE ALSO PROVIDED TO ROUTE THE FLUID OR 

GAS BACK T O THE LOX TANK. 

LOX MOTOR- DRIVEN CENTRIFUGAL CHILLDOWN PUMP 

THE MOTOR- DRIVEN CENTRIFUGAL CHILLDOWN PUMP FOR THE RECIRCULATION OF LOX IN THE CHILLDOWN SYSTEM IS MOUNTED IN THE LOX TANK. 

THE PUMP IS CAPABLE OF A MINIMUM LOX FLOW RATE OF 31 GPM AT 25 PSIA(00.0703 FT3/SECOND). THE ELECTRICAL MOTOR OPERATES ON 55 +5 

VAC PEA~. LINE TO LINE, 3- PHASE, 400- CPS POWER, WHILE IMMERSED IN LOX. IT S POWER SOURCE IS A QUASI- SQUARE WAVE INVERTER. THE 

PUMP IS CONTROLLED T H ROUG H CIRCUITS IN T H E STAGE FLIGHT SEQUENCER AND POWER DISTRIBUTION SYSTEM. THE CHILLDOWN COMMAND IS 

RECEIVED FROM THE IU VIA THE SWITCH SELECTOR. 

LOX RECIRCULATION SHUTOFF VALVE 

THE RECIRCULATION SHUTOFF VALVE IS MOUNTED ON THE MOTOR- DRIVEN CENTRIFUGAL PUMP IN THE LOX CHILLDOWN SUBSYSTEM. ACTUA T ION 

WITH HELIUM CLOSES THE VALVE. THE VALVE IS PROVIDED WITH OPENED AND CLOSED POSITION INDICATOR SWITCHES. PRESSURE DROP ACROSS 

THE VALVE DOES NOT EXCEED 0.25 PSI AT 31 GPM LOX FLOW. 

LOX FLOW METER 

THE LOX FLOWMETER IS MOUNTED ON THE OUTLET FLANGE OF THE SOLENOID VALVE TO MONITOR LOX FLOW IN THE LOX CHILLDOWN SYSTEM. 

LOX FILTER 

A CONICAL LOX FILTER (100-MESH SCREEN) IS INSTALLED IN T HE FLANGED END- FITTING OF THE LOX RECIRCULATION DUCT ASSEMBLY IN THE 

LOX CHILLDOWN SUBSYSTEM. 

LOX PREVALVE 

THE LOX PREVALVE IS A 10-INCH DIAMETER SPRING-LOADED , NORMALLY OPEN BUTTERFLY VALVE. THE VALVE IS PNEUMATICALLY ACTUATED 

CLOSED BY A HELIUM SUPPLY PRESSURE OF 475 PSIG. THE VALVE HAS AN ALUMINUM BODY AND GATE AND IS CONNECTED TO THE LOW PRESSURE 

SUPPLY DUCT WITH TWO MARMAN CONOSEAL FLANGES. 

THE LOX PREVALVE BODY CONTAINS TWO POPPET-TYPE RELIEF VALVES. THE RELIEF VALVES RELIEVE PRESSURE ACROSS THE BUTTERFLY GATE 

TO PREVENT OVERPRESSURIZATION OF THE SYSTEM IN THE EVENT ALL SUPPLY SYSTEM VALVES ARE CLOSED AND THE LOW PRESSURE DUCT IS 

FILLED WITH LOX. THE RELIEF VALVES CRACK TO FULL OPEN AT A DIFFERENTIAL PRESSURE ACROSS THE PREVALVE OR 45 PSI. 

LOX RECIRCULATION SUPPLY DUCT ASSEMBLY 

THE LOX RECIRCULATION DUCT ASSEMBLY IS A 2- INCH DUCT WITH MARMAN FLANGED ENDS THAT MATE TO THE OUTLET FLANGE OF THE LOX FLOW

METER AND TO A FLANGED BOSS OF A PREVALVE LOCATED IN THE MAIN FEED DUCT. THE MARMAN FLANGE AT THE LOX FLOWMETER OUTLET IS 

MODIFIED TO ACCOMODATE A FLAPPER CHECK VALVE, AND THE CONICAL LOX FILTER. THE DUCT ASSEMBLY CONTAINS SUFFICIENT FLEXIBLE 

SECTIONS TO ALLOW F OR 0.40- INCH MOVEMENT OF EITHER END FLANGE IN ANY DIRECTION EXCEPT TORSIONAL. 
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1 o. 1.4.7 

10.1.4.8 

10.2 

10.2.1 

10.2.2 

10.2.2.1 

10.2.2.2 

LOX RECIRCULATION RETURN DUCT ASSEMBLY 

THE LOX CHILLDOWN SYSTEM RETURN DUCT ASSEMBLY IS A 2- INCH DUCT WITH MARMAN FLANGED ENDS THAT MATE WITH AN OUTLET BOSS AT T HE 

J - 2 ENGINE INTERFACE AT THE UPSTREAM END , AND WITH THE INLET FLANGE OF A CHECK VALVE AT THE LOX TANK. THE DUCT ASSEMBLY CONTAINS 

FLEXIBLE SECTIONS TO ALLOW MOVEMENT OF EITHER END FLANGE IN ANY DIRECTION EXCEPT TORSIONAL. 

LOX SWING CHECK VALVE 

THE SWING CHECK VALVE IS LOCATED IN THE LOX CHILLDOWN SUBSYSTEM RETURN LINE AND HAS MARMAN FLANGES AT EACH END . THE UPSTREAM 

END MATES WITH THE DUCT ASSEMBLY FLANGE AND THE DOWNSTREAM END MATES WITH THE FLANGED INLET PORT IN THE LOX TANK. THE CHECK 

VALVE FLOWS LOX AT 31 GPM WITH A PRESSURE DIFFERENTIAL OF 0.2 PSI. THE VALVE CRACKS AND RESEATS WITH LOX AT OPERATING TEMPERATURES 

AND AT A PRESSURE DIFFERENTIAL BETWEEN ZERO AND 0.2 PSI. 

CRITICAL MEASUREMENTS 

GENERAL 

ON VEHICLE 509 THERE ARE THREE REDLINE MEASUREMENTS IN THE LOX SYSTEM. THEY ARE THE LOX ULLAGE PRESSURE , LOX FLOW RATE AND 

OXIDIZER PUMP INLET TEMPERATURE. THERE ARE OTHER MEASUREMENTS USED IN THE FLOW CHARTS BUT THEY WILL NOT BE DISCUSSED IN THIS 

SECTION. 

REDLINE MEASUREMENTS 

LOX FLOW RA TE 

THE LOX FLOW RATE, F004- 424, GIVES AN INDICATION OF THE FLOW IN GALLONS PER MINUTE THROUGH THE CHILLDOWN LINE. OUT OF TOLERANCE 

CONDITIONS INDICATE LINE RESTRICTIONS, HEAT LEAKS OR FAILURE OF THE PUMP OR CH ILLDOWN INVERTER. 

LOX ULLAGE PRESSURE 

THE LOX ULLAGE PRESSURE, 0577 , IS A HARDWIRE MEASUREMENT WHICH INDICATES THE PRESSURE IN THE ULLAGE SPACE OF THE LOX TANK. 

IT IS APPLICABLE FROM LAUNCH VEHICLE POWER UP UNTIL T - 11 SECONDS. AT LIFTOFF THE PRESSURE MUST BE SUFFICIENT TO MEET NPSH 

REQUIREMENTS OF THE J2- ENGINE AT ENGINE START. 
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11 .o 
11.1 

11.1 . 1 

11.1.2 

LH2 SYSTEM 

GENERAL DESCRIPTION 

THE FUEL SYSTEM IS DESIGNED TO SUPPLY LHz TO THE J-2 ENGINE UNDER PRESCRIBED CONDITIONS TO MEET ENGINE PUMP INLET REQUIREMENTS. 

BASICALLY, THE FUEL SYSTEM CONSISTS OF AN LHz TANK, RECIRCULATION CHILLDOWN SYSTEM, NONPROPULSIVE VENT SYSTEM, PROPULSIVE VENT 

SYSTEM, FILL AND DRAIN SYSTEM, AND ASSOCIATED HARDWARE TO MEET PROPULSION SYSTEM REQUIREMENTS. THE PNEUMATIC CONTROL SYSTE M 

WHICH IS NOT ACTUALLY PART OF THE FUEL SYSTEM BUT IS ESSENTIAL FOR PROPER OPERATION OF THE ABOVE SUBSYSTEM IS INCLUDED IN SECTION 

8.1.3 OF THE F.1.G. DOCUMENT. THE PRESSURIZATION SYSTEM IS DESCRIBED ALONG WITH THE ASSOCIATED PNEUMATIC CONTROL SYSTEM IN SECTION 

8.1.5. FAULT ISOLATION IN THE GHZ START BOTTLE SYSTEM IS ALSO INCLUDED IN THIS SECTION. OPERATIONAL DESCRIPTIONS OF ALL THESE 

SYSTEMS MAY BE FOUND IN THE FOLLOWING PARAGRAPHS. 

FUEL SUPPLY TANK AND FEED LINE 

THE LH2 IS STORED IN AN INSULATED TANK AT APPROXIMATELY - 423° F. TOTAL VOLUME OF THE TANK IS APPROXIMATELY 10,400 CUBIC FEET WITH 

A USABLE CAPACITY OF APPROXIMATELY 44,000 POUNDS AND AN ULLAGE VOLUME OF APPROXIMATELY 400 CUBIC FEET, WITH A USABLE PROPELLANT 

RESIDUAL OF 575 POUNDS. THE LHz HAS A FREEZING POINT OF - 435° F AND A BOILING POINT OF - 422.9°F AT ONE ATMOSPHERE PRESSURE. 

LHz FROM THE TANK IS SUPPLIED TO THE J-2 ENGINE TURBOPUMP THROUGH A VACUUM- JACKETED LOW-PRESSURE DUCT CAPABLE OF FLOWING 80 

POUNDS- PER-SECOND AT -423°F, AND AT A TRANSFER PRESSURE OF 28 PSIA. THE DUCT IS LOCATED IN THE FUEL TANK SIDE WALL ABOVE THE AFT 

HYDROGEN COMMON BULKHEAD JOINT, AND IS EQUIPPED WITH BELLOWS TO COMPENSATE FOR MANUFACTURING TOLERANCE AND THERMAL MOTION. 

FUEL RECIRCULATION CHILLDOWN SYSTEM 

CHILLDOWN CONDITIONING OF THE FUEL ENGINE PUMPS, INLET DUCTING AND THE ENGINE HARDWARE FOR ENGINE START IS ACCOMPLISHED BY THE 

LHz CHILLDOWN SUBSYSTEMS. THE PRIMARY PURPOSE OF THE RECIRCULATION SUBSYSTEM IS TO TEMPERATURE STABILIZE THE PROPELLANT 

AT THE INTERFACE INLET IN ORDER TO MEET MINIMUM NPSH REQUIREMENTS OF THE ENGINE PUMP. PROPELLANT FROM THE LH TANK IS, REC IRCULATED 

THROUGH THE FEED SYSTEM AND RETURN BLEED LINE BY THE CHILLDOWN PUMP. CHECK VALVES, PREVALVE, SHUTOFF VALVE, AND DUCTING 

CONTROL AND ROUTE THE FLUID TO PERFORM THE CHILLDOWN. PNEUMATIC PRESSURE FOR OPERATING THE SHUTOFF AND PREVALVE IS SUPPLIED 

BY THE STAGE PNEUMATIC HELIUM CONTROL SUBSYSTEM. 

DURING FILLING OPERATIONS, THE PREVALVE IS ALLOWED TO STAY IN THE OPEN POSITION TO PROVIDE A DEADHEAD- TYPE CHILLDOWN OF THE FEED 

SUBSYSTEM HARDWARE (LOW PRESSURE FEED DUCT AND ENGINE PUMP) ALLOWING TEMPERATURE STABILIZATION OF THIS HARDWARE PRIOR TO 

ACTIVATION OF THE RECIRCULATION CHILLDOWN SUBSYSTEM. AT APPROXIMATELY FIVE MINUTES BEFORE LIFTOFF, THE PREVALVES ARE CLOSED 

AND RECIRCULATING CHILLDOWN FLOW IS INITIATED AND CONTINUES FOR APPROXIMATELY 7- 1/2 MINUTES UNTIL J- 2 ENGINE PRESTART. RECIRCU

LATION IS INITIATED APPROXIMATELY 2 MINUTES BEFORE PREPRESSURIZ ATION OF THE PROPELLANT ULLAGE VOLUMES. 

A REFERENCE SCHEMATIC OF THE LHz RECIRCULATION SYSTEM AND ASSOCIATED ESE IS INCLUDED IN THIS DOCUMENT AS FIGURE 11 - 1. 

THE MAJOR COMPONENTS AND MEASUREMENTS ARE SHOWN ON THIS SCHEMATIC. THE FEEDLINES AND COMPONENT ARRANGEMENT ON THIS SCHEMATIC 

IS FOR REFERENCE· ONLY AND DOES NOT DEPICT EXACT STAGE LOCATIONS. LOCATION AND OPERATIONAL DESCRIPTIONS OF THE RECIRCULATION 

COMPONENTS IS CONTAINED IN THE FOLLOWING PARAGRAPHS. 
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11.1.2.1 

11. 1.2.2 

11.1.2.3 

11. 1.2.4 

11.1.2.5 

..!,..H2 MOTOR-DRIVEN CENTRIFUGAL CHILLDOWN PUMP AND LH2 CHILLDOWN INVERTER1 

THE MOTOR AND PUMP ARE MOUNTED IN THE LH2 TANK ADJACENT TO THE ENGINE LOW PRESSURE FEED DUCT OUTLET PORT. THE PUMP IS 

CAPABLE OF A MINIMUM FLOWRATE OF 135 GPM AT 6.1 PSI DIFFERENTIAL PRESSURE. THE ELECTRIC MOTOR OPERATES ON 55± 5 VAC PEAK, 

LINE-TO-LINE, 3 PHASE, 40Cr-CPS POWER. THE POWER SOURCE IS A QUASI-SQUARE WAVE IDENTICAL TO THAT USED FOR THE LOX CHILL

DOWN PUMP MOTOR. IT IS CONTROLLED THROUGH CIRCUITS IN THE STAGE FLIGHT SEQUENCER AND POWER DISTRIBUTION SUBSYSTEM. THE 

CHILLDOWN COMMAND IS RECEIVED FROM THE IU VIA THE SWITCH SELECTOR. THE PUMP MOTOR WINDINGS ARE WYE (Y) CONNECTED WITH 

THEIR COMMON (CENTER OF Y) TIED TOGETHER. THE LINE TO LINE RESISTANCE OF THE WINDINGS IS 0.45 OHMS MAXIMUM. THE PUMP AND 

MOTOR ASSEMBLY IS SUBMERGED IN LH2 AND OPERATES AT APPROXIMATELY 11,500 RPM. THE 4041 BUS SUPPLIER DRIVE POWER TO THE 

CHILLDOWN INVERTER DIRECTLY AND THE INVERTER IS TURNED ON BY A MAGNETICALLY LATCHING RELAY WHICH APPLIES+4D41 POWER TO 

THE INVERTER CONTROL CIRCUIT. THE INVERTER DRIVE CIRCUIT, AND THE INPUT FILTER, WHICH CONTAINS A POLARIZED CAPACITOR, IS 

ALWAYS CONNECTED TO THE AFT +f::- 2 BUS WHEN THE INVERTER INPUT PLUG IS CONNECTED. ANY OMMETER CHECKS ON THE AFT# 2 BUS 

WITH THE INVERTER CONNECTED MUST OBSERVE CORRECT POLARITIES OR AN IMPROPER VOLTAGE POLARITY WILL BE APPLIED TO THE 

FILTER CAPACITOR. NO TRANSFORMER ISOLATION EXISTS IN THE OUTPUTS OF THE INVERTER. ANY TEST INSTRUMENT OPERATING FROM 

THE POWER LINE MUST BE ISOLATED WITH AN ISOLATION TRANSFORMER IF IT IS CONNECTED TO THE INVERTE R 3 PHASE OUTPUTS. IF 

THIS PRECAUTION IS NOT ADHERED TO SERIOUS DAMAGE WILL RESULT TO THE INVERTER. 

LH2 RECIRCULATION SHUTOFF VALVE 

THE RECIRCULATION SHUTOFF VALVE IS MOUNTED ON THE OUTLET FLANGE OF THE MOTOR-DRIVEN PUMP. THE VALVE FLOWS LH2 AT 

138 GPM WITH 48 PSIA OR LESS APPLIED AT THE INLET. PRESSURE DROP ACROSS THE VALVE DOES NOT EXCEED 0.25 PSI AT 135 GPM 

LH2 FLOW. THE VALVE IS A NORMALLY OPEN, PNEUMATICALLY OPERATED POPPET T Y PE VALVE THAT INCORPORATES TWO SETS OF 

MICROSWITCHES FOR POSITION INDICATION. THE FUNCTION OF THE VALVE IS TO SHUTOFF THE CHILLDOWN SYSTEM PROPELLANT FLOW 

AT THE LH2 TANK. CLOSING PRESSURE TO THE VALVE IS CONTROLLED BY A NORMALLY CLOSED SOLENOID VALVE LOCATED IN AN 

ACTUATION CONTROL MODULE. STAGE PNEUMATIC PRESSURE IS REQUIRED TO CLOSE THE SHUTOFF VALVE. 

LH2 FLOWMETER 

A FLOWMETER IS MOUNTED ON THE OUTLET FLANGE OF THE SOLENOID SHUTOFF VALVE TO MONITOR FLOW IN THE LH2 CHILLDOWN 

SUBSYSTEM. THIS FLOWMETER IS THE TRANSDUCER USED FOR REDLINE MEASUREMENT VXF0005-404. 

LH2 FLAPPER CHECK VALVE 

f!',. FLAPPER CHECK VALVE IS LOCATED ON THE OUTLET SIDE OF THE FLOWMETER. THE CHECK VAL\/ E PREVENTS f;.:EVERSE FLOW THROUGH 

THE CHILLDOWN LINE WHEN THE SUBSYSTEM IS NOT IN USE AND THE SHUTOFF VALVE IS IN THE OPEN POSITION. A FLOW RE VERSAL WOULD 

BACK SPIN THE PUMP AND DAMAGE THE CHILLDOWN PUMP MOTOR. 

LH2 RECIRCULATION SUPPLY DUCT ASSEMBLY 

THE LH2 RECIRCULATION SUPPLY DUCT ASSEMBLY IS A 2-INCH, VACUUM- JACKETED DUCT WITH MARMAN FLANGED ENDS THAT MATE TO 

THE DOWNSTREAM FLANGE OF THE FLOWMETER AND TO A FLANGED BOSS OF THE PREVALVE, LOCATED IN THE MAIN LH2 FEED DUCT. 

THE MARMAN FLANGE AT THE UPSTREAM END OF THE RECIRCULATION DUCT ASSEMBLY IS MODIFIED TO ACCOMODATE A CONICAL 

FILTER. THE DUCT ASSEMBLY CONTAINS FLEXIBLE SECTIONS TO ALLOW MOVEMENT OF EITHER END FLANGE IN ANY DIRECTION 

EXCEPT TORSIONAL. 
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11.1.2.9 

11. 1.3 

• 

LH2 RETURN DUCT ASSEMBLIES 

THE LH2 RETURN DUCT ASSEMBLIES ARE JOINED TOGETHER TO RETURN LH2 FROM THE J-2 ENGINE INTERFACE TO THE RETURN INLET PORT 

IN THE LH2 TANK. THE UPSTREAM (LOWER DUCT ASSEMBLY) CONNECTS TO A CHECK VALVE THAT IS ATTACHED TO THE RETURN INLET PORT 

FLANGE IN THE LH2 TANK. 

LH2 LOWER DUCT ASSEMBLY 

THE LH2 LOWER DUCT ASSEMBLY IS A 10--INCH DUCT WITH A VACUUM JACKETED INSULATION. THE UPSTREAM. END IS PROVIDED WITH A 

MARMAN FLANGE THAT MATES WITH THE LH2 UPPER DUCT ASSEMBLY. THE DOWNSTREAM END COUPLES TO THE J2 ENGINE INTERFACE. 

THE DUCT ASSEMBLY HAS FLEXIBLE SECTIONS TO ALLOW MOVEMENT OF EITHER END OF THE ASSEMBLY IN ANY DIRECTION EXCEPT TORSIONAL. 

LH2 UPPER DUCT ASSEMBLY 

THE LH2 UPPER DUCT ASSEMBLY IS A 10-INCH DUCT WITH VACUUM JACKETED INSULATION. THE UPSTREAM END IS PROVIDED WITH A MARMAN 

FLANGE TO ML\TE WITH THE LH2 PRE-VALVE.THE DOWNSTREAM END ISi PROVIDED WITH A MARMAN FLANGE THAT MATES WITH THE LOWER 

DUCT ASSEMBLY. THE DUCT ASSEMBLY HAS A FLEXIBLE SECTION TO ALLOW ANGULAR MOVEMENT OF THE DOWNSTREAM END. 

LH2 PREVALVE 

THE LH2 PREVALVE IS A 10--INCH DIAMETER, SPRING- LOADED, NORMALLY OPEN, BUTTERFLY VALVE. THE VALVE IS PNEUMATICALLY ACTUATED 

CLOSED BY A HELIUM SUPPLY PRESSURE OF 470 PSIG. THE VALVE HAS A N ALUMINUM BODY AND GATE AND IS CONNECTED TO THE LOW PRESSURE 

SUPPLY DUCT WITH TWO MARMA~ CONOSEAL FLANGES. THE PREVALVE BODY CONTAINS ONE POPPET- TYPE RELIEF VALVE. THE RELIEF VALVE 

RELIEVES PRESSURE ACROSS THE BUTTERFLY GATE TO PREVENT OVERPRESSURIZATION OF THE SUBSYSTEM IN THE EVENT ALL SUPPLY SYSTEM 

VALVES ARE CLOSED AND THE LOW PRESSURE DUCT IS FILLED WITH LH2. THE RELIEF VALVES CRACK TO FULL OPEN AT A DIFFERENTIAL 

PRESSURE ACROSS THE PRE VALVE OF 45 PSI. CLOSING PRESSURE TO THE PREVALVE IS CONTROLLED BY A NORMALLY CLOSED SOLENOID VALVE 

WHICH IS LOCATED IN THE SAME ACTUATION MODULE w 1-; 1c1-1 CONTAINS THE PILOT VALVE FOR THE SHUTOFF VALVE. 

LH2 SWING CHECK VALVE 

THE SWING CHECK VALVE FOR THE LH2 CHILLDOWN SUBSYSTEM HAS MARMAN FLANGES AT EACH END. THE UPSTREAM END MATES WITH THE 

UPPER DUCT ASSEMBLY FLANGE AND THE DOWNSTREAM END MATES WITH A FLANGED INLET PORT OF THE LH2 TANK. THE CHECK VALVE FLOWS 

LH2 AT 135 GPM WITH A PRESSURE DIFFERENTIAL OF 0,2 PSI. THE VALVE CRACKS AND RESEATS AT A PRESSURE DIFFERENTIAL BETWEEN ZERO 

AND 0.2 PSI. 

FUEL VENT SYSTEMS (NON- PROPULSIVE AND PROPULSIVE) 

A VENT- RELIEF SYSTEM ON THE STAGE IS PROVIDED TO PROTECT THE LH TANK AGAINST OVERPRESSURIZATION AND TO ENABLE COMMAND VENTING 

AT ANY TIME NORMAL STAGE OPERATIONS REQUIRE A CONTROLLED LOWERING OF TANK PRESSURE. THE TANK IS EQUIPPED WITH A SEPARATE 

RELIEF VALVE AND A (COMMAND CONTROL) VENT- RELIEF VALVE. THE RE LIEF VALVE SENSES TANK PRESSURE AND PERFORMS A SAFETY FUNCTION 

BY AUTOMATICALLY OPENING AT ANY TIME TANK PRESSURE IS GREATER THAN THE RELIEF SETTING OF THE VALVE. THE VENT- RELIEF SYSTEMS 

ALSO PROVIDES AN AXIAL FORCE FOR POSITIONING THE PROPELLANT AT THE AFT END OF EACH TANK DURING COAST. HYDROGEN BOIL OFF GAS IS 

CONTINUOUSLY VENTED AFT TO PROVIDE THE REQUIRED THRUST AND THUS THIS PORTION OF THE VENT SYSTEM IS CALLED THE CONTINUOUS OR 

PROPULSIVE VENT SYSTEM. 

RE V . A 

11-3 



11.1.3.1 

11. 1.3.2 

11. 1.3.3 

FIGURE 11-2 IS A REFERENCE SCHEMATIC OF THE FUEL TANK VENT SYSTEM SHOWING PERTINENT MEASUREMENTS AND THE ASSOCIATED ELECTRICAL 

SUPPORT EQUIPMENT. OPERATION OF THE SYSTEM IS EXPLAINED BY THE SCHEMATIC AND THE OPERATIONAL DESCRIPTION WHICH FOLLOW. 

LH2 TANK VENT RELIEF VALVE 

THE VENT AND RELIEF VALVE PROVIDES BOTH COMMAND VENTING AND AUTOMATIC RELIEF VENTING CAPABILITY. IN THE COMMAND VENT MODE 

THE VALVE IS PNEUMATICALLY OPENED USING AN ACTUATION PRESSURE OF 470 :-- 12 PSIG. WHEN THE PNEUMATIC PRESSURE IS RELEASED THE 

VALVE CLOSES. A BOOST CLOSE FEATURE IS PROVIDED TO ENSURE THAT THE VALVE WILL CLOSE IF IT IS FROZEN IN THE OPEN POSITION DURING 

VENTING. THE ACTUATION PRESSURE IS CONTROLLED BY NORMALLY CLOSED SOLENOID VALVES WHICH DIRECT THE OPENING AND BOOST CLOSING 

PNEUMATICS TO THE VALVE. THE RELIEF FUNCTION OF THE VALVE HAS A MAXIMUM CRACKING PRESSURE OF 34 PSIA AND A MINIMUM RESEAT 

PRESSURE OF 31 PSIA. THIS VALVE IS PART OF THE NON-PROPULSIVE VENT SYSTEM. 

LH2 LATCHING RELIEF VALVE 

THE NON-PROPULSIVE VENT SYSTEM ALSO EMPLOYS A LATCHING TYPE RELIEF VALVE. THE LH2 LATCHING RELIEF VALVE IS FUNCTIONALLY 

IDENTICAL TO THE LH2 TANK VENT AND RELIEF VALVE EXCEPT FOR THE INCORPORATION OF A PNEUMATICALLY OPERATED LATCH FOR THE OPEN 

POSITION. THIS FEATURE ENABLES ORBITAL TANK PASSIVATION AFTER LOSS OF STAGE POWER. THE VALVE IS SET AT A CRACK RESEAT RELIEF 

PRESSURE BAND OF 34 TO 31 PSIA. THE RELIEF MODE OF THIS VALVE PROVIDES REDUNDANCY TO THE VENT AND RELIEF VALVE. 

THE LATCHING MECHANISM EMPLOYS A PNEUMATICALLY OPERATED T ONGUE LATCH. THE TONGUE ENGAGES A GROOVE IN THE NOSE EXTENSION 

OF THE ACTUATOR PISTON AS THE PISTON IS OPENED AND THE LATCH MECHANISM PRESSURIZED. IT REMAINS IN THE LATCHED POSITION WHEN 

THE OPEN ACTUATOR SIGNAL AND THE LATCH OPEN SIGNALS ARE REMOVED IN THAT ORDER. THIS SEQUENCE RESULTS IN A CLOSING OF THE 

ACTUATOR PISTON APPROXIMATELY 1/4 IN. UNTIL IT RESTS ON THE TONGUE OF THE LATCHING MECHANISM LOCKING THE LATCH IN THE LATCHED 

POSITION. UPON APPLICATION OF THE OPEN COMMAND TO THE VALVE, THE PISTON MOVES OPEN V4 IN., .AND THE TONGUE LATCH IS DISENGAGED 

BY SPRING FORCE FROM THE GROOVE IN THE PISTON NOSE EXTENSION. WHEN THE OPEN ACTUATOR PRESSURE IS REMOVED WITHOUT THE LA T CH 

OPERATING PRESSURE ACTUATED, THE VALVE CLOSES NORMALLY. 

CONTROL OF THIS VALVE IS ACCOMPLISHED BY AN ACTUATION CONTROL MODULE WHICH APPLIES OPENING AND/OR LATCHI.NG PRESSURE TO THE 

LATCHING RELIEF VALVE THROUGH TWO NORMALLY CLOSED ELECTRICAL SOLENOID VALVES. 

LH2 TANK DIRECTIONAL CONTROL VALVE 

T HE HYDROGEN GAS VENTED BY THE TANK VENT RELIEF AND/OR THE L ATCH ING RELIEF VALVE IS ALSO CONTROLLED BY THE DIRECTIONAL CONTROL 

VALVE . A S THE NAME IMPLIES~,THIS VALVE IS USED TO DIRECT THE F LOW OF GA S THROUGH E ITHER OF TWO VENTING SYSTEMS. DURING L H FILL 

OPERA T IONS T HE VALVE IS ACTUATED TO THE GROUND VENT POSITION. WHICH DIRECTS THE VE NTED GH2 TO THE GSE VENTING MANIFOLD TH ROUGH 

A DISCONNECT ASSEMBLY. JUST PRIOR T O LIFTOFF, THE DIRECTIONAL CONTROL VA LVE IS ACTUAT ED TO THE FLIGHT POSITION, THEREBY VE NTING 

THROUGH THE NON PROPULSIVE SUBSYSTEM AFTER LIFTOFF. 

THIS VALVE IS ALSO PNEUMATICALLY ACTUATED BY AN ACTUATION CONTROL MODULE WITH HELIUM FROM THE STAGE PNEUMATIC PRESSURE SYSTEM. 

ELECTRICAL COMMAND SIGNALS FOR CONTROLLING THIS VALVE CAN COME .ONLY FROM THE ESE THROUGH THE VEHICLE UMBILICAL CONNECTOR. THIS 

VALVE IS THE THIRD OF THE THREE VALVES WHICH ARE USED IN THE NON-PROPULSIVE VENT SYSTEM. 

• 
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11.1.3.4 

11. 1 .4 

LH2 TANK CONTINUOUS VENT MODULE 
THE CONTINUOUS (PROPULSIVE) VENT SYSTEM IS CONTROLLED BY THE LH2 CONTINUOUS VENT MODULE. 

THE PURPOSE OF THE CONTINUOUS VENT MODULE IS TO CONTROL THE FLOW OF GASEOUS HYDROGEN FROM THE LH2 TANK THROUGH THE PROPULSIVE 

VENT SYSTEM. THE MODULE WILL AUTOMATICALLY MAINTAIN THE ULLAGE PRESSURE BETWEEN 19.5 AND 21.0 PSIA WHILE UTILIZING THE VE NTED GAS 

TO PROVIDE A RELATIVELY LOW THRUST TO SETTLE THE PROPELLANTS THROUGHOUT THE COAST PERIOD . 

THE VENT MODULE MAY BE REPRESENTED FOR DESCRIPTIVE PURPOSE AS MADE UP OF A SOLENOID OPERATED VALVE, REGULATOR, A FIXED ORIFICE 

AND A PNEUMATICALLY OPERATIVE VALVE. 

EACH VALVE CONTROLS A SEPERATE PARALLEL FLOW PATH TO THE PROPULSIVE VENTS. 

THE ELECTRICALLY OPERATED VALVE IS THE RELIEF OVERRIDE VALVE AND IS CAPABLE OF BEING LATCHED IN THE OPEN POSITION. THE FLOW 

THROUGH THIS VALVE IS ROUTED TO THE REGULATOR WHICH CONTROLS THE PRESSURE BETWEEN 19.5 AND 21.0 PSIA. 

THE PNEUMATICALLY OPERATED VALVE IS THE ORIFICE BYPASS VALVE WHICH CONSISTS OF A NORMALLY CLOSED POPPET WHICH IS PNEUMATICALLY 

ACTUATED AND LATCHED IN THE OPEN POSITION. WHEN THE POPPET IS OPENED, A FIXED ORIFICE PROVIDES A CONTINUOUS FLOW. 

BOTH THE ORIFICE BYPASS VALVE AND THE RELIEF OVERRIDE VALVE ARE NORMALLY ACTUATED OPEN IN UNISON SO THAT THE REGULATOR ASSEMBLY 

AND BYPASS ORIFICE CONTROL THE FLOW OF THE VENTED GASES. 

LH2 TANK PRESSURIZATION SYSTEM 

THE LH2 TANK PRESSURIZATION SYSTEMS PROVIDE THE NECESSARY TANK PRESSURE TO SATISFY ENGINE FUEL NET POSITIVE SUCTION PRE SSUR E 

(NPSP) REQUIREMENTS FOR ENGINE START AND BURN. 

THE NPSP MUST BE SUFFICIENT TO PREVENT CAVITATION AT THE INLET TO THE FUEL PUMP WHICH WOULD RESULT IN A TURBINE OVERSPEED 

CONDITION. THE LH2 TANK IS PRESSURIZED BY MEANS OF FOUR SOURCES OF PRESSURANT GAS. 

THESE ARE: 

1. GROUND HELIUM SUPPLIED BY THE GSE HEAT EXCHANGE CIRCUIT NUMBER 3. 

2. HELIUM FROM THE 02/H2 BURNER HEAT EXCHANGER WHICH IS SUPPLIED BY THE 9 COLD HELIUM BOTTLES STORED 

IN THE LH2 TANK. 
3. GH2 WHICH IS SUPPLIED BY THE J2 ENGINE SYSTEM DURING ENGINE BURN. 

4. AMBIENT HELIUM STORED IN THE 5 AMBIENT HELIUM BOTTLES. 

THE GROUND PRESSURIZATION SYSTEM PROVIDES THE INITIAL PRESSURANT GAS TO THE PROPELLANT TANKS AND ENSURES THAT ADEQUATE NPSP 

WILL BE AVAILABLE AT ENGINE START. THIS HELIUM IS SUPPLIED TO THE STAGE AT APPROXIMATELY 515 PSIA AND AT -360°F. WHEN SUFFICIENT 

TANK PRESSURE IS ATTAINED, THE HELIUM FLOW IS SHUT OFF BY THE CLOSING OF THE PRE-PRESS SUPPLY VALVE. 

THIS VALVE CLOSES WHEN THE GROUND FILL/PREPRESS PRESSURE SWITCH PICKS UP AT A TANK PRESSURE OF 31 PSIA. 
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11.1.4.2 

11 . 1.4.3 

THE CRYOGENIC RE PRESSURIZATION SYSTEM PRESSURIZES ThE TANK, JUST PRIOR TO RESTART, WITH HELIUM GAS WHICH IS STORED 

INITIALLY IN SUBMERGED SPHERES INSIDE THE LH2 TANK. THE 02/H2 BURNER EXPANDS THE COLD HELIUM AND THE HELIUM IS THEN 

DIRECTED THROUGH AN ORIFICE TO THE LH TANK. THE 02/H2 BURNER IS PART OF BOTH THE LOX AND THE LH2 REPRESSURIZATION 

SUBSYSTEMS. A SEPARATE SET OF RE PRESSURIZATION VALVES AND SEPARATE HELIUM HEATER COILS ARE EMPLOYED FOR THE 

REPRESSURIZATION OF EACH TANK. 

THE PRESSURIZATION SYSTEM, DURING ENGINE BURN UTILIZES HIGH PRESSURE GH2 TAPPED OFF THE ENGINE INJECTOR AND RECYCLED 

BACK TO THE LH2 TANK TO MAINTAIN REQUIRED NPSP AT THE FUEL TURBOPUMP INLET DURING BURN. 

THE AMBIENT RE PRESSURIZATION SYSTEM UTILIZES AMBIENT HELIUM GAS STORED IN SPHERES ON THE THRUST STRUCTURE TO 

PRESSURIZE THE LH2 TANK. 

THE AMBIENT SYSTEM IS USED AS A BACKUP TO THE CRYOGENIC SYSTEM FOR THE RESTART. 

THE MAJOR COMPONENTS MAKING UP THE LH TANK PRESSURIZATION SYSTEM ARE SHOWN IN SCHEMATIC FORM AT THE END OF THIS 

SECTION IN FIGURE 11 - 3. THE PERTINENT ESE AND MEASUREMENTS ARE SHOWN ON THIS SCHEMATIC AND THE OPERATION OF THE 

VEHICLE COMPONENTS TOGETHER WITH THEIR FUNCTION IN THE SYSTEM IS DESCRIBED IN THE FOLLOWING PARAGRAPHS. 

LH2 TANK REPRESSURIZATION PRESSURE SWITCH 

THE LH2 TANK RE PRESSURIZATION PRESSURE SWITCH IS A DUAL LIMIT SWITCH WHICH SENSES ULLAGE PRESSURE IN ORDER TO MAIN-

TAIN THAT PRESSURE BETWEEN 28 AND 31 PSIA DURING CRYOGENIC OR AMBIENT RE PRESSURIZATION. THIS SWITCH IS CONNECTED IN 

SERIES TO AN IDENTICAL SWITCH WHICH IS USED TO CONTROL THE PREPRESSURIZATION AND PRESSURIZATION SYSTEMS. BOTH 

SWITCHES MUST ENERGIZE AT 31 PSIA BEFORE A SIGNAL CAN BE SENT TO EITHER OF THE LH2 TANK REPRESSURIZATION CONTROL 

MODULES (CRYOGENIC OR AMBIENT) TO CUTOFF THE HELIUM RE PRESSURIZATION FLOW TO THE LH2 TANK. TWO SWITCHES, REQUIRED 

FOR CUTOFF, OFFER A SAFEGUARD AGAINST A PREMATURE LH2 RE PRESSURIZATION CUTOFF DUE TO A SINGLE SWITCH MALFUNCTION. 

THIS SWITCH IS IDENTIFIED ON THE REFERENCE SCHEMATIC AS THE ' !REPRESS/BURNER SWITCH '' (S2) . 

LH2 TANK PRE PRESSURIZATION AND FLIGHT CONTROL SWITCH. 

THE SERIES REDUNDANT SWITCH MENTIONED IN PARAGRAPH 11.1.4 "1 IS Tl-- :~ PREPRESS FLIGHT CONTROL SWITCH AND IS IDENTIFIED 

ON THE SCHEMATIC AS THE 11GROUND FILL/PRE PRESS SWITCH ' ' (S4) . THIS SWITCH SENSES THE TANK ULLAGE PRESSURE TO MAINTAIN 

THE ULLAGE BETWEEN 28 AND 31 PSIA DURING PREPRESSURIZATION AND BURN. T HE FLIGHT PRESSURE SWITCH SENDS SIGNALS TO 

CONTROL THE HELIUM SUPPLY VALVE IN THE GROUND PRESSURIZATION SYSTEM. DURING BURN, THIS SWITCH SENDS SIGNALS TO THE 

LH2 TANK PRESSURIZATION CONTROL MODULE TO INCREASE OR DECREASE T HE HYDROGEN FLOW AS REQUIRED. 

LH2 PRESSURIZATION CONTROL MODULE 

THE PRESSURIZATION CONTROL MODULE CONTAINS A CHECK VALVE, TWO NORMALLY OPEN SOLENOID CONTROL VALVES, AND THREE 

ORIFICES. JUST AFTER FIRST ENGINE START, THE FIRST BURN RELAY ON COMMAND GIVES CONTROL OF THE CONTROL ORIFICE TO 

THE FLIGHT PRESSURE SVvlTCH, AND ENERGIZES THE STEP PRESSURIZATION ORIFICE SOLENOID CAUSING IT TO CLOSE THE STEP 

PRESSURIZATION VALVE DURING FIRST BURN. IF THE ULLAGE PRESSURE FALLS TO 28 PSIA THE PRESSURE SWITCH BREAKS CONTACT 

AND DE-ENERGIZES THE CONTROL ORIFICE SOLENOID VALVE WHICH CAUSES IT TO OPEN. THIS ALLOWS SUFFICIENT GAS FLOW TO 

. INCREASE THE PRESSURE TO 31 PSIA WHERE THE CONTROL SOLENOID VALVE IS CLOSED AND THE CYCLE IS REPEATED. 
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11.1.4. 6 

11.1.4.7 

11.1.4.8 

DURING THE SECOND BURN THE LH2 TANK PRESSURIZATION OPERATES SIMILAR TO FIRST PRESSURIZATION EXCEPT THAT THE SECOND BURN 
RELAY ON COMMAND GIVES CONTROL TO THE STEP PRESSURIZATION SOLENOID VALVE INSTEAD OF THE CONTROL SOLENOID VALVE. THE 
CONTROL SOLENOID VALVE REMAINS CLOSED DURING THE SECOND BURN. 

LH2 TANK AMBIENT REPRESSURIZATION CONTROL MODULE 
THE LH2 AMBIENT REPRESSURIZATION CONTROL MODULE CONSISTS OF A CHECK VALVE, A FILTER, AND THREE NORMALLY CLOSED SOLENOID 
VALVES. ThE Cl-ECK \/ALVE PREVENTS REVERSE FLOW IN THE RE PRESSURIZATION SUPPLY LINE DURING AND AFTER FILLING THE REPRES
SURIZATION SUPPLY SYSTEM. THE FILTER PREVENTS CONTAMINATION FROM ENTERING THE PROPELLANT TANKS. THE FILTER IS NOT SHOWN 
ON THE REFERENCE SCHEMATIC BUT IS LOCATED IN THE MODULE OUTLET LINE . TWO SOLENOID VALVES ARE INSTALLED IN A PARALLEL 
REDUNDANT CONFIGURATION AND ARE USED TO CONTROL THE SUPPLY OF HELIUM RE PRESSURIZATION GAS TO THE PROPELLANT TANKS. THE 
THIRD SOLENOID VALVE IS USED AS A DUMP VALVE TO DE PRESSURIZE THE HELIUM RE PRESSURIZATION SPHERES ON THE GROUND. A CONTROL 
ORIFICE IS INSTALLED DOWNSTREAM OF THE RE PRESSURIZATION MODULE . TO CONTROL THE FLOWRATE DURING RE PRESSURIZATION. 

LH2 TANK AMBIENT RE PRESSURIZATION SPHERES 
FIVE4.5 FT3 AMBIENT HELIUM SPHERES ARE MANIFOLDED DIRECTLY TO THE LH2 AMBIENT RE PRESSURIZATION MODULE. ONE OF THE TWO ADDITIONAL 
SPHERES WHICH ARE USED FOR LOX AMBIENT RE PRESSURIZATION ARE TIED TO THE FIVE LH2 AMBIENT REPRESSURIZATION BOTTLES WITH 
TWO CHECK VALVES IN SERIES TO PROVIDE ADDITIONAL RE PRESSURIZATION GAS FOR THE LH2 TANK IF LOX RE PRESSURIZATION REQUIREMENTS 
ARE MINIMUM. FOR CLARITY ONLY ONE OF THE CHECK VALVES IS SHOWN ON THE REFERENCE SCHEMATIC. THE SIX SPHERES ARE CONNECTED 
TO THE J-2 ENGINE CONTROL BOTTLE. A CHECK VALVE ALLOWS REPLENISH GAS TO FLOW TO THE CONTROL SPHERE TO MEET ENGINE REQUIRE 
MENTS. MASS LOST FROM THE REPRESS SYSTEM FOR THIS PURPOSE IS .1NEGLIGI6LE. 

L h 2 CRYcx;ENIC REPRESSURIZATION CONTROL MODULE 
PRESSURANT IS SIJPPLIED FROM NINE HELIUM SPHERES SUBMERGED IN THE LH2 TANK. THE SUPPLY PRESSURE TO THE BURNER COILS IS 
REDUCED TO 385:: ~~ PSIG BY THE LOX TANK PRESSURIZATION CONTROL MODULE. THE CRYOGENIC REPRESS CONTROL MODULE UPSTREAM OF 
THE O2- H2 BURNER CONTAINS PARALLEL NORMALLY CLOSED SOLENOID VALVES WhlCH ARE CONTROLLED BY COMMAND FROM THE SWITCH 
SELECTOR. THE LH2 TANK PRESSURE SWITCHES TERMINATE REPRESSURIZATION AT THE UPPER LIMIT OF 31 PSIA. A PLENUM CHAMBER IS 
INCLUDED IN THE MODULE OUTLET LINE TO CONTROL SURGE PRESSURE IN THE LINE BETWEEN THE SUPPLY SPHERES AND THE BURNER INLET. 
THE HELIUM IS ROUTED TO THE HELIUM COILS IN THE BURNER HEAT EXCHANGER THEN THROUGH AN ORIFICE TO THE LH2 TANK . 

LH2 TANK REPRESSURIZATION REGULATOR BACKUP PRESSURE SWITCH 
THIS PRESSURE SWl1CH SENSES PRESSURE DOWNSTREAM OF THE LH2 CRYOGENIC REPRESS MODULE. IF THE LOX TANK PRESSURE REGULATOR 
FAILS OPEN, THE PRESSURE SWITCH WILL ACTUATE AT 465+20, - 15 PSIA TO DE - ENERGIZ E THE CIRCUIT ALLOWING THE VALVES TO CLOSE . WHEN 
PRESSURE DROPS TO 350+20, - 15 PSIA THE PRESSURE SWITCH WILL DEACTUATE TO ENERGIZE THE CIRCUIT THUS OPENING THE VALVE. THIS 
OPERATION IS REPEATED AS THE PRESSURE CYCLES. 

THE 02/H2 BURNER FUEL PRESSURIZATION COILS 
THREE HELIUM RE PRESSURIZATION COILS ARE MANIFOLDED TOGETHER IN THE BURNER HEAT EXCHANGER. ONE HELIUM COIL (175 INCHES LONG) 
EXTENDS HELICALLY AROUND THE LENGTH OF THE HEAT EXCHANGER SECTION. THE TWO OTHER COILS (45 AND 50 INCHES LONG) ARE LOCATED 
TOGETHER IN A LOWER MANIFOLD AND MOUNTED IN A PARALLEL, HELICAL CONFIGURATION AROUND THE LOWER SECTION OF THE HEAT EXCHANGER. 
THE HELIUM IS HEATED AND EXPANDED IN THESE COILS AND THEN ROUTED TO THE LH TANK THROUGH AN ORIFICE WHICH CONTROLS THE FLOWRATE 
TO THE FUEL TANK. INFORMATION REGARDING THE OPERATION OF THE BURNER MAY BE FOUND IN SECTION 9.0 OF THE DOCUMENT. 
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-

11.1.5.1 

• 

THE PNEUMATIC CONTROL SYSTEM 

THE PNEUMATIC CONTROL SYSTEM PROVIDES A REGULATED HELIUM SUPPLY FOR ALL STAGE PNEUMATICALLY-OPERATED VALVES AND THE 

ENGINE START TANK VENT VALVE CONTROL. ALL OTHER ENGINE PNEUMATIC POWER IS SUPPLIED BY THE ENGINE HELIUM SPHERE. THE 

CONTROL SYSTEM ALSO PROVIDES AMBIENT HELIUM TO PURGE THE ENGINE TURBINE PUMP SEALS, THE GAS GENERATOR, AND THE LOX CHILL

DOWN PUMP MOTOR CONTAINER. PRIOR TO LIFTOFF, PURGING OF THE LOX AND LH2 VENT DUCTS, LH2 CHILLDOWN VALVE, AND THE LOX A ND 

LH2 FILL AND DRAIN VALVES IS ACCOMPLISHED T HROUGH SEPARATE LINES WITH GSE HELIUM SUPPLIED THROUGH THE FILL PORT DISCONNECT. 

THE PNEUMATIC CONTROL SYSTEM OPERATES AS REQUIRED THROUGHOUT THE MISSION PHASES OF PRELAUNCH, BOOST, BURN, COAST AND 

SAFING. 

THE SYSTEM PROVIDES THE ACTUATION PRESSURE FOR THE FOLLOWING VALVES: 

A. 
B. 
C. 
D. 
E. 
F. 
G. 
H. 
I. 
J. 
K. 

LH2 DIRECTIONAL CONTROL VALVE 

LH2 VENT AND RELIEF VALVE 

LOX AND LH2 FILL AND DRAIN VALVES 

LOX AND LH2 PREVALVES 

LOX AND LH2 CHILLDOWN SHUTOFF VALVES 

LOX TANK VENT AND RELIEF VALVE 

LH2 CONTINUOUS VENT MODULE ORIFICE BYPASS VALVE 

LOX NON-PROPULSIVE VENT VALVE 

BURNER LH2 PROPELLANT VALVE 

BURNER LOX SHUTDOWN VALVE 

LH2 LATCHING VENT AND RELIEF VALVE. 

A PRESSURE SPHERE PROVIDES AMBIENT HELIUM TO THE PNEUMATIC CONTROL SYSTEM AND TO THE J2 ENGINE PUMP PURGE SYSTEM. 

GROUND DUMPING OF THE PNEUMATIC SUPPLY IS ACCOMPLISHED BY THE AMBIENT HELIUM FILL MODULE. SAFING OF THE PNEUMATIC 

SUPPLY IS ACCOMPLISHED BY ACTUATION OF THE ENGINE PURGE CONTROL MODULE. A PNEUMATIC REGULATOR REDUCES THE HELIUM 

PRESSURE FROM THE SUPPLY SPHERE TO A NOMINAL VALUE OF 490"!_~~ PSIA. UNDER A LOW DEMAND CONDITION, MAXIMUM REGULATOR 

LOCK- UP (REGULATOR FULLY CLOSED) PRESSURE IS 550 PSIA. IF THE PNEUMATIC REGU L ATOR FAILS IN THE FULLY OPENED POSITION , 

A BACKUP PRESSURE SWITCH COMMANDS A NORMALLY OPEN SOLENOID VALVE CLOSED AS REQUIRED TO MAINTAIN THE HELIUM REGULATOR 

PRESSURE WITHIN PRESSURE SWITCH LIMITS. AT PRESSURES GREATER THAN 600 ±.1 5 PSIA, THE PRESSURE SWITCH ACTUATES AND CLOSES 

THE VALVE. AT PRESSURES BELOW 490 ±25 PSIA, THE PRESSURE SWITCH DROPS OUT AND THE SOLENOID OPENS, THUS ACTING AS A BACKUP 

TO THE REGULATOR. 

A SIMPLIFIED SCHEMATIC SHOWING THE REGULATOR, PRESSURE SWITCH AND SUPPLY BOTTLE IS INCLUDED IN FIGURE 9- 2 OF THE BURNER 

SYSTEM SECTION. A DESCRIPTION OF THE PNEUMATIC POWER CONTROL MODULE IS CONTAINED IN THE NEXT PARAGRAPH. 

PNEUMATIC POWER CONTROL MODULE 

THE PNEUMATIC POWER CONTROL MODULE CONTAINS TWO SEPARATE FLOW PATHS. THE MAIN PATH INCORPORATES AN INLET FILTER, A 

PRESSURE REGULATOR, A NORMALLY OPEN SOLENOID VALVE, AND AN OUTLET FILTER. THIS PATH REGULATES THE ONBOARD AMBIENT 

HELIUM SUPPLY PRESSURE TO 490 ~ ~~ PSIG FOR OPERATING PNEUMATICALLY ACTUATED COMPONENTS. THE NORMALLY OPEN SOLENOID 

VALVE IS CONTROLLED BY A PRESSURE SWITCH THAT SENSES ACTUATION SYSTEM PRESSURE SUCH THAT A REGULATOR FAILURE RESULTS 
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11.1.6 

11.1.6.1 

11.1.6.2 

.N PRESSURE SWITCH CONTROL OF THE SOLENOID VALVE (OPEN AND CLOSE) THEREBY PROVIDING A REDUNDANT MEANS OF REGULATION. THE 

OTHER FLOW PATH CONTAINS A NORMALLY CLOSED, THREE-WAY, TWO-POSITION SOLENOID VALVE AND A PORT FOR MOUNTING THE PRESSURE 

SWITCH USED TO CONTROL THE SOLENOID VALVE IN THE MAIN FLOW PATH. THE FUNCTION OF THE THREE-WAY VALVE IS TO CONTROL THE J - 2 

ENGINE START SPHERE VENT VALVE ACTUATION. IN THE CLOSED POSITION, THE THREE - WAY VALVE ENSURES VENTING OF THE ACTUATOR AND 

LINE TO PREVENT SLOWDOWN OF THE START SPHERE IN THE EVENT OF VALVE LEAKAGE. 

LH TANK FILL AND DRAIN SYSTEM 

PRIOR TO LOADING, THE LH2 TANK IS PURGED WITH HELIUM GAS. AT THE INITIATION OF LOADING, THE GROUND CONTROLLED COMBINATION VENT 

AND RELIEF VALVE IS PNEUMATICALLY OPENED. THE DIRECTIONAL CONTROL VALVE IS ALSO POSITIONED AT THE TIME TO ROUTE GH2 THROUGH 

THE OVERBOARD BURN STACKLINE. 

LOADING BEGINS WITH PRECOOJ,_ AT A FLOW OF 500 GPM. WHEN THE 5 PERCENT LOAD LEVEL IS REACHED FAST FILL IS INITIATED AT A FLOW OF APPROX. 

3000 GPM. AT THE 98 PERCENT LOAD LEVEL, FAST FILL STOPS AND A SLOW FILL AT 500 GPM BEGINS. A FAST FILL EMERGENCY CUTOFF SENSOR 

HAS BEEN PROVIDED TO COMPENSATE FOR A PRIMARY CONTROL CUTOFF FAILURE. SLOW FILL IS TERMINATED AT THE 100 PERCENT LOAD LEVEL 

AND THIS LEVEL IS THEN MAINTAINED BY REPLENISH FLOW RATE OF OTO 300 GPM, AS REQUIRED. THE REPLENISH FLOW IS MAINTAINED THROUGH 

THE COMPLETE LH2 TANK PREPRESSURIZATION OPERATION. 

LIQUID LEVEL DURING FILL IS MONITORED BY MEANS OF THE PU MASS PROBE S. A B ACKUP OVERFILL SENSOR IS PROVIDED TO TERMINATE FLOW 

IN THE EVENT OF A 100 PERCENT LOAD CUTOFF FAILURE. TERMINATION OF F LOW (REVERT) IS ACCOMPLISHED BY CLOSING THE FILL AND DRAIN 

VALVE, OPENING THE UMBILICAL LINE DRAIN VALVE AND CLOSING THE F ILL VALVE. A REFERENCE SCHEMATIC SHOWING THE OPERATION AND 

CONTROL OF THE FILL AND DRAIN VALVE IS INCLUDED IN THIS SECTION IN FIGURE 11 - 4. THE MAIN STAGE COMPONENTS IN THIS SYSTEM ARE 

THE LH2 FILL AND DRAIN VALVE AND THE LH2 FILL AND DRAIN VALVE DISCONNECT ASSEMBLY. DISCUSSION OF THESE COMPONENTS FOLLOWS IN 

THE SUCCEEDING PARAGRAPHS. OTHER COMPONENTS WHICH ARE ASSOCIATED WITH THE FILL SYSTEM ARE, THE COMPONENTS OF THE VENT 

SYSTEMS, PROPELLANT UTILIZATION AND LH TANK PRESSURIZATION. DISCUSSIONS OF THESE SYSTEMS MAY BE FOUND IN APPLICABLE SECT IONS 

OF THIS DOCUMENT. 

LH2 FILL AND DRAIN VALVE 
THE FILL AND DRAIN VALVE IS AN ASSEMBLY CONSISTING OF A VALVE BODY, A VALVE BLADE , A PNEUMATICALLY OPERATED HELIUM PRESSURE 

ACTUATOR AND TWO POSITION INDICATOR SWITCHES. PNEUMAT IC PRESSURE F OR OPERATING THE VALVE IS SUPPLIED BY THE ST AGE PNEUMAT IC 

SYSTEM AND IS CONTROLLED BY ELECTRICALLY CONTROLLED SOLENOID VALVES IN A N A CTUATION MODULE. THE FILL AND DRAIN VALVE IS 

THEREFORE PNEUMATICALLY ACTUATED BUT ELECTRICALLY CONT ROL LED. 

THE VALVE IS CAPABLE OF ALLOWING FLOW IN EITHER DIRECTION FOR FILL AS WELL A S DRA IN OPERATIONS. DURING LH F ILL T HE VALVE WILL 

ALLOW A FLOW RATE OF 3000 GPM AT - 423°F AN INLET PRESSURE OF 27 PSIA, RE VE RSE FLOW CAPABILITY IS 1850 GPM AT A PRESSURE OF 26 PSIA. 

LH2 FILL AND DRAIN VALVE DISCONNECT ASSEMBLY 

THE FILL, AND DRAIN VALVE DISCONNECT ASSEMBLY CONSISTS OF TWO MATING UNITS. ONE UNIT IS ATTACHED TO THE STAGE, AND THE OTHER 

IS ATTACHED TO THE GROUND SUPPORT EQUIPMENT. THE MATING UNIT ATTACHED TO THE GSE IS CAPABLE OF AXIAL MOTION TO PERMIT EASY 

COUPLING. THE MATING SEAL IS LOCATED ON THE AIRBORNE HALF OF THE DISCONNECT ASSEMBLY. MATING IS ACCOMPLISHED BY MANUAL 

MECHANICAL FORCE. ASSURANCE OF A FULLY CONNECTED AND SEALED CONDITION IS PROVIDED BY A VISUAL INDICATION. THE DISCONNECT 

ASSEMBLY IS AUTOMATICALLY DISCONNECTED AT TIME OF LIFTOFF. ON THE GSE SIDE OF THE ASSEMBLY IS THE LH2 DEBRIS VALVE WHICH 

IS CONTROLLED BY THE ESE AS SHOWN IN FIGURE 11-4. 

11-9 



11.1.7 GH2 START BOTTLE 

THE INTEGRAL HYDROGEN-HELIUM START BOTTLE CONSISTS OF A 4.2 CUBIC FOOT SPHERE FOR HYDROGEN WITH A 1,000 CUBIC INCH SPHERE FOR 

HELIUM LOCATED WITHIN IT. GASEOUS HYDROGEN STORED UNDER PRESSURE IN THE HYDROGEN START TANK PROVIDES THE ENERGY SOURCE FOR 

STARTING THE ENGINE. HELIUM STORED UNDER PRESSURE IN THE HELIUM TANK IS USED TO SUPPLY PNEUMATIC PRESSURE TO THE ENGINE 

CONTROL SYSTEM. BOTH THE HYDROGEN START TANK AND THE HELIUM TANK ARE FILLED FROM A GROUND SOURCE. THE START TANK IS INSULA T ED 

TO PREVENT EXCESSIVE INTERNAL PRESSURE BUILDUP CAUSED B Y E XTERNAL TEMPERATURES. DURING ENGINE OPERATION , GASEOUS HYD ROGEN IS 

B LED FROM THE THRUST CHAMBER FUEL INJECTION MANIFOLD AND LIQUID HYDROGEN IS BLED FROM THE AUGMENTED SPARK IGNITER FUEL LINE T O 

REFILL THE START TANK FOR ENGINE RESTART. A CHECK VALVE AND AN ORIFICE ARE INSTALLED IN THE LIQUID REFILL LINE TO PREVENT REVERSE FLOW 

AND TO CONTROL TEMPERATURE CONDITIONS IN THE START TANK. 

THE START BOTTLE IS FILLED WITH COLD GH2 FROM THE HEAT EXCHANGER CONSOLE CIRCUIT NO. 1. A SCHEMATIC SHOWING THE REDLINE MEASURE

MENTS AND BASIC FILL CIRCUIT IS FIGURE 11 - 5. 

11.2 CRITICAL MEASUREMENTS 

11. 2. 1 

11 02. 2 

THE REDLINE MEASUREMENTS ANALYZED IN THIS SECTION OF THE F .I.G. ARE: 

(A) 
(B) 
(C) 
(D) 
(E) 
(F) 

XC0003-403 
VXC0006-401 

VXD00l 4- 403 

VXD00l 7-401 

XD0576-408 

VXF000S-404 

TEMP. LH2 PUMP INLET 

TEMP - GH2 START BOTTLE 

PRESSO CONTROL HELIUM REG. DISCHARGE 

PRESS. - GH2 START BOTTLE 

PRESS. - LH2 TANK ULLAGE 

FLOW RATE - FUEL CIRCULATION PUMP 

ALL THESE MEASUREMENTS AND BACK- UPS (IF EXISTING) ARE SHOWN ON A REFERENCE SCHEMATICS FOR EACH SYSTEM WITH EXCEPTION TO 

VXD0014 WHICH IS SHOWN ON THE O2jH2 BURNER VALVE CONTROL DRAWING O EACH MEASUREMENT AND ITS CRITICALITY IS DISCUSSED IN THE 

SUBSEQUENT PARAGRAPHS o FAULT ISOLATION FLOW GRAPHS USING THESE MEASUREMENTS AS STARTING POINTS ARE INCLUDED AT THE END 

OF SECTION t 1.0. 

MEASUREMENT XC003- 403 

THIS MEA SUREMENT MEASURES T HE LH 2 T EMPERAT URE FLOWING THROUGH THE B L E ED VALVE DURING CHILL DOWN AND THE MEA SUREMENT POINT 

IS DOWNSTREAM OF T HE L H2 PUMP. THIS MEAS UREME NT IS USED IN CONJUNCTION WITH XD0576- 408 (FUE L TA NK ULLAGE PRESSURE) TO DETERMINE 

T HAT PROPER PROPELLANT CONDIT IONS E XIST AT THE FUEL PUMP INLET. T HESE CONDITIONS ARE SPECIFIED TO ASSURE A QUA LITY OF PROPEL

LANT THAT WILL RESULT IN SATISF ACTORY NET POSITI VE SUCTION HEAD AT E NGINE START. OUT OF SPECIFICATION CONDITION COULD CA USE LH 

CHILLDOWN PUMP CAVITATION AND ASSOCIATED OFF- DESIGN PERFORMANCE OF THE J 2 ENGINE. 

MEASUREMENT VXC0006-401 

THIS MEASUREMENT (GH2 S TART BOTTLE TEMPERATURE) IS USED IN CONJUNCTION WITH THE START BOTTLE PRESSURE MEASUREMENT VXD00l 7- 401 . 

THESE TWO PARAMETERS INDICATE THAT THE ENERGY LEVEL OF TURBINE START SYSTEM IS AS SPECIFIED BY THE ENGINE MANUFACTURER. A 

LOW TEMPERATURE IN CONJUNCTION WITH HIGH PRESSURE COULD GIVE HIGH MASS AND ENERGY AND CONSEQUENTLY HIGH LOX PUMP DISCHARGE 

PRESSURE (AS COMPARED TO THE FUEL PUMP DISCHARGE PRESSURE) AND RESULT IN LOX RICH GAS GENERATOR PRESSURE WHICH COULD RESULT 

IN HIGH GAS GENERATOR TEMPERATURE. T HE HIGHER TEMPERATURE IN CONJUNCTION WITH LOW PRESSURE WILL GIVE LOW MASS AND LOW ENERGY 

TO START TURBINES. 
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11 .2.3 

11.2.4 

11.2.5 

11.2. 6 

MEASUREMENT VXD0014-403 
THIS MEASUREMENT MONITORS THE ACTUATION PRESSURE SUPPLIED TO ALL PNEUMATICALLY OPERATED STAGE VALVES AND THE J2 ENGINE 
START TANK VENT VALVE AS WELL AS PURGE HELIUM TO THE J2 TURBO PUMPS AND LOX CHILLDOWN PUMP. THE PNEUMATIC SYSTEM COMPO
NENTS COULD BE DAMAGED IF THE PNEUMATIC PRESSURE BECOMES EXCESSIVE AND CAUSE EVENTUAL LOSS OF CONTROL HELIUM. PROPE R 
OPERATION OF THE PNEUMATIC POWER CONTROL MODULE IS DETERMINED BY OBSERVING THIS MEASUREMENT WHICH IS LOCATED AT THE 
OUTLET OF THE PLENUM DOWNSTREAM OF Tl---'. E PNEUMATIC POWER CONTROL MODULE . 

MEASUREMENT VXD0017-401 
THIS MEASUREMENT INDICATES THE PRESSURE OF THE GHz IN THE J2 ENGINE START BOTTLE. ITS CRITICALITY HAS BEEN DISCUSSED IN 
PARAGRAPH 11.2.2. 

MEASUREMENT XD0576-408 

THE LHz TANK ULLAGE PRESSURE IS MONITORED BY MEASUREMENT XD0576- 408. THIS PARAMETER IS ESSE NTIAL BECAUSE USED IN CONJUNCTION 
WITH XD0003-403 (LH2 PUMP INLET TEMP.) TO ASSURE SATISFACTORY ENGINE START AND REQUIRED NPSH DURING BURN. POSSIBLE ENGINE PUMP 
CAVITATION AND ASSOCIATED OFF- DESIGN PERFORMANCE COULD RESULT IF THE FUEL ULLAGE PRESSURE IS NOT WITHIN THE REQUIRED LIMITS. 
ULLAGE PRESSURE RATHER THAN PUMP INLET PRESSURE WAS CHOSEN AS A REDLINE BECAUSE THE ULLAGE PRESSURE CONDITIONS AT PRE-;
LIFTOFF ARE SIMILAR TO PUMP INLET PRESSURE AT ENGINE START AND VARIATIONS DUE TO LH2 CHILLDOWN PUMP DEL TA P. ARE DIFFICULT 
TO TRANSLATE INTO PUMP INLET CONDITIONS PRIOR TO LIFTOFF. 

MEASUREMENT VXF000S-404 
THIS MEASUREMENT INDICATES THE FLOWRATE OF THE LH DOWNSTREAM OF THE CHILLDOWN SHUTOFF VALVE. PROPER RECIRCULATION OF 

THE LH DURING CHILLDOWN IS REQUIRED TO MEET THE ENGINE REQUIREMENTS DISCUSSED IN THE PROCEEDING PARAGRAPHS. A FAILURE IN 

THE RECIRCULATION SYSTEM WILL BE DETECTABLE IN THIS MEASUREMENT. 
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12.0 

12. 1 

12.1 .1 

12.1.2 

12.1.2.1 

J-2 ENGINE 

SYSTEM DESCRIPTION 

GENERAL 

THE S-IVB STAGE DERIVES ITS MAIN PROPULSIVE FORCE FROM A SINGLE ROCKETDYNE J- 2 ENGINE. THE J-2 ENGINE (FIGURE 12- 1) IS A HIGH 

PERFORMANCE MULTIPLE RESTART ENGINE UTILIZING LIQUID OXYGEN (LOX) AND LIQUID HYDROGEN (LH2) AS PROPELLANTS. THE ONLY 

SUBSTANCES USED IN THE ENGINE ARE PROPELLANTS AND HELIUM GAS. THE EXTREMELY LOW OPERATING TEMPERATURE OF THE ENGINE 

PROHIBITS THE USE OF LUBRICANTS OR OTHER FLUIDS. THE ENGINE FEATURES A SINGLE TUBULAR WALLED, BELL- SHAPED THRUST CHAMBER , 

AND TWO INDEPENDENTLY DRIVEN, DIRECT DRIVE TURBOPUMPS FOR THE LOX AND LH2. A HIGH SPEED, DIRECT DRIVE POWER TAKEOFF IS 

PROVIDED AT THE LOX TURBOPUMP TURBINE WHICH SERVES AS THE MAIN SOURCE OF POWER TO THE S- IVB HYDRAULIC SYSTEM. 

BOTH THE LOX AND LH2 TURBOPUMPS ARE POWERED IN SERIES BY A SINGLE GAS GENERATOR WHICH UTILIZES THE SAME PROPELLANTS 

AS THE THRUST CHAMBER. 

PROPELLANT UTILIZATION (PU) IS OBTAINED FROM BYPASSING LOX FROM THE DISCHARGE SIDE OF THE TURBOPUMP TO THE INLET SIDE THROUGH 

A VALVE MRCV DRIVEN BY A PNEUMATIC ACTUATOR. THE MRCV VALVE HAS THE CAPABILITY OF VARYING THE ENGINE MIXTURE RATIO (EMR) FROM A 

NOMINAL VALVE OF 5.0:1 RATIO, LOX- TO---LH2, ·To A MINIMUM OF 4.5:1. THE MRCV 5.0/1 AND 4.5/1 EMR CAN VARY THE.NOMINAL THRUST OF 200,000 

POUNDS BY APPROXIMATELY 10 PER CENT. 

A PNEUMATIC CONTROL SYSTEM CONSISTING OF A 1000 CUBIC INCH ENGINE MOUNTED TANK FILLED WITH GROUND SUPPLIED HELIUM AND A REG

ULATOR ASSEMBLY ARE USED FOR ENGINE VALVE OPERATION AND CERTAIN PURGES DURING FLIGHT. ANY ENGINE VALVE SEQUENCING PERFORMED 

PRIOR TO FLIGHT IS ACCOMPLISHED WITH A MINIMUM TANK SUPPLY PRESSURE OF APPROXIMATELY 1450 PSIA. 

A RECHARGEABLE, ENGINE- MOUNTED, GASEOUS HYDROGEN (GH2) START TANK FILLED WITH APPROXIMATELY 1250 PSIA GROUND SUPPLIED GH2 

PROVIDES THE ENERGY SOURCE FOR INITIAL TURBOPUMP SPIN DURING ENGINE START. 

AN ELECTRICAL CONTROL ASSEMBLY (ECA) CONTAINING SOLID STATE LOGIC ELEMENTS IS USED TO SEQUENCE THE START AND SHUTDOWN 

_OPERATIONS OF THE ENGINE . ELECTRICAL POWER FOR THIS ASSEMBLY IS DERIVED FROM AFT BUS NO. 1 ( + 401 1) IN THE STAGE AND IS 

SUPPLIED TO THE ENGINE THROUGH A MOTOR-DRIVEN SWITCH. 

A HEAT EXCHANGER LOCATED IN THE LOX TURBINE EXHAUST DUCT PROVIDES FOR HELIUM PRESSURANT GAS HEATING TO THE VEHICLE LOX TANK. 

GASEOUS HYDROGEN TAPPED FROM THE THRUST CHAMBER FUEL INJECTION MANIFOLD IS UTILIZED FOR LH2 TANK PRESSURIZATfON. 

FUNCTIONAL DESCRIPTION OF MAJOR J - 2 ENGINE HARDWARE COMPONENTS 

THRUST CHAMBER 

THE THRUST CHAMBER INCLUDES THE TUBULAR BELL AND INJECTOR ASSEMBLY WHERE THE MAIN LH2 AND LOX PROPELLANTS ARE ATOMIZED, 

MIXED AND BURNED TO PRODUCE THRUST FOR VEHICLE PROPULSION. MOUNTED ON THE INJECTOR IS THE AUGMENTED SPARK IGNITER WHICH 

PROVIDES THE INITIAL COMBUSTION FOR START. 

THE BELL NOZZLE ACTS AS A HEAT EXCHANGER WHICH PROVIDES GASEOUS HYDROGEN FOR THE INJECTOR AND LH2 PRESSURIZATION. THE HEAT 

ABSORBED BY THE HYDROGEN KEEPS THE NOZZLE COOL DURING ENGINE OPERATION. ENGINE CHAMBER PRESSURE RANGES FROM 590 TO 810 PSIA 

DURING MAINSTAGE OPERATION. 
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12.1.2.2 

12.1.2.3 

PROPELLANT FEED SYSTEM 

THE MAJOR COMPONENTS IN THE PROPELLANT FEED SYSTEM ARE MADE UP OF THE LOX AND LH2 TURBO PUMPS, MAIN ENGINE VALVES, FLOWMETERS 

AND BLEED VALVES. THE SYSTEM TRANSFERS AND CONTROLS LOX AND LH2 FROM THE PROPELLANT TANKS TO THE THRUST CHAMBER AND THE GAS 

GENERATOR. 

LOX 
THE OXIDIZER TURBO PUMP IS A SINGLE-STAGE CENTRIFUGAL PUMP POWERED BY DIRECT TURBINE DRIVE. THE OXIDIZER PROPELLANT IS DISCHARGED 

AT A PRESSURE AND TEMPERATURE OF 850 TO 1,000 PSIA AND 168 TO 176 DEG R. PROPELLANT IS BYPASSED AROUND THE OXIDIZER TURBO PUMP THROUGH 

THE MRCV. THE FLOW THROUGH THIS VALVE VARIES FROM 85 TO 185 LB/SEC LOX WHICH CONTROLS THE ENGINE MIXTURE RATIO BETWEEN 5.0 TO 4.5 EMR 

UNITS. THE VALUE POSITION IS GOVERMED BY THE RATIO OF LOX AND LH2 IN THE TANK AS MEASURED BY THE PU SYSTEM. 

THE LOX FLOWMETER IS LOCATED DOWNSTREAM OF THE PUMP DISCHARGE AND PRIOR TO THE GAS GENERATOR TAP- OFF AND MEASURES THE OXIDIZER 

FLOWRATE IN GALLONS PER MINUTE. CALCULATION OF THE PROPELLANT MASS FLOWRATE IS DETERMINED AS A FUNCTION OF PROPELLANT DENSITIES. 

THE MAIN LOX VALVE IS LOCATED DOWNSTREAM OF THE GAS GENERATOR TAP-OFF. THE MOVEMENT OF THE MAIN LOX VALVE IS PRECISELY CONTROLLED 

BY THE MAIN OXIDIZER CONTROL ACTUATOR IN ORDER TO PROVIDE A SUCCESSFUL START OF THE J- 2 ENGINE. 

MAINSTAGE PRESSURE SWITCHES WHICH ARE LOCATED AT THE LOX INJECTOR PROVIDE A SIGNAL TO THE S- IVB IU (PICKUP AT 490 ±30 PSIA, DROPOUT 

AT 425±25 PSIA). DROPOUT OF BOTH SWITCHES DURING MAINSTAGE OPERATION WILL AUTOMATICALLY INITIATE AN E.NGINE GENERATED CUTOFF. 

LH2 
THE LH2 TURBO PUMP IS A TURBINE-DRIVEN, AXIAL FLOW PUMP CONSISTING OF AN INDUCER AND A SEVEN-STAGE ROTOR AND STARTER ASSEMBLY. 

THE LH2 PROPELLANT IS DISCHARGED AT A PRESSURE AND TEMPERATURE OF 1,050 TO 1,250 PSIA AND 50 TO 55 DEG. R. 

THE LH2 FLOWMETER IS LOCATED DOWNSTREAM OF THE PUMP DISCHARGE FOLLOWING THE GAS GENERATOR TAP- OFF AND MEASURES IN GALLONS 

PER MINUTE. LOCAL DENSITY CALCULATION IS NECESSARY IN ORDER TO CONVERT TO UNITS OF MASS FLOW. 

THE MAIN LH2 VALVE IS LOCATED BETWEEN THE LH2 FLOWMETER AND THE ENGINE THRUST CHAMBER. IT IS A FAST ACTING BUTTERFLY TYPE VALVE 

WHICH IS ORIFICED TO OPEN FAST (100 MS) AND CLOSE SLOW (225 MS) GUARANTEEING AN LH2 RICH CUTOFF. 

GAS GENERATOR 

PROPELLANTS ARE FED TO THE GAS GENERATOR FROM THE LOX AND LH2 TAP- OFFS OF THE RESPECTIVE PUMP DISCHARGES THROUGH THE GAS 

GENERATOR CONTROL VALVE. THIS VALVE IS MECHANICALLY CONSTRUCTED TO PROVIDE LH2 PRIOR TO INTRODUCING LOX TO THE CHAMBER THUS 

PREVENTING A LOX RICH START UNDER NORMAL OPERATING CONDITIONS. THE GAS GENERATOR OPERATES IN AN LH2 RICH MIXTURE RATIO OF 

APPROXIMATELY 1. 1 WITH NORMAL OPERATING PRESSURES AND TEMPERA TURES OF 500 TO 750 PSIA AND 1,340 TO 1,760 DEG R. THE MAXIMUM 

ALLOWABLE TEMPERATURE IN THE GAS GENERATOR AREA IS APPROXIMATELY 2,650 DEG R. 

THE HIGH ENERGY GASES FROM THE GAS GENERATOR ARE FED DIRECTLY TO THE LH2 PUMP TURBINE. THE LH2 TURBINE
0

IS A TWO-STAGE DESIGN 

WHICH EXTRACTS ENOUGH POWER TO DRIVE THE LH2 TURBO PUMP. NORMAL TURBO PUMP SPEEDS RANGE FROM 26,500 TO 28 ,500 RPM . LH2 

TURBINE DISCHARGE PRESSURES AND TEMPERATURES RANGE FROM 75 TO 90 PSIA AND 1,010 TO 1,310 DEG R, 
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12.1.2.4 

12.2 

12.2 . 1 

12.2.2 

LOX TURBINE 
THE LOX TURBINE BYPASS VALVE JS LOCATED DOWNSTREAM OF THE LH2 TURBINE AND IS NORMALLY CLOSED DURING MAINSTAGE OPERA T ION. ITS 
MAIN FUNCTION IS TO PROVIDE EXTRA BYPASS OF THE LH2 TURBINE EXHAUST GASES AROUND THE LOX TURBINE IN ORDER TO PREVENT A L OX SYSTEM 
OVERSPEED DURING THE START TRANSIENT. THE VALVE CLOSES AS THE DEMAND FOR POWER AT THE LOX PUMP INCREASES. HOWEVER , EVEN WHEN 
CLOSED THE VALVE ALLOWS A CERTAIN AMOUNT OF GASES TO BE BYPASSED THROUGH A NOZZLE WHOSE SIZE IS DETERM~NED DURING THE E NGINE 
CALIBRATION AND ESTABLISHES THE CORRECT POWER MATCH BETWEEN THE LH2 AND LOX TURBOPUMP SYSTEMS. 

THE TWO-STAGE LOX TURBO PUMP TURBINE EXTRACTS THE REQUIRED POWER TO OPERATE THE LOX TURBO PUMP AND THE AUXILIAR Y HY DRAULIC 
PUMP WHICH JS ATTACHED TO THE NECESSARY DRIVE PAD. THE LOX TURBO PUMP SPEED RANGES FROM 8,000 TO 9,500 RPM DURING NORMAL OPERATION. 
THE TURBINE DISCHARGES GAS AT PRESSURES AND TEMPERATURES OF 27 TO 40 PSIA AND 1,000 TO 1,200 DEG R TO THE ENGINE HEAT EXCHANGER WHICH 
HEATS THE LOX TANK HELIUM PRESSURANT GAS. THE TURBINE EXHAUST GASES DISCHARGE DIRECTLY INTO THE THRUST CHAMBER BELL DOWNSTREAM 
OF THE THROAT. 

CRITICAL MEASUREMENTS 
GENERAL 
THERE ARE A TOTAL OF SIX REDLINE MEASUREMENTS ASSOCIATED WITH THE J-2 ENGINE. ONLY TWO OF THESE MEASUREMENTS, A TEMPERATURE AND 
AN EVENT, ARE CONSIDERED IN THIS SECTION. THE REMAINING MEASUREMENTS ARE DISCUSSED IN OTHER APPLICABLE SECTIONS OF THIS DOCUMENT. 

FAULT ISOLATION FLOW CHARTS AND ASSOCIATED SYSTEM SCHEMATICS FOR BOTH MEASUREMENTS HAVE BEEN GENERATED AND ARE PRESENTED IN 
THIS SECTION. THEY CAN BE USED AS AIDS IN ANY TROUBLESHOOTING EFFORT THAT MAY BE ENCOUNTERED AS A RESULT OF A REDLINE VIOLATION 
INDICATED BY THE MEASUREMENTS. 

IT IS REALIZED THAT THE FLOW CHARTS OFFER ONLY ONE APPROACH TO ISOLATING THE PROBLEM, BUT THEY HAVE BEEN PREPARED IN THE ABSENCE 
OF COUNTDOWN ANXIETIES AND IT IS FELT THAT THE PRE - PLANNED EFFORT INHERENT IN THE FLOW CHARTS DOES P~ESENT A DIRECT AND SYSTEf\1ATIC 
APPROACH TO ISOLATING THE PROBLEM QUICKLY AND EFFICIENTLY. 

REDLINE MEASUREMENTS 
XVC0199- 401 THRUST CHAMBER JACKET TEMPERATURE (FIGURE 12- 2 AND 12- 3) 
THE TRANSDUCER FOR MEASUREMENT C0199 IS LOCATED ON THE THRUST CHAMBER JAC KET , HAS A RANGE OF - 4250 TO+ 100° F , AND IS IN T ENDED TO 
PROVIDE DATA FOR PURPOSES OF DETERMINING THAT PRE - LIFTOFF T HRUST CHA M B E R CH ILLDOWN REQUIREMENTS HAVE BEEN MET. THRUST CHAMBER 
PRE - CONDITIONING OR CHILLDOWN IS ACCOMPLI SHED BY FLOWING COLD HELIUM F ROM GSE FACILITIES INTO THE F UEL MANIFOLD DOWNSTREAM OF THE 
MAIN FUEL VALVE, THROUGH THE THRUST CHAMBER TUBES AND EXITING AT THE FUEL INJECTOR FACE . MEASUREMENT C0l 99 IS MONITORED FROM THE 
START OF THRUST CHAMBER CHILLDOWN AT APPROXIMATELY T - 10 MINUTES UNTIL T - 11 SECONDS. 

REDLINE LIMITS FOR C0199 HAVE BEEN ESTABLISHED FOR TWO DISTINCT PERIODS DURING THE COUNTDOWN. AT THE BEGINNING OF IAS MEASUREMENT 
C0199 SHOULD INDICATE A READING OF NO GREATER THAN 355 ° R AND SHOULD HAVE A DECREASING TREND. AT T - 19 SECONDS C0199 SHOULD READ NO 
GREATER THAN 300° R AND SHOULD MAINTAIN THE DECREASING TREND. C0l 99 IS DISPLAYED ON A FIRING ROOM STRIP CHART AND ALSO ON A PANEL 
METER. MEASUREMENT C0200, FUEL INJECTOR TEMPERATURE, HAS BEEN DESIGNATED THE REDLINE BACKUP FOR C0199 AND IS ALSO ON A FIRING ROOM 
STRIP CHART FOR EASY CORRELATION. DUE TO THE PHYSICAL LOCATION OF C0200, READINGS WILL BE APPROXIMATELY 8-10¾ LOWER THAN C0199. 
THE OVERALL SYSTEM SCHEMATIC FOR C0199 IS PRESENTED IN FIGURE 12- 2. THE FAULT ISOLATION ROUTINE FLOW CHART IS ILLUSTRATED IN 
FIGURE 12-'-3. 
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VXK0013-401 ENGINE CUTOFF LOCKIN (FIGURE 12-4 AND 12-5) 

IF THE ENGINE IS NOT IN A "READY" CONDITION AND AN ENGINE CUTOFF (C/O) SIGNAL IS RECEIVED, THE CUTOFF BUS (-t-Kl 64) WILL BE ENERGIZED 

AND A "LOCKIN" CIRCUIT WILL BE TURNED ON. THIS ENGINE C/O LOCKIN CIRCUIT WILL MAINTAIN THE CUTOFF BUS IN AN ENERGIZED STATE AFTER 

THE CUTOFF SIGNAL HAS BEEN REMOVED . MEASUREMENT K0013 PROVIDES AN INDICATION THAT THE C/O LOCKIN CIRCUIT IS TURNED ON. WHEN ALL 

PRE-START REQUIREMENTS FOR THE ENGINE HAVE BEEN MET, AN "ENGINE READY" CONDITION IS GENERATED IN THE FORM OF AN ELECTRICAL 

SIGNAL. THIS SIGNAL IS USED AS AN INHIBIT INPUT TO THE CUTOFF LOCKIN CIRCUIT AND WHEN PRESENT WILL TURN OFF THE LOCKIN CIRCUIT , OR, 

IF THE LOCKIN CIRCUIT IS NOT ON, IT WILL PREVENT A LOCKIN CONDITION FROM OCCURRING IF A CUTOFF SIGNAL WAS INTENTIONALL y OR UNINTEN

TIONALLY ISSUED. SINCE THE ENGINE READY SIGNAL IS CAPABLE OF UNLOCKING THE c/o LOCKIN CIRCUIT, IT CAN BE CONSIDERED A CUTOFF- RESET 

FUNCTION AND CAN BE USED FOR THIS PURPOSE ON ENGINES REQUIRING RESTART. 

FOR REASONS OF SAFETY, A CUTOFF COMMAND IS ISSUED TO THE S-IVB STAGE PRIOR TO LIFTOFF AND IS MAINTAINED THROUGH POWERED FLIGHT 

UNTIL JUST PRIOR TO S-IVB ENGINE START. ALTHOUGH THE CUTOFF COMMAND IS PRESENT AND THE CUTOFF BUS IS ENERGIZED , AN ENGINE READY 

CONDITION SHOULD EXIST PROHIBITING THE LOCKIN CIRCUIT FROM BECOMING ENERGIZED, I.E., K0013 SHOULD BE OFF. AT APPROXIMATELY T - 35 

MINUTES ENGINE CONTROL POWER IS TU-RN ON AND AN ENGINE CUTOFF IS ISSUED. AT THIS POINT, THE ENGINE CUTOFF LOCKIN INDICATION SHOULD 

BE ON AND WILL BE DISPLAYED ON A PANEL LIGHT AS WELL AS AN EVENT PEN ON A RECORDER IN ROW D. IN THE EVENT THIS INDICATION IS NOT 

RECEIVED, IMMEDIATE TROUBLESHOOTING WOULD BE REQUIRED. AFTER A NORMAL INDICATION HAS BEEN RECEIVED, ENGINE IGNITION POWER WILL 

BE TURNED ON AND AN ENGINE READY INDICATION SHOULD BE GENERATED. ' AS PREVIOUSLY DISCUSSED, K0013 SHOULD GO OFF AT THIS TIME AND 

THE REDLINE MONITORING REQUIREMENTS FOR THIS MEASUREMENT WOULD BEGIN. SHOU~D THIS MEASUREMENT TURN ON AFTER THIS SEQUENCE 

HAS BEEN PERFORMED BUT PRIOR TO T-11 SECONDS, THE COUNT WILL BE INTERRUPTED AND TROUBLESHOOTING INITIATED. THE J- 2 ENGINE 

SYSTEM SCHEMATICS OF FIGURE 12-4 AND THE FAULT ISOLATION DIAGRAM FOR MEASUREMENT K0013 ILLUSTRATED IN FIGURE 12- 5 MAY BE USED AS 

AIDS IN THE TROUBLESHOOTING EFFORT. A DETAILED SCHEMATIC OF THE ENGINE CUTOFF CIRCUIT HAS BEEN PREPARED (REFERENCE FIGURE 12--6) 

AND ILLUSTRATES ONLY THAT PORTION OF THE CIRCUITRY NECESSARY FOR DETAILED FAULT ANALYSIS OF THIS CIRCUIT SHOULD THE NEED ARISE. 
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13.0 
1 3.1 

HYDRAULIC SYSTEM 
SYSTEM DESCRIPTION 

13. 1. 1 GENERAL 

1 3. 1.2 

13.1.2.1 

13.1.2.2 

13.1.2.3 

THE SIVB HYDRAULIC CONTROL SYSTEM CONSISTS OF THE HARDWARE THAT EXECUTES MANEUVERS THAT RESULTS IN CHANGING THE POSITION 

OF THE SATURN V VEHICLE DURING SIVB POWERED FLIGHT. COMMANDS TO THE CONTROL SYSTEM ARE GENERATED AS FOLLOWS: 

DURING FLIGHT, 3 INTEGRATING ACCELEROMETERS MOUNTED ON A GYRO STABILIZED STABLE PLATFORM (LOCATED IN THE JU WITH 

BACKUP ON APOLLO CAPSULE) MEASURES THE 3 VELOCITY COMPONENTS RESULTING FROM VEHICLE PROPULSION. THESE SIGNALS 

ARE SUMMED TOGETHER WITH THE PROGRAMMED GUIDANCE SIGNALS BY THE IU LAUNCH VEHICLE DATA ADAPTER AND THEN COM

BINED WITH RATE GYRO INFORMATION FURNISHED BY THIS JU CONTROL SIGNAL PROCESSOR. THE COMBINED SIGNALS ARE THE YAW 

AND PITCH COMMANDS GENERATED BY THE JU FLIGHT CONTROL COMPUTER. THESE COMMANDS ARE ROUTED TO THE SIVB, HYDRAULIC 

SYSTEM PITCH AND YAW ACTUATORS. THE ACTUATORS POSITION THE J2 ENGINE PROPORTIONALLY ACCORDING TO THE COMMANDS 

RECEIVED THUS PROVIDING THRUST VECTOR STEERING OF THE VEHICLE. 

DURING GROUND CHECKOUT, LAUNCH OPERATIONS, AND DURING SIVB COAST PERIODS; THE HYDRAULIC CONTROL SYSTEM ENABLES 

THE ENGINES TO BE PROPERLY CENTERED OR ALLOWS ENGINE GIMBALLING TO PREDETERMINED POSITIONS DURING TESTS. 

HYDRAULIC CONTROL SYSTEM COMPONENTS 

THE HYDRAULIC SYSTEMS HARDWARE LOCATED ON THE SIVB STAGE CONSISTS OF 4 MAJOR COMPONENTS. THEY ARE THE ENGINE DRIVEN PUMP, 

AND THE AUXILIARY HYDRAULIC PUMP (AHP), THE ACCUMULATOR RESERVOIR, AND 2 ACTUATORS, WHICH·CONTAIN 2 SERVO CONTROL VALVES. 

ENGINE DRIVEN PUMP 
THE ENGINE DRIVEN PUMP SUPPLIES HYDRAULIC PRESSURE FOR POSITIONING THE ACTUATORS DURING ENGINE BURN OPERATION ONLY. THE 

PUMP IS MOUNTED ON THE LOX TURBINE GAS COLLECTOR DOME AND IS MECHANICALLY POWERED BY THE TURBINE SHAFT. 

IT IS A YOKE TYPE VARIABLE DELIVERY PUMP RATED AT 8 gpm AT 8000 rpm AND OFFERS HIGH EFFICIENCY EVEN UNDER VERY LOW DELIVERY 

OPERATING CONDITIONS. 

AUXILIARY HYDRAULIC PUMP (AHP) 
THE AHP IS A FIXED ANGLE, VARIABLE DELIVERY PUMP RATED AT 1.5 gpm AT A FULL LOAD SPEED OF 10,200 r pm. THE AHP IS DRIVEN BY A 56 

voe MOTOR AND PROVIDES HYDRAULIC PRESSURE THAT AUGMENTS THE ENGINE DRIVEN PUMP DURING SIVB POWERED FLIGHT AND IS THE ONLY 

SOURCE OF HYDRAULIC PRESSURE DURING UNPOWERED FLIGHT AND GROUND CHECKOUT. DURING THESE TIMES, THE AHP TOGETHER WITH THE 

POWER STORAGE CAPABILITY OF THE ACCUMULATOR ALLOWS ONLY LIMITED ACTUATOR RESPONSES TO BE MADE. FULL RANGE TESTS DURING 

VEHICLE TESTS REQUIRES THE USE OF A HYDRAULIC SERVICER (A3 OR A45 ONLY). THE AHP IS TURNED ON BEFORE LIFTOFF AND IS OPERATED 

CONTINUOUSLY DURING BOOST. 

AC CUM ULA TOR - RESERVOIR 

THE ACCUMULATOR RESERVOIR STORES THE HYDRAULIC SYSTEM FLUID AND DAMPS OUT PRESSURE SURGES IN THE SYSTEM CAUSED BY PUMP 

START/ STOP, OR ACTUATOR DEMANDS. DAMPING IS ACCOMPLISHED BY THE ACCUMULATOR PISTON. THIS PISTON IS BALANCED BY PRESSURIZED 

NITROGEN ON ONE SIDE AND HIGH PRESSURE OIL ON THE OTHER. PRESSURE INCREASES IN THE HYDRAULIC FLUID FURTHER COMPRESS THE 

NITROGEN THUS ABSORBING PRESSURE SURGES. THE PRESSURIZED NITROGEN ALSO EXERTS PRESSURE ON THE RESERVOIR PISTON THUS PRO

VIDING INITIAL PRESSURE HEAD TO THE HYDRAULIC PUMPS THEREBY PREVENTING PUMP CAVITATION AT AHP START. 
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13.2.2.1 

13.2.2.2 

13.2.2.3 

13.2.2.4 

ACTUATORS . 
TWO ACTUATORS (PITCH AND YAW) LOCATED 90 DEGREES APART WITH RESPECT TO THE LONGITUDINAL SIVB AXIS IS THE POWER CONTROL UNIT 
FOR CONVERTING ELECTRICAL COMMAND SIGNALS AND HYDRAULIC POWER INTO MECHANICAL OUTPUTS. BY EITHER EXTENDING OR RETRACTING 
INDEPENDENTLY OF EACH OTHER, THE ACTUATORS ENABLE POSITIONING OF THE J2 ENGINE THUS PROVIDING THRUST VECTOR STEERING TO THE 
DESIRED ATTITUDE TRAJECTORY. THE POSITIONING IS IN RESPONSE TO COMMAND SIGNALS RECEIVED FROM THE GUIDANCE SYSTEM OF THE 
SATURN V VEHICLE. 

CRITICAL MEASUREMENTS 
GENERAL 
DURING LAUNCH COUNTDOWN, 8 OF THE 16 HYDRAULIC SYSTEM MEASUREMENTS (16 ON 503 AND 14 ON 504 AND SUBS) ARE CLASSIFIED AS REDLINE 
MEASUREMENTS. FOR THESE 8 PARAMETERS, TROUBLESHOOTING FLOWCHARTS HAVE BEEN PREPARED AND ARE TO BE USED AS AIDS IN SYSTEM
ATICALLY ISOLATING THE CAUSE OF REDLINE VIOLATIONS. 

REDLINE MEASUREMENTS 

D-41 PRESS-HYDRAULIC SYSTEM 
MEASUREMENT D41 IS A REDLINE PARAMETER WHENEVER THE AHP IS OPERATIVE. PRESSURE READINGS IN EXCESS OF ITS ALLOWABLE REDLINE 
LIMITS MAY BE SYMPTOMATIC OF SERIOUS LEAKAGE PROBLEMS OR PUMP PROBLEMS THAT MAY RESULT IN MISSION FAILURE. THE PRESSURE 
TRANSDUCER FOR THE MEASUREMENT IS LOCATED IN THE OIL SECTION OF THE ACCUMULATOR. WHENEVER THE AHP IS ENERGIZED, D41 INCREASES 

. TO THE ACCUMULATOR GN2 PRECHARGE OF 2350 PSIA IMMEDIATELY AND INCREASES TO ITS NORMAL OPERATING PRESSURE OF 3515 TO 3665 PSIA. 
REDLINE VALUES ARE 3400 (MIN) AND 3750 PSIA (MAX) . WHEN THE AHP IS DE-ENERGIZED, D41 DECREASES AT A CONSTANT RATE TO THE GN2 PRE
CHARGE VALUE IN 1 MINUTE OR LESS, THEN DROPS INSTANTLY BELOW 1500 PSIA DUE TO THE PRESSURE TRANSDUCER'S RANGE LIMITATIONS. THE 
RESERVOIR OIL PRESSURE D42 IS A FUNCTION OF D41 (SYSTEM OIL PRESS.) AS FOLLOWS: D41 = D42 X 21.6. 

D-42 PRESSURE - RESERVOIR OIL 
MEASUREMENT D42 GIVES AN INDICATION OF THE RETURN HYDRAULIC OIL PRESSURE. REDLINE VALUES ARE APPLICABLE WHENEVER THE AHP IS 
OFF. REDLINE VALUES ARE NOT APPLICABLE WHEN THE AHP IS ON BECAUSE 041 (SYSTEM PRESSURE) PROVIDES THE INDICATIONS FOR HYDRAULIC 
OIL PRESSURE WHEN THE AHP IS ON. SINCE 042 IS A FUNCTION 043 WHEN THE PUMPS ARE OFF, PRESSURE WILL NORMALLY REMAIN ABOVE 73 PSIA. 
ARE OFF, PRESSURE WILL NOT NORMALLY DECREASE BELOW 73 PSIA. HOWEVER, BECAUSE D43 (GN2 PRESSURE) IS TEMPERATURE DEPENDENT, 
TEMPERATURE VARIATIONS MAY CAUSE PRESSURE EXCURSIONS IN 042 TO THE MINIMUM REDLINE LIMIT OF 45 PSIA. THE MINIMUM PRESSURE LIMIT 
WITH AHP OFF WAS ESTABLISHED TO INSURE ADEQUATE PRESSURE TO PREVENT CAVITATION OF THE AHP AT PUMP START AND ALSO TO INSURE A 
USABLE GN2 ACCUMULATOR PRECHARGE. 
L-7 LEVEL RESERVOIR OIL 
MEASUREMENT L7 PROVIDES INDICATION OF THE RESERVOIR OIL LEVEL. A LOW INDICATION MAY INDICATE FLUID LEAKAGE AND/ OR DEPLETION. 
THE REDLINE IS APPLICABLE WITH PUMPS ON OR OFF. REDLINE VALUES WITH PUMPS ON IS 6 °/o MINIMUM WITH NO MAXIMUM LIMITS. WITH THE 
AHP OFF, THE REDLINE VALUE IS A FUNCTION OF C51 (RESERVOIR OIL TEMP) . DURING PRELAUNCH CONDITIONS THE MEASUREMENT IS STEADY 
ABOVE 83 °/0 (REDLINE LEVEL WITH RESERVOIR OIL TEMP AT 70° F ) . DURING THERMAL/ TEST CYCLES AND AT AHP FLIGHT MODE ON COMMAND, 
L7 DECREASES TO OPERATING VALUE OF 20 TO 30°/o . A SLIGHT INCREASE MAY BE SEEN, DUE TO A RISE IN GN2 TEMPERATURE (DECREASING 
ACCUMULATOR OIL VOLUME) AND ALSO DUE TO FLUID HEATING WITH ATTENDANT EXPANSION. 

C-50 TEMP. ENG DRIVEN PUMP INLET 
THE MINIMUM LIMIT OF -25oF WAS ESTABLISHED TO PREVENT HYDRAULIC OIL SOLIDIFICATION. DURING NORMAL CHECKOUT, Al !LIMIT OF 160°F IS 
USED TO PREVENT EXPANSION OF THE HYDRAULIC FLUID THAT WILL RESULT IN VENTING THROUGH RELIEF VALVES OF EXCESSIVE AMOUNTS OF 
FLUID CAUSING THE RESERVOIR OIL LEVEL TO FALL BELOW AN ACCEPTABLE VOLUME PRIOR TO AHP TURN ON. 

DURING PRELAUNCH, C50 IS VARIABLE BETWEEN -20 TO 160°F DEPENDING ON THE INTERSTAGE ENVIRONMENTAL CONDITIONING AND THERMAL 
TEST CYCLES. THERE IS A STEADY RISE IN TEMPERATURE FROM AHP FLIGHT MODE ON COMMAND THROUGH LIFTOFF. 
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13.2.2.5 

1 3.2.2. 7 

1 3.2.2.8 

C-51 TEMP, RESERVOIR OIL 
C51 IS A REDLINE PARAMETER WHENEVER THE A l-I P IS INOPERATIVE. ITS REDLINE LIMITS ARE A FUNCTION OF MEASUREMENT L7 (RESERVOIR 

LEVEL) . T HE MINIMUM LIMIT W ITH THE A H P OFF WAS ESTABLISHED BY ADDING THE ACCUMULATOR OIL VOLUME TO T HE MINIMUM LIMI T 

REQUIRED WITH T HE PUMP '' ON " . MAINTAINING THESE LIMITS GUARDS AGAINST MISSION FAILURE DUE T O EXCESSIVE OIL LEAKAGE AND/ OR 

DEPLETION. C51 REPRESENTS THE TEMPERATURE OF THE LARGEST BULK OF FLUID (APPROXIMATELY ONE THIRD OF THE TOTAL) IN THE 

SYSTEM WHEN T H E PUMPS ARE OFF. IT IS USED TO BIAS THE L7 REDLINE FOR OIL THERMAL EXPANSION PRIOR TO LIFTOFF. WHEN A 

HYDRAULIC PUMP IS ON . FLUID TENDS TO STRATIFY IN T H E RESERVOIR AND BECAUSE THE RESERVOIR STRUCTURAL MASS IS LARGE RELA T IVE 

TO THE FLUID VOLUME. C51 IS NO LONGER AN INDICATION OF SYSTEM FLUID TEMPERATURE AND C 50 (TEMP. ENG . DRIVEN PUMP INLET IS USED 

AS AN INDICATION OF SYSTEM TEMPERATURE. 

G-1 POSITION - ACTUATOR PISTON PITCHI PITCH 

T H E TRANSDUCER FOR MEASUREMENT Gl IS A FEEDBACK POTENTIOMETER LOCATED IN THE ACTUATOR. THE POTENTIOMETER WIPER MOVES 

WITH THE ACTUATOR PISTON. ACTUATOR ROD LENGT H S ARE ADJUSTED TO OBTAIN READING WITHIN+ 0.5 DEGREE WITH THE J2 ENGINE CENTERED. 

AS THE ENGINE IS GIMBALLED BY IU COMMANDS, THE POTENTIOMETER MEASURES THE DEGREE OF MOVEMENT BY THE ACTUATOR PISTON AS IT 

EXTENDS OR RETRACTS. WITH HYDRAULIC SYSTEM PRESSURE (041 ) GREATER THAN 1700 PSIA AND WITH A NULL COMMAND TO THE ACTUATOR 

SERVO VALVE, THE ACTUATOR WILL CENTER ITSELF AUTOMATICALLY. REDLINE LIMITS FOR THE MEASUREMENTS WITH NO 1.U. COMMANDS 

GIVEN ARE O ± 1.5 DEGREES. EXCEEDING THIS LIMIT MAY BE AN INDICATION OF A POSSIBLE MALFUNCTION IN THE ACTUATOR SERVO SYSTEM. 

G-2 POSITION - ACTUATOR PISTON YAW 

DESCRIPTION IN PARAGRAPH 13. 2.2.7 APPLIES. 
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14.0 AUXILIARY PROPULSION SYSTEM 

1 4. 1 SYSTEM DESCRIPTION 
I. MECHANICAL 

A. GENERAL 
THE APS PROVIDES FOR ATTITUDE CONTROL OF THE STAGE DURING ALL OPERATIONAL PHASES OF S-IVB- V FLIGHT. THE SUBSYSTEM 
ALSO INCORPORATES A PROPELLANT SETTLING CAPABILITY REQUIRED FOR ENGINE RESTART AFTER COAST AND FOR DAMPING OF STAGE 
PROPELLANT TRANSIENTS AT THE END OF THE FIRST J - 2 ENGINE BURN AND J-2 ENGINE RESTART AFTER COAST. 

SUBSYSTEM COMPONENTS ARE CONTAINED IN TWO SEPARATE MODULES PLACED 180 DEGREES APART ON THE AFT SKIRT. EACH M0DULE 
CONTAINS HYPERGOLIC LIQUID Bl- PROPELLANT ENGINES, A POSITIVE EXPULSION PROPELLANT FEED SUBSYSTEM, AND A HELIUM PRESSUR-
IZATION SUBSYSTEM (FIGURES 7 AND 8) . THE ENGINE CLUSTER IN EACH MODULE CONSISTS OF THREE 150- POUND ATTITUDE CONTROL 
ENGINES (ONE FOR PITCH CONTROL AND TWO FOR YAW OR ROLL CONTROL) , AND ONE 70- POUND ULLAGE SETTLING ENGINE. 

THE APS MODULES RECEIVE COMMAND SIGNALS FROM THE IU VIA THE CONTROL RELAY PACKAGE AND PERFORM STAGE FUNCTIONS AS 
FOLLOWS: 

A. ROLL CONTROL DURING J-2 ENGINE BURN 
B. ATTITUDE STABILIZATION AFTER BURNOUT 
C. MANEUVERING ATTITUDE CONTROL 

SIGNALS FROM THE IU VIA THE SWITCH SELECTOR AND THE FLIGH T SEQUENCER PROVIDE PROPELLANT SETTLING (FIRST BURN CUTOFF 
AND SECOND BURN START) CAPABILITY. 

THE MODULES ARE SEPARATE DETACHABLE ITEMS AND CAN BE TREATED AS REPLACEABLE UNITS. AS INDIVIDUAL UNITS, EACH MODULE 
PERMITS CHECKOUT TESTING TO SIMULATE OPERATING PRESSURES EXPECTED DURING FLIGHT. 

EACH MODULE CONTAINS ITS OWN PROPELLANT SUPPLY AND PRESSURIZATION SUPPLY. FUEL USED BY THE APSIS MONOMETHYLHYDRAZINE, 
(MMH-MIL- P- 27404) . THE OXIDIZER IS NITROGEN TETROXIDE, (N204 - MIL- P- 28539A) . FUEL DENSITY IS 54.6 LB/FT3 AT 70° F OXIDIZER 
DENSITY IS 90.1 LB/ FT3 AT 70° F. PROPELLANTS ARE STORED IN TWO SEPARATE TANKS EQUIPPED WITH POSITION EXPULSION BLADDERS 
FOR PROPELLANT TRANSFER IN "ZERO G" CONDITIONS. REGULATED TRANSFER PRESSURE (APPROXIMATELY 200 PSID) IS SUPPLIED BY A 
HELIUM SUPPLY TANK. 

THE 150 POUND THRUST ENGINES IN THE APS MODULES ARE USED FOR ATTITUDE CONTROL ONLY. TWO 150 POUND THRUST ENGINES IN EACH 
MODULE CONTROL ROLL AND/OR YAW. ONE 150 POUND THRUST ENGINE IN EACH MODULE IS USED TO CONTROL PITCH. A 70 POUND ENGINE 
IN EACH MODULE PROVIDES THRUST FOR MAINSTAGE LOX AND LH2 PROPELLANT SETTLING DURING COAST. THE IU PROVIDES ALL FIRING 
COMMANDS. THESE COMMANDS ACTUATE FUEL AND OXIDIZER SOLENOID VALVES TO RELEASE HYPERGOLIC PROPELLANTS TO THE ENGINES. 

ROLL DEVIATION IS CORRECTED BY FIRING AN ENGINE IN EACH MODULE, BOTH SIMULTANEOUSLY IN OPPOSITE DIRECTIONS. YAW CORRECTION 
IS ACCOMPLISHED BY FIRING TWO ENGINES SIMULTANEOUSLY, ONE IN EACH OF THE MODULES , IN THE DIRECTION OPPOSITE THE ERROR. 
PITCH CORRECTION IS PROVIDED BY FIRING ONE OF THE TWO APS PITCH ENGINES IN THE DIRECTION OPPOSING THE ERROR. FOR PROPELLANT 
SETTLING, THE 70 POUND ENGINE IN EACH MODULE ARE FIRED SIMULTANEOUSLY. 
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B. APS OPERATION 

C. 

THE APS MODULES ARE ENABLED IN FLIGHT AFTER THE LOWER STAGE RETROROCKETS HAVE BEEN IGNITED. FIRST COMMAND ACTUATION 

OF THE APS OCCURS JUST PRIOR TO J-2 ENGINE FIRST BURN START TO PROVIDE STAGE ROLL CONTROL DURING ENGINE BURN. THE SINGLE 

J-2 ENGINE PERFORMS PITCH AND YAW CONTROL ONLY. 

THE OXIDIZER AND FUEL TANKS UTILIZE SEPARATE TEFLON BLADDER MEMBRANES TO CONTAIN THE LIQUIDS AND ENABLES EXPULSION OF 

PROPELLANT UNDER "ZERO G" CONDITIONS. 

HELIUM, INITIALLY FILLED TO 3100 PSIA, IS REGULATED TO 196 ± 3 PSID TO TRANSFER PROPELLANTS FROM EACH PROPELLANT TANK TO 

THE ENGINE. DURING PROPELLANT FLOW, THE LIQUID PASSES OUT OF EACH TANK THROUGH THE RESPECTIVE STANDPIPE AND ENGINE MANI

FOLD FOR INJECTION INTO THE ENGINES ON COMMAND. 

COMMANDS FOR ENGINE OPERATION ARE PROVIDED BY THE 1.U. OUTPUT FROM A GUIDANCE PLATFORM INDICATING MEASURED VEHICLE 

ATTITUDE IS RECEIVED BY THE 1.U. AND A COMPARISON IS MADE WITH THE DESIRED OR PROGRAMMED ATTITUDE. 

IF A DEVIATION EXISTS, THE 1.U. GIVES THE REQUIRED COMMANDS VIA THE CONTROL RELAY PACKAGE TO THE APS ENGINE INJECTOR VALVES 

FOR CORRECTION PROPORTIONAL TO THE MAGNITUDE OF THE DEVIATION. THE ATTITUDE ENGINES ARE NORMALLY OPERATED IN SHORT 

PULSE TYPE BURSTS OF NOT LESS THAN 0.65 MILLISECONDS. CONTINUOUS ENGINE OPERATION IS POSSIBLE, HOWEVER, LIMITED ONLY BY 

THE AMOUNT OF FUELS AVAILABLE. 

AT J-2 ENGINE FIRST BURN CUTOFF, THE APS PITCH AND YAW CONTROL IS ACTIVATED AND ALL CONTROL (ROLL, PITCH, AND YAW) REMAINS 

ACTIVE THROUGHOUT THE COAST PHASE. AT J-2 ENGINE RESTART THE PITCH AND YAW MODE IS DE-ACTIVATED. 

THE APS ULLAGE (PROPELLANT SETTLING) ENGINES (ONE IN EACH MODULE) ARE FIRST ENABLED DURING THE J-2 ENGINE FIRST BURN CUT

OFF TRANSIENT TO PREVENT UNDESIRABLE STAGE PROPELLANT MOVEMENT. FIRING CONTINUES FOR APPROXIMATELY 50 SECONDS, THROUGH 

THE ENGINE CUTOFF TRANSIENT DECAY AND THE ACTIVATION OF THE LH2 TANK PROPULSIVE VENT SYSTEM. THIS CONTINUOUS VENT ASSURES 

THAT THE LOX AND LH2 STAGE PROPELLANTS ARE MAINTAINED IN A SETTLED AFT POSITION FOR COAST. USE OF THE OXYGEN HYDROGEN 

BURNER IN THE THRUSTING MODE CAN BE UTILIZED TO AUGMENT THE PROPULSIVE VENT SUBSYSTEM IN MAINTAINING SETTLED PROPELLANTS 

AS REQUIRED. THE APS ULLAGE ENGINES ARE AGAIN ENERGIZED AT THE END OF COAST PRIOR TO RESTART CHILLDOWN. AT THIS TIME THE 

PROPULSIVE VENT SUBSYSTEM USED FOR SETTLING IS DEACTIVATED AND THE STAGE FUEL TANK IS REPRESSURIZED. PROPELLANT SETTLING 

IS THUS ASSURED THROUGHOUT COAST AND ENGINE RESTART. THE PITCH AND YAW MODE IS RE-ACTIVATED AFTER J-2 ENGINE SECOND BURN 

CUTOFF TO MAINTAIN ATTITUDE DURING TRANSLUNAR COAST. IT SHOULD BE NOTED THAT PROPELLANT SETTLING FOR FIRST BURN START IS 

PROVIDED BY ULLAGE SOLID ROCKETS. 

SERVICE OPERATIONS 
PRIOR TO NORMAL LAUNCH COUNTDOWN OPERATIONS, EACH MODULE IS SERVICED AND FILLL ED. 

PROPELLANT LOADING IS ACCOMPLISHED THROUGH CONNECTIONS IN THE AFT END OF THE APS MODULE. THE BLADDER, DURING FILLING, 

MUST BE IN A FULLY EXPANDED POSITION. A DIFFERENTIAL PRESSURE IS MAINTAINED THROUGHOUT THE OPERATION TO ASSURE THAT 

BLADDER POSITION IS MAINTAINED. 

AT THE INITIATION OF FILLING, A RECIRCULATION FLdW IS ALSO ESTABLISHED INTO THE PROPELLANT LINES AND OUT THROUGH THE 

RECIRCULATION LINES. FILLING IS CONTINUED UNTIL ALL GAS IS EXPELLED FROM THE PROPELLANT SUBSYSTEM. A FILLED TANK AND 

SUBSYSTEM IS DETERMINED BY MONITORING FOR A GAS FREE FLOW FROM THE RECIRCULATION LINES. WHEN THE TANK AND SUBSYSTEMS 

ARE TOTALLY FILLED, THE PROPELLANT TANK IS OFF LOADED TO PROVIDE THE REQUIRED ULLAGE VOLUME. 

HELIUM IS LOADED INTO THE MODULE THROUGH A PNEUMATIC SERVICE LINE THROUGH THE S,TAGE "FLY AWAY" UMBILICALS. 
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D. MAJOR SUBSYSTEMS 

1. GENERAL ' 
THE APS MODULE IS COMPRISED OF THREE MAJOR SUBSYSTEMS: HELIUM PRESSURIZATION, POSITIVE EXPULSION PROPELLANT 

FEED TANKS, AND ENGINES. THE HELIUM PRESSURIZATION SUBSYSTEM SUPPLIES AND REGULATES THE FLOW OF PRESSURIZED 

HELIUM TO THE ULLAGE SIDE OF THE POSITIVE EXPULSION BLADDER IN THE PROPELLANT TANKAGE. THE POSITIVE EXPULSION 

BLADDER PROVIDES PROPELLANT (FUEL AND OXIDIZER) AT THE REQUIRED PRESSURES, ON DEMAND, TO THE ENGINES UNDE R 

ZERO OR RANDOM GRAVITY ENVIRONMENTS. THE APS ENGINES PROVIDE THE NECESSARY THRUST FOR ATTITUDE CONTROL AND 

MANEUVERING OF THE STAGE OR FOR PROPELLANT SETTLING. A DESCRIPTION OF EACH OF THESE SUBSYSTEMS AND THEIR 

RELATED COMPONENTS IS PRESENTED IN THE FOLLOWING PARAGRAPHS. 

2. HELIUM PRESSURIZATION 

A. GENERAL 

THE PRESSURIZATION SUBSYSTEM INITIALLY STORES HELIUM AT A PRESSURE OF 3100 + 100 PSIG, AND REGULATES THIS PRESSURE 

THROUGH TWO REGULATORS, FOR PROPELLANT TANK ULLAGE PRESSURIZATION. THESE REGULATORS ARE CONNECTED IN SERIES AND 

FUNCTION BY SENSING THE REGULATOR DOWNSTREAM PRESSURE. SINCE A COMMON PRESSURIZATION SUBSYSTEM IS USED, QUAD

RUPLE CHECK VALVES ARE EMPLOYED BETWEEN THE REGULATOR AND PROPELLANT TANKAGE FOR ASSURANCE THAT HYPERGOLICS 

WILL NOT MIX IN THE PRESSURIZATION SUBSYSTEM. 

THE HELIUM FILL CHECK VALVES PROVIDE RETENTION OF SUPPLY HELIUM. THE LOW-PRESSURE HELIUM MODULES PROVIDE GROUND 

VENTING CAPABILITIES OF PROPELLANT TANK ULLAGE PRESSURE AND THE HELIUM SYSTEM AS WELL AS A MEANS OF ESTABLISHING 

PNEUMATIC CONTROL OF THE EXPULSION BLADDER DURING LOADING AND CHECKOUT. GROUND AND FLIGHT RELIEF CAPABILITY IS 

ALSO PROVIDED THROUGH THE LOW-PRESSURE HELIUM MODULE. COMMAND VENTING CAPABILITIES DURING FLIGHT ARE NOT PRO

VIDED, ALTHOUGH THE PROPELLANT TANKS ARE PROTECTED FROM OVERPRESSURIZATION BY RELIEF VALVES IN THE LOW- PRESSURE 

HELIUM MODULES. ALL HELIUM ENTERING THE REGULATED PRESSURE SYSTEM IS FILTERED UPSTREAM OF THE REGULATORS. 

B. PRESSURIZATION COMPONENTS 

THE FOLLOWING PARAGRAPHS PROVIDE A DESCRIPTION OF COMPONENTS ASSOCIATED WITH THE APS PRESSURIZATION SUBSYSTEMS. 

C. HELIUM TANK 

THE HELIUM TANK STORES HIGH-PRESSURE HELIUM IN A VOLUME OF 925 CUBI C INCHES AND CONTAINS A TEMPERATURE PROBE FOR 

MONITORING HELIUM TEMPERATURE DURING OPERATION. HELIUM STORAGE PRESSURE IS MEASURED AT THE INLET OF THE REGULATOR. 

D. HELIUM REGULA TOR 

HELIUM STORED AT 3100 +100 PSIG IN THE TANK IS FED TO THE HELIUM REGULATOR ASSEMBLY. HELIUM GAS ENTERING THE ASSEMBLY 

FIRST PASSES THROUGH A FILTER AND THEN THROUGH TWO REGULATORS IN SERIES, BOTH OF WHICH SENSE DOWNSTREAM PRESSURE. 

THE PRIMARY REGULATOR ALLOWS THE PASSAGE OF GAS UP TO 196 ± 3 PSID WHILE THE SECONDARY REGULATOR ALLOWS THE PRESSURE 

OF GAS AT 200 ± 3 PSID. DURING NORMAL OPERATION, REGULATED PRESSURE IS MAINTAINED BY THE PRIMARY REGULATOR. SHOULD 

THE PRIMARY REGULATOR FAIL TO OPEN, THE SECONDARY REGULATOR CONTROLS THE HELIUM PRESSURE. AMBIENT PRESSURE SENSING 

PORTS, PROVIDED ON BOTH REGULATORS, FURNISH THE NECESSARY AMBIENT PRESSURE REFERENCES. THESE PORTS ARE_ ALSO USED 

TO CHECKOUT THE SECONDARY REGULATOR BY SIMULATING A PRIMARY REGULATOR FAILURE. PRESSURE TRANSDUCERS ARE INSTALLED 

IMMEDIATELY BEFORE AND AFTER THE REGULATORS TO MONITOR INLET AND OUTLET PRESSURES. REGULATED HELIUM IS FED THROUGH 

THE QUAD CHECK VALVES TO THE ULLAGE AREA OF THE FUEL AND OXIDIZER TANKS. 
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E. QUADRUPLE CHECK VALVES 

TWO SETS OF QUADRUPLE CHECK VALVES ARE EMPLOYED IN THE HELIUM PRESSURIZATION SUBSYSTEM: ONE SET IN THE FUEL TANK 

PRESSURIZATION LINE AND THE OTHER SET IN THE OXIDIZER TANK PRESSURIZATION LINE. THESE CHECK VALVES ARE PROVIDED AS 

A SAFETY FEATURE TO PREVENT CONTACT OF FUEL AND OXIDIZER VAPORS IN THE PRESSURIZATION SUBSYSTEM. 

EACH SET OF CHECK VALVES CONSISTS OF FOUR CHECK VALVES CONTAINED IN ONE BODY CONNECTED IN A SERIES-PARALLEL ARRANGE

MENT. FAILURE OF A CHECK VALVE SET REQUIRES OPEN FAILURE OF TWO CHECK VALVES IN SERIES OR CLOSED FAILURE OF TWO CHECK 

VALVES IN PARALLEL. 

F. LOW-PRESSURE HELIUM MODULE 

THE LOW-PRESSURE HELIUM MODULE CONSISTS OF A SOLENOID DUMP VALVE AND A RELIEF VALVE. TWO LOW-PRESSURE MODULES ARE 

EMPLOYED IN THE PRESSURIZATION SUBSYSTEM, ONE CONNECTED TO EACH PROPELLANT ULLAGE AREA. THE SOLENOID DUMP VALVE IS 

A NORMALLY CLOSED, DIRECT-ACTING VALVE WITH A DUAL (REDUNDANT) COIL. THIS VALVE PERFORMS NO FLIGHT FUNCTION AND IS 

EMPLOYED TO CONTROL THE PROPELLANT TANK ULLAGE DURING GROUND SERVICING AND CHECKOUT OPERATIONS. 

3. POSITIVE EXPULSION PROPELLANT FEED SUBSYSTEM 

A. GENERAL 
THE POSITIVE EXPULSION PROPELLANT FEED SUBSYSTEM ASSURES THAT HYPERGOLIC PROPELLANTS ARE SUPPLIED TO THE ENGINES 

UNDER "ZERO G" OR RANDOM GRAVITY CONDITIONS. THIS SUBSYSTEM CONSISTS OF TWO SEPARATE FUEL AND OXIDIZER PROPELLANT 

TANK ASSEMBLIES EACH CONTAINING A BLADDER FOR PROPELLANT EXPULSION, INDIVIDUAL PROPELLANT CONTROL MODULES THAT 

FILTER THE PROPELLANTS AND PROVIDE AUXILIARY PORTS FOR SUBSYSTEM SERVICING OPERATIONS, AND A PROPELLANT MANIFOLD 

FOR DISTRIBUTION OF PROPELLANTS TO THE ENGINES. A MORE DETAILED DESCRIPTION OF THESE COMPONENTS IS PRESENTED IN THE 

FOLLOW ING PARAGRAPHS. 

B. PROPELLANT TANK ASSEMBLY 

EACH TANK (OXIDIZER AND FUEL) CONSISTS OF AN OUTER TITANIUM PRESSURE VESSEL AND AN INTERNAL BLADDER FOR CONTAINING 

THE PROPELLANT. THE FLEXIBLE TEFLON BLADDER PROVIDES A SEPARATION MEMBRANE BETWEEN THE PRESSURIZATION GAS (ULLAGE) 

AND THE PROPELLANT AND PROVIDES A METHOD OF TRANSFERRING PROPELLANT UNDER A "ZERO G" ENVIRONMENT. THE BLADDER 

SERVES TO ENCAPSULATE THE LIQUID IN THE TANK. THE ULLAGE SPACE BETWEEN THE TANK AND BLADDER IS PRESSURIZED WITH 

HELIUM GAS TO PROVIDE THE EXPULSION PRESSURE NECESSARY FOR PROPELLANT FLOW. 

A STANDPIPE IS LOCATED IN THE CENTER OF THE TANK ASSEMBLY WI THIN THE BLADDER. HOLES ARE LOCATED RADIALLY ALONG THE 

LENGTH OF THE STANDPIPE THROUGH WHICH THE PROPELLANT PASSES DURING EXPULSION AS WELL AS DURING FILLING. THE DESIGN 

ASSURES THAT PROPELLANT CAN BE EXPELLED REGARDLESS OF THE PROPELLANT MASS LOCATION WITHIN THE TANK. 

THE PROPELLANT ULLAGE VOLUME IS CONNECTED TO THE LOW PRESSURE HELIUM MODULE WHICH CONTAINS A RELIEF VALVE AND 

SOLENOID VENT. THE RELIEF VALVE ASSURES THAT THE TANK ASSEMBLY WILL NOT BE OVERPRESSURIZED. THE SOLENOID VENT 

VALVE PROVIDES GROUND SERVICING CONTROL. 

TO PREVENT EXCESSIVE EXPANSION AND CONTRACTION CYCLES ON THE BLADDER, PROVISIONS ARE MADE TO MAINTAIN THE BLADDER 

IN A FULLY-EXPANDED POSITION DURING ALL SERVICING OPERATIONS. A GSE KIT IS PROVIDED TO MONITOR PRESSURE DIFFERENTIAL 

ACROSS THE BLADDER. 
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4. 

C. PROPELLANT CONTROL MODULES 

THE TWO PROPELLANT CONTROL MODULES FILTER THE PROPELLANTS AND PROVIDE ACCESS INTO THE PROPELLANT SUBSYSTEM 

FOR SERVICING. EACH MODULE CONTAINS A PROPELLANT TRANSFER VALVE, A RECIRCULATION VALVE, TWO FACILITY LINE PURGE 

CHECK VALVES, AND A FILTER. THE FLIGHT FUNCTION PERFORMED BY THE MODULES IS FILTRATION OF PROPELLANTS GOING TO 

THE ENGINES. THE PROPELLANT TRANSFER VALVE IS A DIRECT OPERATING, NORMALLY CLOSED SOLENOID VALVE. THE T RANSFER 

VALVE CANNOT BE OPENED BY APPLICATION OF POWER IF THE SUBSYSTEM PRESSURE EXCEEDS THE GROUND SUPPLY PRE SSURE BY 

MORE THAN 10 PSI, AND THE TRANSFER VALVE WILL NOT CLOSE OR REMAIN CLOSED IF THE GROUND SUPPLY PRESSURE EXCEEDS 

SUBSYSTEM PRESSURE BY MORE THAN 40 PSI. THIS VALVE IS PRIMARILY EMPLOYED TO FILL AND DRAIN THE APS MODULE . 

THE PROPELLANT RECIRCULATION VALVE IS A DIRECT ACTING, NORMALLY CLOSED SOLENOID VALVE WITH TWO INDEPENDENT 

POPPETS AND SEATS. THE TWO-POPPET DESIGN ISOLATES THE ENGINE RECIRCULATION LINE FROM THE TANK RECIRCULATION 

LINE REQUIRING THAT ALL PROPELLANT FLOWING TO THE ENGINE WILL PASS THROUGH THE FILTER. THE FILTER HAS A 10-MICRON 

NOMINAL AND 25-MICRON ABSOLUTE RATING. 

D. PROPELLANT MANIFOLD 

THE PROPELLANT MANIFOLD DELIVERS PROPELLANT TO THE ENGINE FROM THE PROPELLANT CONTROL MODULE AND PROVIDES 

A SECONDARY PATH FOR THE CIRCULATION OF PROPELLANT THROUGH THE ENGINE VALVES AND BACK TO THE CONTROL MODULE. 

THE MANIFOLD EMPLOYS MARMEN CONOSEAL FLANGES TO CONNECT TO THE ATTITUDE CONTROL ENGINES, AND MC FITTINGS TO 

CONNECT TO THE PROPELLANT CONTROL MODULES AND 70 POUND THRUST ULLAGE ENGINE. 

ATTITUDE CONTROL AND ULLAGE ENGINES 

A . GENERAL 

THREE 150 POUND THRUST ATTITUDE CONTROL ENGINES AND ONE 70 POUND ULLAGE ENGINE ARE EMPLOYED IN EACH APS MODULE. 

THESE ENGINES ARE ALL ABLATIVELY COOLED BY THE DECOMPOSITION OF REFRASIL FIBER. THE 150 POUND ENGINES EMPLOY 

QUADRUPLE PROPELLANT INJECTOR VALVES FOR REDUNDANT VALVE ACTION. THE ULLAGE ENGINE EMPLOYS ONLY SINGLE VALVES 

ON BOTH THE FUEL AND OXIDIZER LINES. 

THE THRUST CHAMBER IS COMPOSED OF FOUR NON-SEPARABLE UNITS; THE COMBUSTION CHAMBER, THE NOZZLE THROAT SECTION, 

THE NOZZLE EXPANSION CONE, AND THE INJECTOR. 

THE INJECTOR CONSISTS OF TWELVE PAIRS OF PROPELLANT ORIFICES ARRANGED TO MINIMIZE HOT SPOTS IN THE COMBUSTION 

CHAMBER. THE VALVE SIDE OF THE INJECTOR IS FILLED WITH SILVER BRAZE HEAT SINK WHICH INDUCES HEAT TRANSFER TO THE 

OXIDIZER AND FUEL AND REDUCES INJECTOR OPERATING TEMPERATURE. THE 70 POUND ENGINE HAS AN INJECTOR CONFIGURATION 

TO MINIMIZE OVERHEATING OF THE INJECTOR FACE AREA. 

THE ENGINES START, OPERATE, AND STOP, IN ANY ATTITUDE OVER AN ENVIRONMENTAL PRESSURE RANGE BETWEEN SEA LEVEL AND 

10-9 mm Hg. 

B. PROPELLANT VALVE ASSEMBLY (150 POUND THRUST ENGINES) 

THE PROPELLANT VALVE ASSEMBLY CONSISTS OF EIGHT NORMALLY CLOSED, QUAD REDUNDANT PROPELLANT VALVES (FOUR 

OXIDIZER AND FOUR FUEL), ARRANGED IN TWO SERIES PARALLEL ARRANGEMENTS. DUAL FAILURE WITHIN THE MANIFOLD FUEL OR 

OXIDIZER ARRANGEMENT IS REQUIRED TO CAUSE FAILURE OF THE ROCKET ENGINE ASSEMBLY. AN ASSEMBLY CLOSED FAILURE 

PREVENTS ANY ENGINE OPERATION WHILE AN ASSEMBLY OPEN FAILURE RESULTS IN CONTINUOUS FLOW AND LOSS OF ALL 

PROPELLANT. ASSEMBLY VALVE FAILURE CANNOT OCCUR UNLESS TWO VALVES FAIL OPEN IN SERIES OR TWO VALVES FAIL CLOSED 
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4. ATTITUDE CONTROL AND ULLAGE ENGINES (CONT) 

IN PARALLEL. THE INJECTOR VALVES PROVIDE POSITIVE ON-OFF CONTROL OF PROPELLANT FLOW UPON COMMAND FROM AN 

EXTERNAL POWER SOURCE. FOUR VALVES, INTEGRAL IN AN ASSEMBLY, ARE CAPABLE OF SIMULTANEOUS OPERATION AND ARE 

SYNCHRONIZED TO ALLOW FLOW OR TERMINATE FLOW WITHIN 3 MILLISECONDS OF EACH OTHER. THE OPENING TIME FOR EACH 

VALVE ASSEMBLY, DEFINED AS THE TIME FROM INITIATION OF THE OPEN SIGNAL TO A FULLY OPEN VALVE PACKAGE, DOES NOT 

EXCEED 23 MILLISECONDS. 

EACH VALVE PLUNGER AND SOLENOID CONSISTS OF A COMPLETE ASSEMBLY THAT MAY BE REMOVED FROM THE PROPELLANT 

VALVE ASSEMBLY TO ALLOW THOROUGH VALVE CLEANING AND SOLENOID REPLACEMENT. EACH VALVE ASSEMBLY (FOUR 

FUEL OR FOUR OXIDIZER VALVES) MAY BE REMOVED SEPARATELY FROM THE ROCKET ENGINE. ALL VALVE ASSEMBLIES ARE 

INTERCHANGABLE WITHIN THEIR OWN SUBSYSTEM; OXIDIZER WITH OXIDIZER AND FUEL WITH FUEL. ALL EXTERNAL LEAK PA THS, 

AT INDIVIDUAL SOLENOID COILS, ARE SEALED BY MARMAN CONOSEALS (EXCLUDING WELDED JOINTS) . 

C. PROPELLANT VALVE ASSEMBLY (70 POUND THRUST ENGINE) 

THE TWO PROPELLANT VALVE ASSEMBLIES EMPLOYED FOR THE ULLAGE ENGINE ARE ITEMS OF GFE AND ARE SINGLE ON- OFF 

VALVES. ONE CONTROLS THE OXYDIZER AND THE OTHER THE FUEL. THE VALVES DO NOT EMPLOY ANY REDUNDANT VALVING 

FEATURES AND FAILURE WOULD OCCUR WITH THE VALVES EITHER OPENED OR CLOSED. AN OPE N FAILURE WOULD CAUSE LOSS 

OF PROPELLANT, WHILE A CLOSED FAILURE WOULD INHIBIT ENGINE OPERATION. 

E. INCIDENTAL CONSIDERATIONS 

1. SYSTEM PURGES 

A. FUEL .(OXIDIZER) TRANSFER AND RECIRCULATION LINES PURGE 

THE FUEL (OXIDIZER) TRANSFER AND RECIRCULATION LINES ARE PURGED WITH GROUND-SUPPLIED GNz PRIOR TO FUEL 

(OXIDIZER) TANK PURGE, PRIOR TO AND IMMEDIATELY AFTER FUEL (OXIDIZER) TANK FILL, AND AFTER THE FUEL (OXIDIZER) 

TANK IS UNLOADED IN THE EVENT OF A LAUNCH ABORT. 

FACILITY GNz ENTERS THE APS THROUGH THE FUEX (OXIDIZER) LINE PURGE COUPLING. 

FLOW OF GNz THROUGH THE FUEL (OXIDIZER) TRANSFER LINE PURGE CHECK VALVE AND FUEL (OXIDIZER) TRANSFER COUPLING 

PURGES THE FUEL (OXIDIZER) TRANSFER LINE . THE FUEL (OXIDIZER) RECIRCULATION LINE IS PURGED BY A F L OW OF GNz THROUGH 

THE FUEL (OXIDIZER) RECIRCULATION LINE PURGE CHECK VALVE AND THE F UEL (OXIDIZER) RECIRCULATION COUPLING. 

B. FUEL (OXIDIZER) TANK PURGE 

THE FUEL (OXIDIZER) TANK PLENUM AND BLADDER A RE PURGED WIT H GROUND-SUPPLIED GN2 PRIOR TO FUEL (OXIDIZER) TAN K 

FILL AND IMMEDIATELY AFTER THE FUEL (OXIDIZER) IS UNLOADED IN THE EVENT OF A LAUNCH ABORT. 

PRIOR TO FUEL (OXIDIZER) TANK FILL, THE PLENUM IS PURGED BY A FLOW OF GN2 THROUGH THE FUEL (OXIDIZER) TANK BLA DDE R 

COLLAPSE AND VENT COUPLING , T HE PLENUM AND TO GSE TH ROUGH T HE FUE L (OXIDIZER) TANK FLUSH AND VENT OUTLET. T O 

PURGE THE BLADDER, THE NORMALLY- CLOSED FUEL (OXIDIZER) RECIRCULATION CONTROL SOLENOID VALVE IS OPENED AND A GN2 

PURGE E NTERS THRCXJGH THE FUEL (OXIDIZER) RECIRCULATION COUPLING, FLOWS THROUGH THE FUEL (OXIDIZER) RECIRCULATION 

CONTROL SOLENOID VALVE, AND ENTERS THE FUEL (OXIDIZER) TANK ASSEMBLY. THE PURGE GAS EXITS THROUGH THE NORMALLY 

CLOSED FUEL (OXIDIZER) TRANSFER CONTROL SOLESOID VALVE AND VENTS TO GSE THROUGH THE NORMALLY- CLOSED FUEL 

(OXIDIZER) TRANSFER COUPLING. A PORTION OF THE PURGE GAS ALSO FLOWS THROUGH THE FUEL (OXIDIZER) RECIRCULATION 

ORIFICE, FUEL (OXIDIZER) RECIRCULATION FILTER, THE ENGINE FUEL (OXIDIZER) BLEED PORTS, FUEL (OXIDIZER) FILTER AND 

EXITS THROUGH THE FUEL (OXIDIZER) TRANSFER CONTROL SOLENOID VALVE AND FUEL (OXIDIZER) TRANSFER COUPLING. AFTER 

PURGING FOR APPROXIMATELY TEN MINUTES (FIVE MINUTES WITH THE BLADDER COLLAPSED AND FIVE MINUTES WITH THE BLADDER 

EXPANDED, THE FUEL (OXIDIZER) TRANSFER CONTROL SOLENOID VALVE IS DE-ENERGIZED AND THE NORMALLY-CLOSED FUEL 

(OXIDIZER) FEED VALVES AND FUEL (OXIDIZER) SOLENOID VALVES (ULLAGE MOTOR) ARE OPENED. THE PURGE IS THEN ROUTED 

THROUGH THE FUEL (OXIDIZER) RECIRCULATION CONTROL SOLENOID VALVE, FUEL (OXIDIZER) TANK ASSEMBLY, FUEL (OXIDIZER) 

RECIRCULATION FILTER, FUEL (OXIDIZER) SOLENOID VALVES, AND INJECTORS TO THE ATMOSPHERE. 
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2. 

B. FUEL (OXIDIZER) TANK PURGE 

IN THE EVENT OF A LAUNCH ABORT, THE FUEL (OXIDIZER) TANK ASSEMBLY IS DRAINED AND FLUSHED WITH FREON TRI-FLUORO 

(FREON T.F.) AND ISOPROPYL ALCOHOL. THIS FLUSH IS FOLLOWED BY A GN2 PURGE SIMILAR TO THAT USED PRIOR TO FUEL 

(OXIDIZER) TANK FILL. UPON COMPLETION OF THE PURGE, THE MODULE IS REMOVED FROM THE STAGE AND REPLACED. 

APS HELIUM REGULATOR (REF. FIG. 5) 

THE PRIMARY SENSE LINE IS COUPLED FROM PORT B (OUTLET) OF THE SECONDARY REGULATOR TO THE PRIMARY REGULATOR. 

THE SENSED PRESSURE, IF GREATER THAN THE REFERENCE AMBIENT PRESSURE (PORT D) PLUS THE PRESSURE RESULTING FROM 

SPRING COMPRESSION, CAUSES DOWNWARD MOTION OF THE PRIMARY PILOT PISTON. THE PRIMARY PILOT POPPET IS DRAWN 

CLOSER TO ITS SEAT AND RESTRICTS HELIUM FLOW TO THE TOP FACE OF THE PRIMARY MAIN PISTON. THIS RESULTS IN 

DECREASED PRESSURE ON THE TOP FACE OF THE MAIN PISTON AND ALLOWS THE ASSOCIATED SPRING TO MOVE THE MAIN PISTON 

UPWARD. AS THE MAIN PISTON DRAWS THE MAIN POPPET TOWARD ITS SEAT, HELIUM FLOW FROM INPUT PORT A TO THE OUTPUT 

OF THE MAIN REGULATOR IS DIMINISHED. THE RESULTING LOWER PRIMARY REGULATOR OUTPUT PRESSURE CAUSES LOWER 

SECONDARY REGULATOR OUTPUT PRESSURE (THE SECONDARY REGULATOR IS ASSUMED TO BE STATIC BECAUSE THE PRIMARY 

REGULATOR IS OPERATING). THIS PROCESS CONTINUES UNTIL THE PRIMARY SENSED PRESSURE COMPENSATES FOR SPRING 

COMPRESSION PLUS AMBIENT PRESSURE AND THE MAIN REGULA TOR IS CLOSED. 

II ELECTRICAL 

A. APS PORTION OF ENGINE DEFLECTION PANEL. 

NOTE: THIS PORTION OF NARRATIVE IS INCLUDED FOR THE PURPOSE OF DISTRIBUTING GENERAL INFORMATION ONLY. 

IT IS NOT PERTINENT TO THE TIME FRAME DURING WHICH RED LINES ARE APPLICABLE. 

THE ENGINE DEFLECTION PANEL CONTAINS LOGIC METERS AND LIGHTS NECESSARY TO DETERMINE REAL TIME ACTIVITY OF APS 

ATTITUDE CONTROL ENGINES (REF. FIG. 6). SEVEN MEASUREMENTS, FOUR FROM THE SIVB AND THREE FROM THE I.U. ARE USED 

TO DERIVE THIS INFORMATION. THE FOUR SIVB MEASUREMENTS ARE CURRENT TO THE QUAD VALVES ON APS ENGINES. THE 

THREE I.U. MEASUREMENTS ARE CURRENT TO THE RELAY COILS IN THE ATTITUDE CONTROL RELAY ASSEMBLIES. 

TABLE I SHOWS RELATIONSHIPS BETWEEN DETECTED ATTITUDE ERROR AND APS ENGINE RESPONSE. IN TABLE 1, E DESIGNATES 

ERROR, Y DESIGNATES YAW, P DESIGNATES PITCH, R DESIGNATES ROLL AND F DESIGNATES WHICH ENGINES FIRE TO CORRECT A 

DETECTED ERROR. 

FIGURE 1-"DEPICTS ORIENTATION OF THE APS ENGINES AND WILL AID IN INTERPRETATION OF TABLE L 

THE LOWER LEFTHAND CORNER OF THE ENGINE DEFLECTION PANEL HAS THREE METERS WHICH ENABLE THE OPERATOR TO DETER

MINE THE OPERATION OF THE APS SYSTEM. FIGURES 2 THRU 4 SHOW THE METER RESPONSES TO THE VARIOUS ATTITUDE ERROR 

CONDITIONS. 
EXAMPLE: (REF. FIGURE 2) 

THE PLATFORM DETECTS VEHICLE ATTITUDE. IF THE 1.U. INTERPRETS THE ATTITUDE TO HAVE A NEGATIVE 

YAW (-EY) ERROR, THE APSIS COMMANDED TO CORRECT VEHICLE YAW ATTITUDE BY ROTATING THE VEHICLE 

ABOUT THE YAW AXIS IN A POSITIVE DIRECTION. 

NOTE: ACTUALLY, THE PROCESS IS CONSIDERABLY MORE COMPLEX THAN PRESENTED HERE BECAUSE 

OF RATE AND DURATION OF COMMAND CONSIDERATION. HOWEVER, IT IS SUFFICIENT TO SAY APS 

ENGINES WILL BE FIRED A MINIMUM OF 0.065 SEC. WHEN CORRECTING ATTITUDE ERRORS. 

THE REMAINING COMPONENTS OF THE ENGINE DEFLECTION PANEL ARE SELF EXPLANATORY AND WILL NOT BE COVERED HERE. 
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-B. SPATIAL VALVE TELEMETERING AMPLIFIER 

THE TELEMETERING AMPLIFIERS (REF. FIG. 6) SUPPLY OUTPUTS DIRECTLY PROPORTIONAL TO THE AMOUNT OF CURRENT DELIVERED 

TO THE APS QUAD VALVES. EACH ATTITUDE CONTROL RELAY ASSEMBLY HAS AMPLIFIER 11 8 11 (ASSOCIATED WITH YAW AND ROLL) AND 

AMPLIFIER "A" (ASSOCIATED WITH PITCH). 

TRANSISTORS Q1, Q2, THE PRIMARY OF T1 AND ASSOCIATED COMPONENTS CONSTITUTE A 2KHz OSCILLATOR. THE OSCILLATOR OUTPUT 

IS COUPLED TO RECTIFIERS CR1, CR2, CR3 AND CR4. THE RECTIFIED SIGNAL IS DELIVERED TO RESISTORS R4, RS, Al WINDING A ND THE 

81 WINDING. IF THERE IS NO CONTROL WINDINGS (A4 AND 84) CURRENT BEING DELIVERED TO THE QUAD VALVES, THE REACTANCE OF 

At AND 81 IS BALANCED. SINCE R4 AND Rs HAVE IDENTICAL RESISTANCE THERE WOULD BE NO OUTPUT. IF THERE IS CONTROL WINDINGS 

CURRENT, THE FIELDS GENERATED BY COILS Al AID IN THE SATURATION OF CORE A WHILE 81 FIELDS OPPOSE SATURATION OF CORE B. 

SATURATION OF CORE A ALLOWS INCREASED CURRENT THROUGH R4 AND CONSEQUENTLY AN OUTPUT VOLTAGE TO TELEMETRY. THE 

OUTPUT VARIES FROM ZERO VOL TS FOR NO CONTROL WINDING CURRENT TO FIVE VOL TS FOR FULL CONTROL WINDING CURRENT. T HE 

82 AND A2 WINDINGS (CONTROLLED BY TRIMPOT) ARE USED TO ADJUST THE ZERO OUTPUT. THE A3 AND 83 WINDINGS COMPENSATE FOR 

VARIATIONS THE OSCILLATOR QUTPUT VOLTAGE. 

NOTE: THE INSTRUMENTATION FOR THE I.U. COMMANDS IS SIMILAR TO THAT DESCRIBED ABOVE. HOWEVER, THE OUTPUT 

IS 2.5VDC FOR ZERO CONTROL WINDING CURRENT AND GOES TO ZERO OR FULL SCALE - DEPENDING UPON THE 

COMMAND GIVEN. TABLE 2 GIVES THE RELATIONSHIPS BETWEEN COMMANDS AND 1.U. TELEMETRY OUTPUTS FOR 

MEASUREMENTS H3, H4 AND H5. 

C. VOLTAGE MONITOR CARD, M-571 lA (REF. FIG. 6) 

THE VOLTAGE MONITOR CARDS PROCESS SIX OF THE SEVEN ME A SUREMENTS MENTIONED IN PARAGRAPH A. THE OUTPUTS OF THE 

MONITOR CARDS AND THE SEVENTH MEASUREMENT CONTROL RELAY LOGIC THAT FEEDS A GROUP OF SIX LIGHTS (SEE . RIGHT SIDE 

OF FIG. 6) ON THE ENGINE DEFLECTION PANEL. EACH OF THE LIGHTS IS ASSOCIATED WITH A PARTICULAR APS ATTITUDE CONTROL 

ENGINE AND WILL LIGHT ONLY IF ITS ASSOCIATED ENGINE WAS COMMANDED TO FIRE AND RECEIVED CURRENT TO ITS QUAD VALVE S. 

THE KEY TO THE OPERATION OF THE VOLTAGE MONITOR CARDS IS THE FIELD EFFECTS TRANSISTOR. 

THE INITIAL APPLICATION OF POWER TURNS Q3 AND Q2B TRANSISTORS ON. THIS CLAMPS THE BASE OF Q4 TO GROUND AND PREVENTS 

IT FROM CONDUCTING. THE FIELD EFFECTS TRANSISTOR, Q1, IS BIASED BY ITS ASSOCIATED TRIMPOT. THE BIAS IS SUCH THAT Q1 

CONDUCTS ONLY BY DETECTING OVER HALF SCALE DEFLECTION FOR ITS ASSOCIAT ED MEASUREMENT. IF TRANSISTOR Q1 CONDUCTS, 

Q2A CONDUCTS AND Q3 IS CLAMPED OFF. THIS ALLOWS Q4 TO SUPPLY A GROUND TO ONE OF THE LOGIC RELAYS MENTIONED ABOVE. 

NOTE: SEE POWER DISTRIBUTION PORTION OF THIS DOCUMENT FOR DESCRIPTION OF M6797 PWR. ISOLATION BOARD. 

D. ATTITUDE CONTROL RELAY ASSEMBLY 

THE ATTITUDE CONTROL RELAY ASSEMBLIES CONTAIN (IN ADDITION TO THE TELEMETERING AMPLIFIERS DESCRIBED IN PARAGRAPH 

B) THE COMMAND RELAYS THROUGH WHICH CURRENT TO THE ATTITUDE CONTROL ENGINE QUAD VALVE IS DELIVERED. EACH ASSEMBLY 

CONTAINS TWELVE RELAYS. EACH ATTITUDE CONTROL ENGINE REQUIRES FOUR RELAYS TO CONTROL ITS QUAD VALVES. 

E. APS ULLAGE ENGINES 

EACH APS ASSEMBLY CONTAINS AN ULLAGE ENGINE. THEY ARE CONTROLLED BY SWITCH SELECTOR COMMANDS. 
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Ill ENVIRONMENTAL CONTROL SYSTEM - APS INTERFACE (REF. FIG. 10) 

SJVB AFT COMPARTMENT TEMPERATURE CONTROL IS ACCOMPLISHED BY TWO DUAL-ELEMENT THERMISTOR ASSEMBLIES LOCATED IN THE 

GASEOUS EXHAUST STREAM OF EACH APS MODULE. TWO ELEMENTS (ONE FROM EACH ASSEMBLY) ARE WIRED IN SERIES. ONE SUCH CIRCUIT 

JS USED.FOR TEMPERATURE CONTROL. THE OTHER IS USED FOR TEMPERATURE RECORDING. 

14.2 CRITICAL MEASUREMENTS 

I REDLINES 
A. TEMP-ATTITUDE CONTROL OXID. MOD. 2 (1 ) MEASUREMENT XC022-415 (XC132-414) 

APS MODULE 2 (1 ) OXIDIZER TEMPERATURE REDLINE LIMITS APPLY FROM LAUNCH VEHICLE POWER UP TO T - 15 MIN. THE REDLINE LIMITS 

ARE: 
MAXIMUM: 100°F 

MINIMUM: 75°F 

OTHER PERTINENT DATA CONCERNING THE MEASUREMENTS ARE AS FOLLOWS: 

RANGE: 0 TO 1 30°F 

BACKUPS: 
1. MEASUREMENT XC021-415 (TEMP-ATT CONTROL FUEL MOD. 2) IS BACKUP FOR XC022-415 

2. MEASUREMENT XC136-414 (TEMP-ATT CONTROL FUEL MOD. 1) IS BACKUP FOR XC132- 414 

CHANNEL ASSIGNMENTS (RED LINES AND BACKUPS) : 

MEASUREMENT CHANNEL 

XC022-415 C(D) Pl 80-11-05 

XC02t-415 C(D)Pl 80-11-07 

XCl 32-414 C(D)Pl 80-11-04 

XC136-414 C(D)PlB0-11-06-

B. PRESS - OXID. SUPPLY MANIFOLD MOD. 1 (2) MEASUREMENT VXD071-414 (VXD073-415) 

APS MODULE 1 (2) OXIDIZER MANIFOLD PRESSURE REDLINE LIMITS APPLY FROM SYSTEM PRESSURIZATION COMPLETE TO T - 11 SECONDS. 

THE REDLINE LIMITS ARE: 

MAXIMUM: 219 PSIA 

MINIMUM: 203 PSIA 

OTHER PERTINENT DATA CONCERNING THE MEASUREMENTS ARE AS FOLLOWS: 

RANGE: 0 TO 400 PSIA 

BACKUPS: 
1. MEASUREMENT VXD070- 414 (PRESS - APS MOD 1 F UEL SUPPLY MANIFOLD) IS BACKUP FOR VXD071 - 414 

2. MEASUREMENT VXD072- 415 (PRESS - FUEL SUPPLY MANIFOLD MOD. 2) JS BACKUP FOR VXD073-415. 

CHANNEL ASSIGNMENTS (REDLINES AND BACKUPS) 

MEASUREMENT CHANNEL 

VXD071-4t 4 

VXD070-414 

VXD073-415 

VXD072-415 

DPl 80-07-05 

DPl 80-07-02 

DPl 80-07-03 

DPl 80-07-04 

14-9 



C. PRESS -ATT. CONT. HE PRES TANK MOD 1 .(2) MEASUREMENT VXD035-414 (VXD036-415) 

APS 1 (2) HE TANK PRESSURE REDLINE LIMITS APPLY FROM SPHERE PRESSURIZATION COMPLETE TO T-11 SECONos: . THE REDLINE 

LIMITS ARE: 
MAXIMUM: 3200 PSIA 

MINIMUM: 2800 PSIA 

OTHER PERTINENT DATA CONCERNING THE MEASUREMENTS ARE AS FOLLOWS: 

RANGE: 0 TO 3500 PSIA 

BACKUPS: 
1. MEASUREMENT 0250-414 (PRESS - ATT. CONT. HE. PRES TANK 1) JS BACKUP FOR: VXD035-414 

2. MEASUREMENT 0251 - 415 (PRESS - ATT. CONT. HE. PRES TANK 2) JS BACKUP FOR: VXD036-414 

CHANNEL ASSIGNMENTS (RECLINES AND BACKUPS) 

MEASUREMENT CHANNEL 

VXD035-414 
0250-414 

VXD036-415 
0251-415 

DP1 80-1 3- 07 
DP 1 80-09-07 
DP1 80-1 3-09 
DP180-09-08 

REV.A 
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--RELAY MONITOR---
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S-IVB 
FIG 2 
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FIG. 3 
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FIG. 4 

ENGINE OUTPUT 

COMMANDED H3 H4 Hs 

Ip ZERO SCALE 2.5V 2.5V 

lllp FULL SCALE 2.5V 2.5V 

m,v 2.5V 2.5V FULL SCALE 

Ill II 2.5V 2.5V ZERO SCALE 

111 2.5V FULL SCALE 2.5V 

11v 2.5V ZERO SCALE 2.5V 

TABLE 2 

NOTE: FIGURES 2, 3&4 SHOW METER RESPONSES 
FOR POSITIVE COMMANDS (CORRECTING 
DETECTED NEGATIVE ERRORS) FOR YAW, 
PITCH & ROLL RESPECTIVELY. THOSE 
METERS DEFLECTED OFF ZERO WOULD 
REVERSE DEFLECTION FOR NEGATIVE 

COMMANDS. 

DETECTED ENGINE RESPONSES. 

ERROR Ip Iilp III1v IIl11 I II l1v 

- EY F F 

+ EY F F 

- ER F F 

+ ER F F 

-EP F 

+ EP F 

TABLE 1 



MAIN PISTON-

MA IN POPPET ---
A ND SEAT 

PILOT POPPET 

A ND SEAT 

PRIMARY REGULATOR_/ 
NORMAL REGULATION 

196 ±3 PSID 

I 
7 

_J 

PORT D (REF) 

APS HELIUM PRESS. REGULATOR FIG. 5 

-- SECONDARY REGULA TOR 
NORMAL REGULATION 
200±3 PSID 

NOTES: 

~ - PORT B (OUTLET) 

-- SENSING LINE 
(PRIMARY) 

-SENSING LINE 

(SECONDARY) 

1 . REGULA T ORS SHOWN 

OPERATING AT HIGH 
FLOW CONDITIONS 

(LOW OUT PRESSURE) 

2. PSID REFERS T O DIFF . 

PRESS BETWEEN REF 
PORT D AND CORRES

PONDING PORT ON 
SECONDARY REGULA TOR 

3. THE SECONDARY REGU

LATOR IS IDENTICAL TO 

THE PRIMARY EXCEPT 

FOR SPRING CONSTANTS 
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VAL VE TE-
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ING AMPLI 

F IER " A " 

(REF) 
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VC02 1- 415 
460-590° R 

(E-365) 

XC021- 415 
460-590° R 
C P1 80-11 --07 

TEMP-ATT 
CONT.FUEL 

MOD. 2 

....J - - - -

\I 

VEHICLE DDAS 
' XC022- 415 

460-590° R 
(E-365) 

XC022- 415 

460-590° R 
C P1 80-11 --05 

T EMP-ATT 
CONT . OX ID. 

\I 

VE HICLE □DAS 
XC187- 41 5 

300- 660° R 
(E -363) 

XC 187- 4 15 

300- 660° R 
DP1 B0-20L02 

TEMP-HE 
PRESS. TNK 

MOD. 2 

LCC FIRING ROOM 
STRIP CHARTS 
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S IVB APS CHAMBER PRESS MON ITOR PANEL (IU- ESE 267) S IVB APS LAUNCH AND MONITOR PANEL 
(C4AL) 

S IVB STAGE 

00220-414 

0-200 PSIA 
OPl B0--08- 01 

( I C4/18) 

I IV 

(0-200 PSIA) 

VEl--i lCLE DDAS 
VD0027- 414 
0--200 PSIA 

(E360) 

V00027-414 
0- 200 PSIA 

CPl B0--17 

Ip 

(0- 200 PSIA) 

VEH ICLE DDAS 
VD0028-414 
0- 200 PS IA 

(E360) 

V00028-414 
0- 200 PSIA 
CPl B0-18 

2408R 

I II 
(0- 200 PS IA) 

VEH ICLE DDAS 
VD0029- 414 
0- 200 PSIA 

(E360) 

V00029- 4 14 

0-200 PSIA 
CPlB0--19 

M OD I FUEL SUP 
MANF. PRESS 
(0--400 PSIA) 

VEHICLE DOAS 
V XD0070--414 
0-400 PSIA 

(E366) 

V XD0070- 414 

0- 400 PS IA 
DPl B0--07- 02 

PRESS- ULL. 
CONT. CHAMBER 

1- 4 
PRESS- A TT 
CONT. CHAMBER 

PRE SS- AFT 
CONT. CHAMBER 

I p 

PRESS- A TT 
CONT.CHAMBER 

PRESS-FUEL 

SUP. MANF. 
M OD I 

I IV ---4 '----' 
I II 

MOD I HE 
BOTTLE PRESS. 
(0--3500 PSIA) 

VEHICLE DDAS 
VXD0035-4 14 
0-3500 PS IA 

(E366) 

V XD0035-414 
0-3500 PSIA 
DPl B0--1 3- 07 

PRESS-A TT 
CONT.HE 
PRESS TNK 
M ODI 

VEH ICLE DDAS 
00037-414 
0-400 P S IA 

(E366) 

00037-4 14 
0-400 PSIA 

CPl B0--13-08 

PRESS-HE 

~ 

MOD I OXID 
TANK ULL. PRESS 

(0--400 PSIA) 

VEH !CLE DDAS 
VXD0098-414 
0--400 PSIA 

(E366) 

V XD0098- 41 4 
0-400 PSIA 
DPl B0--07-08 

PRESS-OX ID 
REG.OUTLET TNK. ULL. 
MOD I VOL. MOD. I 

MOD I FUEL 
TNK. ULL PRESS. 

(0--400 PSIA) 

24D9R 

(E 289) 

VEHICLE DDAS 
VXD0097-414 
0-400 PSIA 

(E 366) 

VXD0097- 4 14 
0--400 PSIA 
D P1 80--07-07 

MOD I OXID. 

SUP. M ANF.PRESS 
(0-400 PSIA) 

VEHICLE DDAS 
VXD0071-414 

0-LI0O PSIA 
(E-366) 

VXD0071-414 
0-400 PSIA 
DPl B0-07-05 

PRESS-FUEL PRESS. OXID 
TNK. ULL. SUP. MANF. 
VOL. MOD. I MOD. I 

APS I MEASUREMENTS FIG. 11 

D0250--414 
0--3500 PSIA 
DP180-09- 07 
( I- C4/24) 

PRESS-A TT 
CONT HE 
PRESS. TNK I 

(BACKUP FOR 
D35) 

VE H ICL E DDAS 
XCOl 36-414 
460--590° R 

(E 366) 

XC0l 36-414 
460--590° R 
CP180-11-06 

TEMP-A TT 
CONT. FUEL 
MOD I 

VE HICLE DDAS 
XC0l 32- 414 
460--590° R 

(E366) 

XC0132-414 

460-590° R 
C P180--1 1-04 

TEMP-ATT 
CONT. OXID. 
M OD I 

VEHICLE DDAS 
XC0023-414 

300- 660° R 
(E 366) 

XC0023-4 14 

300-660°R 
DPl B0-20L 01 

TEMP- HE 
PRESS. T NK 
MOD I 

LCC FIRING ROOM 
STRIP CHARTS 

(R4 PC) 
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15.0 PROPELLANT TANKING SYSTEM 

15.1 INTRODUCTION 
THE PROPELLANT LOADING SYSTEM PROVIDES THE CAPABILITY OF LOADING THE S-IVB STAGE WITH LH2 AND LOX EITHER AUTOMATICALLY OR MANUALLY. 

EMPHASIS HAS BEEN PLACED ON THE INTERFACE BETWEEN THE S-IVB. A ND THE PROPELLANT TANKING SYSTEM. ONLY THE LH2 PORTION OF THE SYSTEM 

HAS BEEN SCHEMATICALLY REPRESENTED SINCE THE LOX PORTION IS VERY SIMILAR TO THE LH2 PORTION. THE MAJOR DIFFERENCE ARISES FROM THE 

FACT THAT THE LOX IS PUMPED INTO THE S- IVB TANK FROM THE STORAGE TANK, WHEREAS THE LH2 IS LOADED INTO THE S-IVB TANK BY PRESSURIZ ING 

THE LH2 STORAGE TANK. 

A DETAILED LOGIC DIAGRAM HAS BEEN PREPARED TO FACILITATE THE ELECTRICAL SCHEMATIC. A NORMAL L H2 FILL SEQUENCE LOGIC DIAGRAM HAS 

ALSO BEEN PREPARED TO EMPHASIZE THE AUTOMATIC VALVE COMMANDS AND THE AUTOMATIC REVERT LOGIC. THE AUTOMATIC REVERT CIRCUIT RY 

DOES NOT APPEAR IN THE ELECTRICAL SCHEMATIC. 

15.2 SYSTEM DESCRIPTION 
A. PROPELLANT TANKING COMPUTER (REFERENCE PART 111) 

B. 

t. REPLENISH VALVE CONTROL 

2. 

REPLENISH VALVE CONTROL IS PROVIDED BY THE REPLENISH VALVE DRIVE SIGNAL OUTPUTED FROM THE COMPUTER. THE DRIVE SIGNAL IS 

DERIVED FROM THE S-IVB PU COARSE MASS POTENTIOMETER INPUT ANALOG SIGNAL WHEN THE COMPUTER IS IN THE AUTOMATIC MODE. 

IN THE COMPUTER MANUAL MODE, MANUAL CONTROL OF THE REPLENISH VALVE IS PROVIDED BY A SET OF THUMBWHEEL SWITCHES LOCATED 

ON THE LCC CONTROL AND MONITOR (C /M) PANEL. 

GENERATION OF DISCRETES 
WHEN THE COMPUTER IS OPERATING IN THE AUTOMATIC MODE, IT IS _CAPABLE .OF ISSUING DISCRETES BASED UPON THE PERCENT OF FLIGHT 

MASS IN THE S-IVB TANK. THE PERCENT OF FLIGHT MASS IS CALCULATED FROM THE PU COARSE MASS POTENTIOMETER INPUT ANALOG S,IGNAL, 

DIGITIZED AND COMPARED WITH A DIGITAL THUMBWHEEL SETTING ON THE DISCRETE GENERATOR PANEL. IF THE DIGITIZED PERCENT OF 

MASS IS EQUAL TO OR GREATER THAN THE THUMBWHEEL SETTING, A DISCRETE ( +28 VDC) IS ISSUED TO THE LOADING NETWORKS. THE ONLY 

EXCEPTION TO THIS IS THE 100 "lo FLIGHT MASS DISCRETE WHICH HAS AN UPPER AND LOWER LIMIT. ALL DISCRETES CAN BE ISSUED MANUALLY 

FROM THE C/M PANEL. 

·3. PERCENT OF MASS DISPLAYS 
IN CONJUNCTION WITH THE ABOVE F UNCTION OF THE TANKING COMPUTER, T HE COM PUTE R PROVIDES DIGITAL PERCENT OF FLIGHT MASS 

OUTPUTS TO VARIOUS LCC PANELS FOR A CONTINUOUS MONITORING CAPABILITY OF T HE PERCENT OF FLIGHT MASS IN THE S-IVB LH2 TANK. 

PROPELLANT LOADING NETWORKS 
1. AUTOMATIC VALVE SEQUENCING 

AUTOMATIC SEQUENCING OF THE LH2 VALVES DURING THE FILL , DRAIN AND REVERT ASPECTS OF PROPELLANT LOADING IS THE PRIMARY 

FUNCTION OF THE L OADING NETWORKS. AUTOMATIC VALVE CONTROL DURING FILL IS ACCOMPLISHED BY UTILIZING THE DISCRETE INPUTS 

FROM THE TANKING COMPUTER TO SPECIFY WHAT VALVE SEQUENCE IS TO BE PERFORMED. (REFERENCE FIGURE 15-t) 
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SIVB LH2 LOADING 
SEQUENCE(NORMAL 
FILL) 

t. FILL SEQUENCE 
INITIATED (MAN) 

2. S-11 SLOW FILL 
TO 100 % COMP (AUTO) 

3. START S-IVB LH2 
CHILLDOWN (AUTO) 

4. 4 -Jo FLT MASS 
C4SP ENABLES FILL 

VLV (MAN) 

5. 5 '7~ FLT MASS 

(AUTO) 

6. to% FLT MASS 
(AUTO) 

7. 90% FLT MASS 
(AUTO) 

8. gs%, FLT MASS 

(AUTO) 

9. 100% FLT MASS 
(MAN) 

FIGURE 15-1. NORMAL LH2 LOADING SEQUENCE 

APPROXIMATE TIME OF 
EVENT OCCURENCE IN 
REFERENCE TO COUNTDOWN 

T-5 HRS 4'0n 

T-4 HRS 21 10 11 

T-4 HRS. 7 10 11 

T-3 HRS 38 10 11 

SYSTEM RESPONSE 
(NORMAL) 

S-11 LOADING INITIATED 

S-11 LH2 DISCRETE GEN ISSUES S-11 LH2 STOP SLOW FILL 

REQUEST SIVB LH2 TNK VENT VLV TO BE OPENED 

OPENS S-IVB LH2 F4, D VLV AND DEBRIS VLV 
OPEN S-IVB FILL VLV TO REDUCED POSITION 
SLOW FILL t! 500 GPM BEGINS 

ENABLES FILL VLV TO BE AUTOMATICALLY OPENED TO FULL OPEN POSITION 

S-IVB LH2 DISCRETE GEN ISSUES S-IVB LH2 c/o COMP: 

A, OPENS S-IVB FILL VLV TO FULL 

B. FAST FILL @ 3000 GPM BEGINS 

S-IVB LH2 DISCRETE GEN ISSUES S-IVB RECIRC PUMP ENABLE: 

A. ROY FOR + 4D411 PWR LOGIC CHAIN 
B. ROY TO LOAD LH2 LOGIC CHAIN 

c. LH2 c/o PUMP ROY TO START LOGIC CHAIN 

S-IVB LH2 DISCRETE GEN ISSUES S-IVB START COLD HE LOADING: 

ILLUMINATES "ROY FOR 3000 PSI COLD HE" ON S-IVB STG PRESS PANEL 
(SUBSEQUENT MAN LOADING OF COLD HE) 

S-IVB LH2 DISCRETE GEN ISSUES S-IVB STOP FAST FILL: 

A. REDUCES FILL VLV POS 
B. SLOW FILL @ 500 GPM BEGINS 

S-IVB LH2 DISCRETE GEN ISSUES S-IVB STOP SLOW FILL: 

A. CLOSES FILL VLV 
B. ENABLES REPLENISH AUTO VLV DRIVE SIGNAL 

C. REPLENISH CYCLE TO 100%, FLT MASS BEGINS, 
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SIVB LH2 LOADING 
SEQUENCE (NORMAL 

FILL) 

1 O. TE RM INA TE LH2 
REPLENISH 

FIGURE 15-1. 

APPROXIMATE TIME OF 

EVENT OCCURRENCE IN 
REFERENCE TO COUNTDOWN 

T-0 HRS 3 16 11 

(START OF TERM. SEQ) 

NORMAL LH2 LOADING SEQUENCE (CONTINUED) 

SYSTEM RESPONSE 
(NORMAL) 

S-IVB LH2 DISCRETE GEN ISSUES S-IVB FLT MASS (IF FLT MASS IS 

WITHIN TOLERANCE, CAN BE ISSUED PRIOR TO THIS TIME) 

TERMINAL SEQUENCER ISSUES 11 TERMINATE LOX AND LH2 REPLENISH 

(T-186 SEC) " : 
A . RESULTS IN A FORCED S-IVB REPLENISH COMP CMD 

B. CLOSES S- IVB REPLENISH VLV 
C. CLOSES S-IVB F~ D VLV 
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2. AUTOMATIC VALVE MONITORING 

THE VALVE POSITIONS ARE CONTINUOUSLY MONITORED BY THE VALVE CONTROL LOGIC VIA VALVE TALKBACKS DURING LOADING. INADVERTENT 

VALVE OPERATIONS OR MALFUNCTIONS DURING A FILL SEQUENCE WILL CAUSE AN AUTOMATIC REVERT VALVE SEQUENCE . 

3. MANUAL VALVE CONTROL 
THE PROPELLANT LOADING NETWORKS PROVIDES THE CAPABILITY TO MANUALLY OVERRIDE ANY AUTOMATIC VALVE COMMAND. IN ADDITION, 

THE NETWORKS PROVIDE TALKBACKS OF VALVE POSITIONS TO PANELS LOCATED IN THE LCC. 

4. VALVES 
ONLY THE S-IVB LH2 VALVES (FILL AND DRAIN VALVE, DEBRIS VALVE, TANK VENT VALVE) AND THE REPLENISH AND FILL VALVE HAVE BEEN 

SHOWN IN THE ELECTRICAL AND LOGIC SCHEMATICS FOR CLARITY. THE FOLLOWING SKETCH REPRESENTS THEIR LOCATION (F IGURE 15-2). 
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FIGURE 15-2 LH2 NORMAL FLOW DURING FILL 

VALVE DESCRIPTION: 

NO. 1 - AUX FILL VLV, PNEUMATIC 

NC, 3 POSITION 
NO. 2 - MAIN FILL VLV, PNEUMATIC 

NC, 3 POSITION 
NO. 3 - REPLENISH VLV, PNEUMATIC 

NC, FLOW CONTROL 

NO. 4 - S-IVB DEBRIS VLV, 
PNEUMATIC NC, 2 POSITION 

NO. 5 - S-IVB FILL AND DRAIN VLV, 

PNEUMATIC NC, 2 POSITION 

NO. 6 - S-IVB TANK VENT VLV, 
PNEUMATIC NC, 2 POSITION 

NO. 7 - S-IVB DIRECTION VENT VLV, 
PNEUMATIC NC, BUTTERFLY , 

2 POSITION 

TO BURN 
POND 

FROM LH2 
STORAGE 
T ANK 

QUICK 
DISCONNECT 

.... 

r----------------~~-----7 
TO NON-

I PROPULSIVE 

I VENTS 

I 
I 
I 
I 
I 
I 
I 
I 

LH2 TANK 

5 

6 

.-,. 
I ..... 
'DIFFUSER 

S-IVB STAGE L-----------------------~ 
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15-3 SYSTEM BLOCK DIAGRAM 

THE FOLLOWING BLOCK DIAGRAM REPRESENTS THE S-IVB LH2 PROPELLANT LOADING SYSTEM (FIGURE 15-3). BELOW IS A LISTING OF THE VARIOUS BLOCK 

FUNCTIONAL DESCRIPTIONS. 

A. LEVEL SENSOR 
THE LEVEL SENSOR CONSISTS OF THE S-IVB LH2 PU COARSE MASS POTENTIOMETER. THE SUPPLY VOLTAGE ( +ts VDC) IS FED TO THE POTENTIOMETER 

FROM THE COMPUTER WHEN THE SENSOR IS ENERGIZED. THIS SUPPLY VOLTAGE IS USED AS A REFERENCE SIGNAL AND THE WIPER OF THE POTENTIO

METER IS USED AS THE SENSOR SIGNAL TO THE MANUAL AND AUTOMATIC COMPUTERS. 

B. FULL LOAD RATIO NETWORKS 

THIS NETWORK IS A FILTER AND A DC AMPLIFIER WHOSE GAIN IS VARIABLE BY USE OF A FOUR-DECADE THUMBWHEEL SWITCH ON THE COMPUTER.PANEL. 

THE INPUT SIGNAL (LEVEL SENSOR REFERENCE VOLTAGE) REPRESENTS A FULL TANK; ITS OUTPUT REPRESENTS 100 "lo FLIGHT MASS, WHICH IS ADJUSTED 

ACCORDING TO THE FLIGHT MISSION REQUIREMENTS VIA THE THUMBWHEEL SWITCHES. 

THE DC AMPLIFIER GAIN IS CHANGED ON RECEIPT OF THE TANK PRESSURIZING COMMAND. THIS COMMAND SWITCt-lES THE REFERENCE FROM THE FOUR

DECADE UNPRESSURIZED REFERENCE SETTING TO THE FOUR-DECADE PRESSURIZED REFERENCE SETTING. 

C. FILTERS 
THE FILTER MINIMIZES DISTURBANCES CAUSED BY FUEL SLOSHING AND FILTERS THE INPUT SIGNAL (WIPER OF THE LEVEL SENSOR) FOR LINE NOISE 

PICKUP. 

D. AUTO RATIOMETER 

E. 

F. 

THE AUTO RATIOMETER COMPUTES THE SIGNAL-TO-REFERENCE RATIO. THIS COMPUTED RATIO REPRESENTS PERCENT OF FLIGHT MASS. THE RATIO 

IS PRODUCED IN A 17 BIT BCD SIGNAL. THIS SIGNAL IS USED IN THREE WAYS: 

(1) IT IS DECODED IN THE RATIOMETER FOR DRIVING AUTO MASS READOUTS FROM 000.0 TO 199.9 PERCENT. 

(2) THE FOUR MOST SIGNIFICANT DIGITS (MSD) OF THIS PERCENTAGE ARE SENT TO THE DISCRETE GENERATOR FOR 

PRODUCING DISCRETES. 

(3) THE ORIGINAL 17 BIT BCD SIGNAL IS ROUTED TO THE S-IVB PANELS AND TO THE C / M PANEL FOR PROPELLANT 

MASS DISPLAY. 

MANUAL RATIOMETER 
THE FUNCTION OF THE MANUAL RATIOMETER IS IDENTICAL TO THE AUTO RATIOMETER EXCEPT FOR ONE ASPECT. THE DECIMAL OUTPUT OF THE MANUAL 

RATIOMETER IS FED TO THE DISCRETE GENERATOR WHICH IS USED TO GENERATE A REDUNDANT EMERGENCY STOP FAST FILL DISCRETE. 

INVERTER 
THE INVERTER IS USED TO INVERT THE OUTPUT SIGNAL OF THE FILTER. 
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G. ERROR AMPLIFIER. INTEGRATOR AND SUMMER 
THE FUNCTION OF THESE ARE AS FOLLOWS: 

H. 

I. 

J. 

1. WHEN THE COMPUTER STABILIZES THE REPLENISH RATE, PROPELLANT MASS IS EQUAL TO FLIGHT MASS AND NO ERROR IS GENERATED. THE 
INPUT TO THE INTEGRATOR IS LIKEWISE ZERO (NO ERROR), BUT ITS OUTPUT IS A TIME INTEGRATION OF ALL PREVIOUS ERRORS, POSITIVE AND 
NEGATIVE AND MAY BE A VALUE OTHER THAN ZERO. IT IS A VALUE WHICH IS ENOUGH TO CAUSE THE PROPELLANT REPLENISH RA TE T O EQUAL 
BOILOFF RATE AND CREATE A FINAL COMPUTER ERROR SIGNAL OF ZERO. 

2. IF FOR SOME REASON THE PROPELLANT BOILOFF RATE INCREASES SLIGHTLY, THE ERROR AMPLIFIER GENERATES A NEGATIVE SIGNAL WHICH 
CAUSES THE REPLENISH VALVE TO OPEN WIDER (THE SUMMER IS A VOLTAGE-TO-CURRENT AMPLIFIER WHICH GENERATES A <rso MA DRIVE 
SIGNAL TO THE CURRENT-TO-AIR TRANSDUCER IN THE VALVE CONTROL ASSEMBLY FOR REPLENISH VALVE CONTROL) . TO.COMPENSATE FOR 
THE INCREASED BOILOFF RATE. AT THE SAME TIME, THE OUTPUT OF THE INTEGRATOR CHANGES SLIGHTLY NEGATIVE CREATING A REVISED 
MEMORY OF THE "CORRECT" REPLENISH RA TE. WHEN THE ERROR SIGNAL AGAIN BECOMES ZERO THE SYSTEM IS RESTABLIZED WITH A NEW 
INTEGRATOR OUTPUT. 

DISCRETE GENERA TOR 
THE DISCRETE GENERATOR RECEIVES FROM THE AUTO RATIOMETER AN INPUT SIGNAL CONSISTING OF A 28 LINE DECIMAL SIGNAL REPRESENTING 
A PROPELLANT LEVEL (PERCENT OF FLIGHT MASS) OF 000.0 TO 199.9 PERCENT. A NINE-LINE DECIMAL SIGNAL IS ALSO RECEIVED FROM THE 
MANUAL RATIOMETER FOR GENERATING THE BACK-UP EMERGENCY STOP FAST FILL DISCRETE. 

EACH OF THE SEVEN 3-DECADE THUMBWHEEL SWITCHES ON THE DISCRETE GENERA TOR PANEL ARE SET AS A REFERENCE FOR A PARTICULAR 
DISCRETE, AND A DISCRETE WILL BE GENERA TED WHEN THE RA TIO FROM THE AUTO RA TIOMETER IS EQUAL TO OR GREATER THAN THE SETTING 
OF THE CORRESPONDING THUMBWHEEL. TWO 4-DECADE THUMBWHEEL SWITCHES ON THE PANEL ARE SET FOR UPPER AND LOWER LIMIT REFER
ENCES FOR THE FLIGHT MASS DISCRETE. THIS DISCRETE IS GENERATED WHEN THE RATIO FROM THE AUTO RATIOMETER IS EQUAL TO OR 
GREATER THAN THE LOWER LIMIT AND LESS THAN THE UPPER LIMIT. 

ONE FURTHER DISCRETE IS ESTABLISHED BY A SINGLE-DECADE THUMBWHEEL SWITCH INSIDE THE DISCRETE GENERATOR. THIS DISCRETE, 
EMERGENCY STOP FAST FILL, CAN BE SET TO OCCUR BETWEEN 90 AND 99 PERCENT FLIGHT MASS. THIS SIGNAL IS BASED UPON THE DECIMAL 
SIGNAL FROM THE MANUAL RATIOMETER AND CONSTITUTES A REDUNDANT STOP FAST FILL SIGNAL. 

DRIVER 
THE REPLENISH VALVE POSITION CAN BE OPERATED MANUALLY BY USE OF A TWO-DECADE THUMBWHEEL SWITCH LOCATED ON THE C /M PANEL. 
THE THUMBWHEEL SWITCH CONTROLS THE AMOUNT OF FEEDBACK OF THE DRIVE AMPLIFIER (DRIVER) AND HENCE, THE OUTPUT SIGNAL WHICH 
ORIVES THE CURRENT-TO-AIR TRANSDUCER IN THE REPLENISH VALVE CONTROL ASSEMBLY CAN BE VARIED. THE TRANSDUCER CONVERTS THE 
<rSO MA DRIVE SIGNAL TO A 3-15 PSI PNEUMATIC SIGNAL FOR MODULATING TI-IE VALVE ACTUATOR. 

REPLENISH VALVE CONTROL ASSEMBLY 
THIS ASSEMBLY CONTAINS THE PNEUMATIC PILOT VALVES AND CURRENT-TO-AIR TRANSDUCERS FOR CONTROL OF THE REPLENISH VALVE. 
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K. REPLENISH VALVE 
THE REPLENISH VALVE IS PNEUMATICALLY OPERATED VALVE USED TO CONTROL THE LH2 REPLENISH FLOW RATE . THE VALVE ALSO PROVIDES 

OPEN, CLOSED AND POSITION (POTENTIOMETER) TALKBACKS. . 

L. READOUT DISTRIBUTORS 
THE READOUT DIST RIBUTOR ROUTES 'fHE MANUAL AND AUTO RATIOMETER OUTPUT SIGNALS TO THE VA RIOUS READOUT DISPLAYS. 

M. PROPELLANT SYSTEM NETWORKS 
THE PROPELLANT SYSTEM NETWORK CONTAINS T HE RELAY LOGIC TO ACTUA TE AND MONITOR THE PROPELLANT L OADING VALVE S. 

N. CONTROL AND MONITOR PANEL 
THE C /M PANEL PROVIDES CENTRAL CONTROL AND MONITORING OF THE PROPELLANT LOADING SYSTEM. 
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FIGURE 15-3. LH2 PTCS BLOCK DIAGRAM 
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L--------- - - ------------------------~ Z O co 

w 0:: ~ 
J I- w 

r- - - -- - - - -- - ------ - ------ - - --------. a. z (/) 
' MANUAL WOU) 

I COMPUTER 
I 0:: u <{ 

I FULL LOAD DRIVER 
I 

- RATIO -
I > I MANUAL 

NETWORK J i.-
I > z I 

0 I 
I J -I-

;- --ovERdmE 
I I 

I 
<{ -

FILTER 
:::, (/) 

- z 0 
I <{ a. I CLOSE 
I ~ I 
L-------- ----- - -------- - - - _ .J VLV . 

' 
. 

OPEN 
MANUAL AUTO D PROPELLANT 

- I VLV 
- RATIO- RATIO- s A UTO SYSTEMS 

MLC - ENABLE 
- METER METER C NET WORKS 

R G DISCRETE S 
TANK 

E - T 
E PRESSUR IZING -

E N '--

S-IVB 
AUTO DISCRETEt IND ' READOUT DIST 

+ MANUAL 
PROPELLANT MAN AUT O DISCRETES 

MONITOR AUTO (%FLT MASS) 
- CONTROL t _ LOADING IN PROG 1 

PANEL - MAN_ 1. 

MAN MONITOR -

-
-- (C t M) PANEL -

LEVEL SENSOR ENABLE -
-

PRA ENABLE AUTO/MAN MODE CMD 
- - I AUTO MAN IND 

I , 

--

,, 

REPLE NISH 
VALVE 

z 
0 0 
w I-z (/) 

w 0 (/) 

a. J 0 
0 u a. 

> > > 
J J J 
> > > 

,, 
1' 

' 
I 
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15-4. SYSTEM SAFING (REVERT) 
REVERT REFERS TO THE OVERALL LH2 (OR LOX) SAFING OF THE PROPELLANT TANKING SYSTEM. THE REVERT SEQUENCE RESULTS IN VALVE COMMANDS 

TO SAFE THE VEHICLE. A REVERT SEQUENCE CAN BE INITIATED AS FOLLOWS: 

A. AUTOMATIC REVERT 

1. VALVE MONITORING - THE LH2 VALVE SEQUENCING IS MONITORED DURING A FILL SEQUENCE AND IF A PROPER VALVE CONFIGURATION 

DOES NOT OCCUR UPON RECEIVAL OF A DISCRETE WITHIN A SPECIFIED TIME (30 SECONDS) AN AUTOMATIC REVERT COMMAND WILL BE 

GENERATED. 

2. S-IVB LH2 RUPTURE DISK - IF THE S-IVB LH2 FILTER RUPTURE DISK PRESSURE SWITCH CLOSES, A REVERT COMMAND WILL BE GENERA TED. 

THE FILTER IS LOCATED BETWEEN THE S-IVB LH2 FILL VALVES AND THE LH2 DEBRIS VALVE. (S-IVB FILL BUS MUST BE ENERGIZED). 

3. S- IVB LH2 TANK PRESSURE - THE S-IVB LH2 TANK PRESSURE IS MONITORED VIA A PRESSURE SWITCH WHILE THE TANK IS NOT PRESSURIZED 

WITH HELIUM. IF THE PRESSURE SWITCH CLOSES, A REVERT COMMAND WILL BE GENERATED. (S-IVB FILL BUS MUST BE ENERGIZED). 

4. S-IVB LH2 OVERFILL SENSOR - THE S-IVB LH2 OVERFILL SENSOR WILL CAUSE A REVERT COMMAND TO BE GENERATED WHEN IT BECOMES 

WET. (S-IVB FILL BUS MUST BE ENERGIZED). 

B. MANUAL REVERT 

1. S-IVB LH2 REVERT -A MANUAL REVERT CAN BE INITIATED BY THE S-IVB PROPELLANT MONITOR PANEL OPERATOR VIA THE S-IVB LH2 

REVERT SWITCH (MDAC FUNCTION). 

2. LH2 REVERT (SYSTEM) - A MANUAL REVERT CAN ALSO BE ISSUED FROM THE PROPELLANT TANKING SYSTEM CONTROL PANEL (TBC FUNCTION) . 
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SYMBOLS: (NOT USED PREVIOUS!,_ Y) 

DENOTES RECORDER POINrs 

BRACKETS INDICATE REFERENCE TO SYSTEM SCHEMATICS 

NUMBERS INDICATE PAGE NUMBER IN PRECEDING SCHEMATIC CALLOUT 

LETTERS INDICATE SYSTEM SCHEMATICS AS FOLLOWS: 

PTCS - PROPELLANT TANKING COMPUTER SYSTEM, 75M13610 

LH2 - LH2 ELECTRICAL SYSTEM, 77K 02050 

LOX - LOX ELECTRICAL SYSTEM, 77K 02310 

(XX) NUMBERS IN PARENTHESES, XX, ,INDICATE NUMBER OF SIGNALS REPRESENTED BY ONE 

SIGNAL LINE 

~ DOUBLE LINES INDICATE DATA LII\IES GROUPED TOGETHER, 

THE NUMBER, XX, INSIDE THE DOUBLE LINES INDICATES THE 

NUMBER OF DATA LINES GROUPED TOGETHER 

-----[>-- AMPLIFle:R, STANDARD 

==t>- AMPLIFIER, DIFFERENTIAL 

0--- XT AL CONTROLLED OSGI LLATOR 

CT ASTABLE MULTIVIBRATOR, {AUDIO OSCILLATOR) 

~. ~ ONE SHOT, XXX INDICATES TIME DELAY OF THE ONE SHOT 

S-IVB LOADING SYSTEM - LH2 
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S-IVB LOX 
C&MPANEL 

-OA 

DATA LINK 

DATA LINK I 

S-IVB 

~-:: ';';J.~. 
S-IVB PU PANEL 

-OA 

DATA LINK 

I DATA LINK 

LOADING MEASUREMENTS 

S6 
PROf' 
LOADING 
ENABLE 
IESE-140) 

K208 
PROP 
LOADING 
MEAS 
ENABLE 
(ESE-140) 

2002R ♦200241 +200141 

I------I 

K206 
lESE-140I 

01 • 2207 

+40131 

K1 
(C-C15/4) 

401R 

OFF 

00 - 1I07 

K2 
IC-C15/4l 

ON 

DI· 2206 

Kl 
IC-C15/4) 

40COM 

S.IVB LOX 
C& MPANEL 

+OA 

J: 
S16 
SENSOR 
RELAY 
lPTCS 
-36) 

OFF 

DATA LINK 

DATA LINK 

TM 

Kl-1 

LOX CM 
POT lSIG) 

S.I VB LH2 
C& M PANEL 

L_OX POT 
RTN 

OFF 

+DA 

J: 
S16 
SENSOR 
RELAY 

(PTCS-17) 

DATA LINK 

DATA LINK 

-OA 

•• 
SENSOR 
RELAY 
lPTCS-17) 

-021 +021 

[PTCS 121 

,---
1 

----7 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 

+21VDC 
REG 

+16VOC 
REG 

I I 
t__'.•~~33:.. - - - - J 

[+15VDC 
AUTO 
SENSOR 
EXCIT) 

r---
1 

- --------- ----7 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-%1VDC 
REG 

METERING CKT 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L __ _ JPTts-1331 I 
---------- ___ _J 

CTO TEST 
SELECTOR 
SW) 

+0211 

A 
LOX SENSOR 

RTN 
LOX SENSOR 
EXCITATION 

LOX POT 
VOLT 

13 

K1-1 K1 ·2 

+021 
(PTCS.133) 

+022 OR21 

r ------------ ----1 
I ~----'--~ I 
: :'STOR I 

I I 
I I 
I --- ------ "1 I 
I I 
I I 
I I 

I 
L _____ i~~1~~--

[+1SVDC 
MAN SENSOR 
EXCITJ 

I 
I ____ J 

DR22 

+011 

LH2 
SENSOR 
EXCITATION 

B 
13 

l"2 
POT VOLT 

C 

13 

LH2 
POT RTN 

LH2IENIOPI RTN 

TM 

13 

LHzCMN>T 
l&IOJ 

_________ ____ __________ _ _______________________________ KN 

K2-1 ___________________ K2-2 
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(LHz-44) 

•• 

-DA 

DS38 
LOADING 
IN PROG 
(PTCS-19) 

DATA LINK 

DATA LINK 

I 
I 
I 
t- -
1 
I 
I 
I 
I 
I 
I 
L_ 

K9 \PTCS· 19 ] 

K11 [PTCS-19] 

K6 (PTCS- 19) 

-- - -AuToCMD 

00 
13 

+0 tS-IVB FILLl 

DS37 
SIMULATE 

DATA LINK 

DATA LINK 

pp 
13 

+OlSIMI 

-DA 

STANDARDIZE INV 

EE 
13 +15VOC 

FF 
13 

GG 
13 

J 
S15 SIM•STO 
IPTCS.191 

SIM _<>-_:-'--1/,ST_D -----, 

o•• rn 
0 "'"" OPERATE STD 

DATA LINK DATA LINK 

DATA LINK DATA LINK 

DATA LINK 

DATA LINK 

DATA LINK 

DATA LINK 

K17 
[PTCS-18) 
TANK 
PRE SS 

.. 
25 

-DA 

S12 

+014 

______ K7 

K11 SIM 
ENABLE 
(PTCS-181 

I 
I 
I 
I 
I 

LL 
OR22 I 

I 

(PTCS-128, 
129 & 1791 

Kl 

L _ _ _____ _ __ ___ _ _j 

OM 

OR1 

[PTCS -191 

HIGH RATIO 
NETWORK 
{PTCS-129 & 131) 

-, 
I 

L _____ _J 

r- - -----, 
I LOW RAT IO 

NETWORK 
[PTCS-129 & 131] 

L _J 

STD REF AMP 
!PTCS-129) 

MANUAL COMPUTER 

141 

100"/o REF 
UN PRESSURIZED 

S13 S15 

141 141 141 

r----- 7 
--- -

I 
R&C I NETWORK 
(PTCS-1291 I 

I -- - - I 
I 

L __ __ _ _j 

IPTCS 
-19) 

S16 

141 

MAN REF AMP 

INPUT SIG 

MAN SIG AM? 

INPUT 

l<>c:>% REF PRESS 

S17 S18 

1,1 141 

S19 

"' 

IPTCS 
-1311 

K16 
TANK 
PRESS 
IPTCS 

(iu._ _ ·1~] 
~ 

S1 

+014 

r 7 
HIGH RATIO 
NETWORK 
(PTCS-129 & 1311 I 

L__ ____ _J 

r---- --, 

I 
L 

LOW RAT IO I 
NETWORK 
(PTCS-129 &: 131 ] 

_J 

MAN REF 
AMP [PTCS-1291 

C> 
MAN SIG 
AMP (PTCS-129) 

14] 

100,C, REF. UNPRESS 

S2 SJ S4 

,,1 I<] 

HH 
12 

® 12 

100% REF. PRESS 

S5 SB S7 

141 I<] 1,1 

•• 

141 

(PTCS 
-131) 

NEW 
15-11 



-
MAN RATIOMETER 
PANEL 

MAN REF 
) 

AMP OUTPUT 

Cz\1--_M_A_N_s_,o ___ ----c):>---, 

@ AMP OUTPUT 

I 
L 

(REF. AUTO RATIOMETER 

PANEL) 

STD-OPR AND 
CONV MODE SW 

MASS READOUT 

SW 
INPUTS 

1/1 ffi 
I ... 
I- ~ 0 
w z 
0: :, 
0 ,: z 
:::, ... 

~ I ffi ... .. 

--~--7 
DECIMAL I 

RATIOMETER . 

OUTPUT I 
MANUAL 

(REF. AUTO RATIOMETER) 
I 

I 
I 
I 
I 

BCD {,' OUTPUTS 

__ J 

BIT 100 

DATA ADV 

ML 
COMP 

INTf:RFACF. 

TO DI SCRETE 

I 

S-IVB LH2 C&M 

PANEL 

GEN (SPARES: TE NTHS ~ TE NS) 

BITS 1 THAU 9 
TO DISCRETE 

GEN. (PTCS-25) 

DATA 

LINK 

PTCR 

T 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

..l. 
LCC 

DATA 

LINK I 

x,oo 

I DS17 

LH2 % MAN MASS READOUT 

(PTCS-152 THAU 155) 

x,o 

I 
X0.1 

I 
X0.01 

I DS18 DS19 DS20 

V\ 

C&M MA,_. OE CO DE LOGIC 

[ PTCS-152 THRU 155] 

I/\ 

I\ 

> > 

MANUAL RATIOMETER 

S-IVB PROP 
MON PANEL 

x,oo 

L H2 % M AN MASS RE A DOUT 
(E S E- I 68 & 169) 

x,o X0.1 

A 

S-IVB MAN MASS 

DECODER 

(ESE-168 & 169] 

I\ 

+OR222 

'DC1 

X0.01 

i 
I 
I 
I 
I 
I 
I 
I 
I 

_J 

MAN 
DRIVE 
ArJIP 

IPTCS-129I 

S-IVB LH2 C & M 

PANEL 

MANUAL REPLENISH VLV CONT 
IPTCS-19] • 

x,o 
S12 

+OM 

x, 
S13 

OR22 

141 141 

7 
I 

""I 
I 
I MM 

26 

MAN DRIVE 

COMMON 

NN 
26 

I MAN DRIVE SIG 

----' 
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TO PROP 
REC AMP 
(PAA) 

(REF. PTCS-38) 

___ ___ A.._ _____ _ 

( ~ 
+15VOC SENSOR EXCIT 

REF VOLT 

POT SIG 

RTN 

[REF. PTCS· 
38 & 1291 

AUTO STANDARDIZE ENABLE 

MAN STANDARDIZE ENABLE 

REF VOLT 

CM POT SIG 

RTN 

OUTPUT STD INV 

+15VCI 

RELAY ,-
MODULE I 

I 
I 
I 
I L __ _ 

INPUT REF AMP 

INPUT MAN SIG AMP 

OR -1 

AUTO COMPUTER 

SENSOR 
EXCIT GNO 

DR-21 

(PTCS-128.129 & 186) 
------

MAN SIG GND 

AUTO SENSOR 
GND 

Of\21 DR-1 

-7 
I 
I 
I 
I 
I 

___ _J 

(REF. PTCS-
175& 1761 

S-IVB LH2 
AUTO COMP 

100% REF. ., 
PRESSURIZED 

S7 S6 

141 

S5 

141 141 

HIGH RATIO NETWORK 

LOW RATIO NETWORK 

141 141 

(PTCS-
136) 

141 

AUTO REF AMP 
(PTCS-134I 

, ---;.:c-;,:~~- - 7 
I I 

L __ A_u_T_o_sE_N_s_E_R_E_, ____ +----1----- ~--t-+-<11>-,r-

AUTO SENSOR SIG 
AUTO SIG AMP 
IPTCS-134] 

L--------------j------t - - - - - >---+---~,---, 

RS 

SUMMING PT. OUTPUT 

R6 

S4 

INV AMP fPTCS-134] 

100% REF . 
UN PRESSURIZED 

S2 Sl 

$-IVB LH2 C&M 
PANEL 

-DA 

DATA LINK 

DATA LINK 

K16 TNK 
PRESS [PTCS-18) 

+019 -OA +o19 

TO TEST 
METER CKT 
(PTCS-133) 

ERROR AMP 
(PTCS-134) 

TO TEST 
METER CKT 
(PTCS-1331 

INTEGRATING 
AMP (PTCS-1341 

TO TEST METER 
CKT (PTCS-133) 

TO TEST METER 
CKT (PTCS-133I 

R14 

R15 

OS10 
VEH TNK 
PRESS 
(PTCS-18) 

MASS SIG REF 

MASS SIG 

-, 
I 
I 
I 
I 
I 

AUTO RATIOMETER 
PANEL 

°" 

STANDARDIZE 
S2 (PTCS-121) 

OPERATE 

"""' 

SIG GNO 

OR21 

RATIOMETER 
INPUT 

AUTO DRAIN CONV DRIVE 
(NOT USED) 

AUTO Fl LL CONV 
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r 

S.IVB LHz 
C& MPANEL 

·ORA 

OFF 

+DA 

S21 

ENABLE 

KJ 
{PTCS-
1921 

DATA 
LINK 

DATA 
LINK 

-01 

DS40 
PRA 
ENABLED 
[PTCS-1921 

·ORA 

DATA 
LINK 

DATA 
LINK 

STD 
100% 
ADJ 
(PTCS 
-1921 

LCC REC 
LH2 C/M 
HDWR 

NULL& 
ZERO 
ADJ 
(PTCS-1921 

PROPELLANT RECORDER 

PRA 6728 
(LUTI 

0S3 
OPERATE 
[PTCS-
1921 

-01 

PRA 
[PTCS-1921 

55 
13 

S2 
[PTCS-
1921 
STD 
0% 

C/M POT SIG 

RR 
13 

OPERATE 

STD 
100% 

REF VOLT 

QQ 
13 
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/G\ 
'-'V 

'-'V 

CONVERSION MODE 
S1 (PTCS-121 I 

EXT N 
~CS-121)'r 

CONVERSION 
CMD RTN 

DRl 

,-----------------< (FUTURE 
USEI 

,------ -7 

I I PULSE I I 
I l SHAPER rl----1- CM_O __ ) rrs~1URE 

CONVERSION 

9 

I ___ I 

.____~I~! AF I I 
I I'----' I 

L------ -l-

1 
- -:=-ii OF l I 

I ,·, R 165 MS I I 

L _____ 1~~1l 

r--- - ---1 

I I RAMP I - I 
I STARTSW I' I 

MASS REF SIG 

i ~~ ! 
I --= t>- I 
I I 
L _ - - - _IP.:'.:.5·~IJ 

SIG GNO I 7 
I 

RAMP SIG 

ZERO 
COMPARATOR 
IN 

INT 
054 
(PTCS-121 ; 

r--- - ------1 
I OF OF I 

250 MS 125MS )--~ J-4--' 

I I l,_ ___ ___ _ 

, - -- -- --1 

I I 

I 
I I 

I I 

DATA XFER 

I 
I ______ 1•~~IJ 

I - - - - - - - ..,,-,oo REGISTER 

I I 
I I 

:}· I I 
I I 
I L FF 1 ~~ 

~· 
I I 

I 0 I 
I I 

I I 
L - - - - ___!P~-~ J 

, -------1 

AUTO RATIOMETER PANEL 

i- -- --- - 7 , -- --- - -i 
I c:6:::J I I 
I ~o I 
I • s I 

~-+---'----4>---' 1 J---t------il>---+-1---+--

I L FF I : tr R O ,____,:_--+------1-___,__-+-
I '--~ I 

I 

I I 
l [7s, I 
I I 
I I 0.01 

I FF I 

I ' ------
~- 0 I 

I 

I 
" I 

I 
I 

r-------1 
I r I 

I 
I 0.02 - -

- , 
I I , FF 

r 
I 

, , 

r -
I J I 
L_ fPTCS-1251 -- - __ CJ 

I J 

I 
I 

r- - -----1 
I r I 

FF 
) I 

I I 

I 
I r s I 0.04 

, 

I - I 

~- --- ~~~J I 
, , 

I 
I I 
I I 

I I 
r - I 0.02 

FF I 
, 

r - I 

I a 

MASS INPUT I I 
I V 

I 
I ANALOG 

COMPAR ATOR 

IN 

I 
I r' 

I 
I GATED - -l--------'==-------<I 1:,:~~E :';~, ,_1 

_ .._ ... ~K_H_Z _TO'+-~ 
I I COUNTER 

L __ __ ~T~25:._j 

L __ ___ 1•~·~1 ~ I I 
CLOCK OUT 

I I 

, - ,~ .. ;;; - - - - l 
I I 
1 DSC --~1---------- +------i 

I 
L_ - - _ __! ':'.:_5~1~ 

CLOCK IN 

I 

~ 
I 

I I 
I I 
I I 
I I 
!_ ____ _I_PT~-1~ J 

I IPTCS.121) I 
I--- - - - - - - _ J 

~ 

... 
z 
~ 

8 
g 
N 

~ 
~ 

~ 

M L 
16 16 

... 
~ 
> 
~ 
i 
" 0 

\[/ 

K 

16 

"'-~-~-~ V 
BCD COUNTER 
HUNDREDTHS 

DECADE 

AUTO RATIOMETER 

0 

5 
~ 
X 

i 
" 0 

J I 

16 16 

"----~-) V 

: 0. 2 

4 

HUNDREDT HS 
REG IS TER 

* 

* 

MASS READOUT " DR1 
HUN DREDTHS DD 

I 

7 

I 
I 
I 
I 
I 
I 
I 

l 

I 

I 
I 
I 
I 

IPTCS.125/ 

oso 
[PTCS-1251 

~ 
I 
~ 
I 
I~ 
I 
I 
~ 
I 
I 

- -- ~ 

BCD TO DECIMAL 
DE CODE & RELAY 
DRIVE 

I 
I~ 
I 

I 
~ 
I 
~ 
I 
~ 

r------7 * 
0.01 RELAY DRIVE 0. 2 * CKT r----
~ 0.01 r--

0.04 I 0.02 

0.02 r-
0.04 

rT 
0.02 

lPTCS•1Z6) r---L __ __, 

+03 

,ow 

V\ 

10 

> 5 ™ 

I 
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-

-

BCD TO DECIMAL 
DECODE 8t RELAY 
DRIVE 

* 0.2 

OR3 (DEC . PTI ORI ORI OR1 

MASS READOUT % MASS READOUT % W.ASS READOUT % 

ITENTHSI (UNITS> ITENSJ 

11W OSB ,ow OS7 10W OS6 

(PTCS-124] [PTCS-123) IPTCS-1221 

AUTO RATIO· 
W.ETER PANEL 

i 

(0 BIT EXCLUDED) (0 BIT EXCLUDED) (0 BIT EXCLUDED) 

,. 27 

10 10 ( 12 ( 

10 

-11'11'•1
u

1JiJ1 11-11'1 · llil-ij1111 •L1111 111'1-U1•111 }l :::1 
1 1r1- 7 1 7 1 7 1 7 1 7 1 -- 7 
I I I I RELAY DRIVE CKT ·1 : I I I RELAY DRIVE CKT I I I I I RELAY DRIVE CKT I 

100 lDECI 

I I I I I I I I I I I I I I : 

L -.. '""":'. :. ~~O>ffi _ J L '""'1 r J L_ !I±* I II_ J L~ J ~~:., . ) L_ .. '"""'~. ~ ~""'"' _ J ~. ITTO ,., J 

,- -7 ,- -7 ,- -7 
I FF(41 I I FFICI I I FF(4) I 
I I TENTHS I I UNITS I I TENS 

I I REGISTER I I REGISTER I I REGISTER 

I {PTCS-124) I I [PTCS-123) I I [PTCS-122) I 

L _ _J L _ _J L _ _J 

,-Illll -7 
,- , 0 

I 
I 
I 
I 
L 

I FF I FF I FF 

I I I '1 BCD COUNTER 

I I I TE~~~~M 

[PTCS-1241 I (PTCS-12411 (PTCS-124) I (PTC-124I I 
_J_ _ _j__l_ ___ _J 

FF 

a: 
w 
>-z 

" ~ 
:r 0 ; u 

0 
>-

( 5 

I FF I FF I FF 1' FF I 

I I I I BCD COUNTER 

I I I I I TENS DECADE 

I IPTCS-1221 I [PTCS-1221 I [PTCS-122) I IPTCS-1221 I 
L _ j__ _J_ ____l__ _ - _J 

,- , 
I FF FF I FF I FF 

I I I I BCD COUNTER 

I I I I UNITS DECADE 

I [PTCS-123) I [PTCS-123[ I [PTCS-123I I [PTCS 1231 I 
L _ __j__L_L_ __ _J 

4.8KHZ T O COUNTER 480 HZ TO COUNTER 

AUTO RATIOMETER (CONTINUED} 
L 

15 

M 

15 

ORI 

,w 
MASS READOUT "' 
11001 
OS5 
IPTCS-1261 

( ~ 28~> __ ,._-----<e.>_@ 
f PTCS-43 ) 

12 

17 

(PTCS-23) 
17 

I DATA LINK I PTCR 

~~MP I I (LUTI 

INTERFACE 1-- - - - - - --I 
I ~--~ I LCC 

I DATA LINK I 

17 
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$-IV BPROP 
MO N PANEL 

X100 

LH2 AUTO MASS READOUT ,r. 
(ESE-166 & 187) 

X10 X1 X0.1 

lA 

S-IVB AUTO MASS DECODE 
(ESE-160 & 167) 

j\ 
17 

XD.01 

DATA ROY (1) .I' 

~ 
29 

V 

S-IVB LH2 
CONT&MON 
PANEL 

X100 

0511 

. LHz AUTO% MASS READOUT 
(PTCS-147THRU 15 1) 

X10 X1 X0.1 

0512 0513 0514 

lA 

C & M AUTO MASS 
DECODE LOGIC 
(PTCS-147 THAU 151) 

v\ 
17 

7 -
'-lV 

BIT 100 (I) 

~-----------__,27._ ___________ --, 

L1~~M~~J 
INPUT GATING 
BITS 0.1 THAU 
0.9 
[PTCS-138) 

111 

INPUT GATING 
BITS 1 THAU 
9 [PTCS-138] 

INPUT GATING 
BITS 10THRU 
90 (PTCS-137] 

X0.01 

0515 

(9) L 

(9) • 

DISCRETE 
GEN PANEL 

C/0 COMP 
THUMBWHEEL 
SWITCH ES 
(% MASS) 

S1 82 S3 

121,I, 121 , 12( 

DIGITAL 
COMPARATOR 

➔ 
(PTCS-140] 

No. 1 

LH2 C/0 COMP 
DISCRETE 
No. 1 

R 

18 

RECIRC 
PUMP 
ENABLE 

S4 S5 S6 

j I 
j 

121 121 121 

' \ lt ' 
DIGITAL 
COMPARATOR 

➔ 
{PTCS-140) 

No. 2 

LH2 RECIRC 
PUMP ENABLE 
DISCRETE 
No. 2 

s 
18 

J -

:➔ 

LOAD 
HE 
BOTTLES 

S7 S8 .. 
I 
j 

121 121 121 

' \lt ' 
DIGITAL 
COMPARATOR 

(PTCS.141) 

No. 3 

LH2 
LOAD HE 
BOTTLES 
DISCRETE 
N0. 3 

T 

18 

DISCRETE GENERATOR 

STOP FAST 
Fill 

S10 S11 S12 

l I - l -

121, 12~ 121 

" 
DIGITAL 
COMPARATOR 

:➔ 
IPTCS-141I 

No. 4 

LH2 STOP 
FAST FILL 
DISCRETE 
No. 4 

u 
18 

REPLENISH 
NORMAL 

S13 S14 S15 

l I - l -

121 121 121 ,, ,v ' 
DIGITAL 
COMPARATOR 

:➔ 
(PTCS -142) 

No. 5 

LH2 REPLENISH 
NORMAL 
DISCRETE 
No. 5 

V 

18 

STOP SLOW 
FILL 

S16 S17 S18 

-

➔ 

I 
l -

DIGITAL 
COMPARATOR 

[PTCS-142] 

No. 6 

/ 

LH2 STOP 
SLOW FILL 
DISCRETE 
No. 6 

w 
18 

SPARE 

S10 S20 821 

l I 
l 

DIGITAL 
COMPARATOR 

IPTCS-1431 

No. 7 

SPARE 
DISCRETE 
No. 7 

X 

18 

I 
FLT MASS 

LOWER 

S22 823 

I I 
l 

121 12) Iv \!t 

824 

121 
\lt 

S25 

1...,.12) 
DIGITAL 
COMPARATOR 

,, 
..,.121 

LH2 FLT MASS 
DISCRETE 
No. 8 

y 

18 

NO. 8 

----7 
RELAY 
DRIVERS 
(PTCS-140 
THAU 146) 

I 
I 

- ___ _J 

HIGHER 

S2G 827 S28 

I 
I 

I 

S20 

NEW 
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DISCRETE 
GEN PANEL 

LH2 EMER STOP 
FAST FILL 
(PTCS.-1451 

ONSIDE DISCRETE 
GENERATOR) ~----~ 

DIGITAL 
COMPARATOR 

(PTCS.-141) 

LH2 EMER 
STOP FAST 
FILL 

CHSCRETE 
NO. I 

RELAY 
DRIVER 
IPTCS-145) 

lW 
S1 

{REF. SH 
NO. & 
DESCRIPTIONS 
BELOW) 

JJ 

12 

INPUT 
GATING 
BITS 1 THRU 9 
(PTCS..146) 

Ill 

S-IVB LH2C&M 
PANEL 

·OM 

DISCRETES 
MAN 
OS24 
[PTCS-21) 

DATA LINK 

DATA LINK 

K2 IPTCS.21) 

+o14 

DISCRETES 

AUTO 

DATA LINK 

DATA LINK 

+oA 

St 

0 

(PTCS-21I 

+OM + DMI 

♦0 19 

T 

t DMI 

S8 

DATA LINK 

DATA LINK 

- OM 

MAN 
CMO 
OS31 
(PTCS-22) 

FLT 
MASS 
OS31 
[PTCS•22l 

DATA LINK 

DATA LINK 

+DMI +OM -OM 

DATA LINK 

DATA LINK 

OSJO 
MAN 
CMO 

DISCRETE 
GEH PAHEL 

os,o 

r- - --
1 

---------------------------------------+ 

·OA 

I 

L_ 

c:i z 

r-
1 

I 
I 
I 
I 
I 
I 
I 
I 
I,__ 

ii~ 
3:1 
~~ 
m~ 

, N 
o:z: 
Z-' 

N0.8 

MANUAL DISCRETE$ 

y 

17 

OS7 OS6 

., 
ii ii ~ 3 i t g - ., 
~« .. ..... 
i; c:i N_, 

z 3w: 

~ ~ I ~ ~ 
~ ~ 
~ .. 
c:i c:i i z z 

., 

Ost 

------

iii ii 
~ ~ 
~ t~ .. "''" i 

NO: 

'5:i 

-;,;:;.:.7 r 
MODULE I I 

I I 
I I 
I I 

I I 
I I 
I I 
I I 

oss 

ii ~ 
3 t; 

a:-' 
~ 

., ... 
:1.: 

~ g~ i 

.. 
~ .. 
i 

OS4 OS3 OS2 

.. ii ~ 
;=., 

~ i ~~tn 
~ ~~~ ~ .. .. ., 

f'I~~ 
N 

i 
N -' 

i 3~ :li'52 

.. i 
~ ~ ~ 
~ N 

c:i i z 

Kl 

OS1 

i 
"' ;:;., .,_, ~, 
3! 

i 
~ 
~ 

i 

K2 

i ! s ~ 

i 
N 

'5 

-----7 
RELAY MODULE I 

., 

I 
I 
I 
I 
I 
I 
I 
.I I I 

I I 
- -- -- -- -- -- -- - - - ...J I,_ -- -- -- - - -- -- -- -- -- -- -- -- -- ---- _J 

NO. 7 

X 

17 

N0.8 

w 
17 

N0. 6 

V 

17 

NO. II N0. 4 

♦017 

u 
17 

N0. 3 N0. 2 N0.1 

♦017 

T 5 R 

·17 17 17 

NEW 
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S-IYB LH 2 C&M 
PANEL 

-OM 

DATA LINK 

SPA.RE 
DSJO 

DATA. LINK 

!. 
18 

(SPARE) 

(- --

+OM! 

+ OM 

--~-l 
DATA LINK 

DA.TA. LINK 

K564 
{LH2 · 44 J 

·DM 

D529 D529 
MAH STOP 
CMD SLOW 

FILL 
[PTCS-22] 

DATA LINK 

DA.TA LIHK 

K608 

ILHz - 441 

W-i----------------- IC5S3 
S-IYB STOP 
SLOW FILL 

+ D 

(S- IYB FILL) 
DIR 

<OM ·OM 

----~ l D528 .,,,. 
2- -- MAH REPLEH ISH 

CMD HORM 
[PTCS-22] 

DA.TA LIN K 

DATA LINK 

18 

CHL 1S 

0 1-21,2 IHTEG 

l S-I CCUTOFF 
ESE -188J 

+ 40131 4DIR 

DA.TA LINK 

DA.TA LIHK 

_j_ 

18 

(HOT USED) 

S-IC RELAY RACK 122 

TERM LOX & 

DIR 

[REF LOX · 71] 

S-11 REPLENISH 
COMP LOGIC 
[LH2 -"I 

LH2 REPLENISH 

(T -116 SEC) 
LOX · 71 

K936 

TERM LOX & LH2 
REPLENISH 
INHIIIIT 
[LHz -'9] 

[REF LOX . 7 1] 

I 
I 

[ESE -147] 

K572 

.!!. 
18 

LHl°RESS ffi 
+15 SEC 
1(533 25 

TIME FOR1--r-- S- IYB 
REPLENISH 
COMP 

[ES E -173] [LHz -'9] 

+ 400185 + D DIR 
(S-IY B FILL) 

+ OM! 

+ OM 

" 2-- --- --

OA.TA. LIHK 

DATA. LINK 

:. 
18 

4DIR 

~:(:,, 
KSSS 
[ESE -1 71 ] 

+ .COIIO 

·OM + OM 

0527 
MAH 
CMD 

0527 
STOP 
FAST 
FILL 
[PTCS-22 ] 

(- - ___ "J 

.. ,. 
PTCR 
5107 
[LH z -•SJ 

DATA LINK 

DATA. LIHK 

.!!!. 
18 

LH2 FLT 

MASS 
[LHz -•SJ 

1(552 5-IVB 
STOP F/ F 

5-IVB IOOll [LHz . " 1 
FLT MASS 

DIR 

K456 

-ML6600 
[LHz -'5] 

@ 
I 

-- _J 

+ D 
(S- IYB FILL) 

5-IVI 

DATA LIHK 

DAT A. LIHK 

.!. 
18 

, DIR 

+-400185 

.!!. 
18 

K362 
LH2 F/F 

SENSOR 
WET 
(ESE- 141) 

·DM 

0526 DS26 
MAH LOAD HE 
CMD BOTnES 

IPTCS-21) 

DATA LIHK 

DATA LIHK 

.... 
S-IY B 
START 
COLD HE 
LOA.DIHG 
[LH z · '5] 

DIR 

. ..!!... 
18 

K493 

LH2TNK 
90~ MASS 
[ESE-171 ] 

DISCRETE-CONTROL LOGIC INTERFACE A.92A'3K 1-1 

WET (NORMALLY DE-ENERGIZED) 
c.cw,1 1

LH2 FA.ST FILL SUolSOR 

+,0119 

+OMI 

+ OIi 

( - ---~-l 
DATALIHK 

DA.TA LINK 

.i j 
18 18 

4 DIR 

+.C0110 

-OM 

0S2S 
MAH 
CMD 

0S2S 
RECIR 
PUMP 
ENABLE 

[PTCS-21] 

DATALIHK 

DATA UMK 

DIR 

K,s1 
S-IYI 
RECIRC 
PUMP 
ENABLE 
[LH2_. '5 ] 

NEW 
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5-I VB LH2 C&.M 
PANEL 

DATA LINK 

un UHE 
C/ D COMP 
ILH2 - IOJ 

DATA LINK 

18 

K16 PU 
1 MIN 
S-IVI 
STOP 
FAST 
FILL 
REVERT 
[LH2 -10] 

-DM 

DUI " 

DIR 

+ 0 1$-IVI Fl LLI 

DATA LIHIC 

DATA LINK 

1(551 
$-IVI 
START 
F/ F 
[ LH2 -<S ] 

0524 
CID 
COMP 

-~• -21 ] 

18 

00-19'3 

04 -!90 

K56' 5-IVB 
REVERT 
MEMORY 
[ LH2 -<S I 

18 

;~~00~ 
[ESE-147 ] 

5 - I VB PROP 
MON PA NEL 

20 DIR 

D0-1989 

Dl-1989 

DS 19 

LH2 F/ F 
SEHSOIIWET 
[ESE -1'7] 

.! 
19 

C'EV 

----------------------------------------------------------------

SPECIA L COMP 
PANEL 60X- 420A I 

OH INHIBIT 0 RE ADY TO 
DRAIN 

OH INHI BIT 

PROP 
EJ7 Ell 0 BYPASS El9 E.0 

/ 

Dl -2396 

l 6 o/o M ,._11 .5 

(e~E \1oJ 

READY~TO-LOAD LOGIC 

D1-2397 

0~1702 

+ 4D110 

K703 LOX 
SH UTDOWN VLV 
CLOSED [ES E -170 [ 

K628 LOX 
PREVLV OPEN 
[ESE -170] 

K-427 ASI LOX VLV 
OPEN [ESE -170 ] 

K-439 MAIN LOX VLVS 
ICLOSEO [ESE-170 ] 

RDY TO 
LOAD 
LOX 
IYPASS 

0 OH 

0 UI 

D1 -2398 

.) 

IHHIIIT 

U2 

01-2399 

00-1703 

+ 4D110 

K426 MAIN FUEL 
VLV CLOSED 

RDY TO 
LOAD LH 2 
IYPAU 

[ESE -170@ ___ ( 

~ I 

[ ESE -170 ] I 
I 

CLOSED [ESE . 170] I 

'((.4'.~#, : 
~ LH2 c&ff' VENT 
1in'fEF OVERRIDE ] 
_CLOSED ]ESE 170 j : 

IU90 LH 7 DIR VENT 
IHCHDPOS :nE-170 ) 

I 
I 

__ _J 

._; 

• •+40110 4 DIR 

DIR 

~----{CUV 

D0-1823 

D1 -1123 

0 
\!;-) 

I 

CONT PANEL 
5306 

D4R 

K541 S-IVI I 
RDYFOR -------- --- ---- ♦- ----
LOADING 

[ LH 2 ·" I 

uoo1u +,o.uo D171A 

' OSI 
S-IVI ROY 

· fOR LOADING 
ILH2 _.1] 

NEW 
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S-IVBGH/GN 
CONT PANEL 

20 DIR 

00-1731 

01 •1731 

(ESE-1911} 

OSB 
OK FOR 
3000 LB 
COLD HE 
(ESE-199] 

S-IVB STG PRESS 
PANEL 

CLOSE 

D1- 2199 

00-1603 

+200141 

AUTO 

K453 
LH 
TNK 

"°" MASS 
[ ESE- 197) 

+200241 

DI· 2198 

K498 COLO HE 
BOTTLE · SUPPLY 
DISABLE 

... ----~ [ESE-197) 

-+40110 

K405 S-IC 
IGN IESE•197) 

4 DIR 

DSV-48 -433A 
PNEU 
CONSOLE 

+40310 

403R 

-+401 10 20D2R 

CONT PA NEL 
5306 

4DR 

RDYT 
DRAIN PROP 
ESE -1461 

COLD HELIUM LOADING 

DI- 1882 

.,, 
20 

ROY TO 
LOAD LOX 
IESE -1461 

C4EV 

4 DI R 

M DZ1120. 

S-IVB 

COMP PANEL 
5306 

D4R 

0S21 
S-IVB TNK 
OVERPRESS 
ILH 2-90] 

OAl ,.. LINK 

DATA LINK 

....,, .. 

K561S-IVB 
TNK 
NOT 
OVER· 
PRESS 
[ LH z- 49] 

4 DI R 

- {2s\ 
~ 

IESE-171 ) 

+0171B 

-+4015 

1...r.,IX. 

FLH :2, f2..Ev'e.~,- pizes ~ 

:-M O~ 1..'i 38 ,f F&K6Z z_ 

28-31 PSI (C LOSE S WITH 
INCR EASING PRESS) 

--G 
GND 
FUEL 
PRESS 
SW 

IC-CJ/11 

S-IVB LH2 TANK OVERPRESSURE INDICATION 
NEW 
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,---- - ------------------------------------------ - - -, 
I 
I 
I 

I 
I 
I 

I 

e9 ~f~l--~~?-· 
@- l'-"2"'1 

DIR 

K537$-IVB 
LIO SEN WET 

6u._ __ 
~ 

K8 30 SEC 

"'iiVBL10 -
SENSOR DRY 

+0172A 

K7,U 10SEC 
S-IVB FILL VL V 
REDUCED (LH2-68J 

K442S-IVB 
FILL VLV REDUCED 
IL-I 

K412 
ILHz.7VJ - - -

K574 
$-IVS 

__pR~-
c,-
ILH2-701 

01• DIR 

+O(S-IVB DRAINI 

K584 
$-IVB 

DRAIN SUMMARY 

K14 
PU1MIN 
S.IVB 
DRAIN 
COMP 
(LHz-70) 

--7 
I 
I 
I 
I 

_ _j 

+0171B 

tiD.._ __ 
'\Iv. 

K470 

,-
1 
I 
I 

L 

DIR 

K596 LIFT OFF 

ALL SEQ 

CMDILJ12'71 

§_ _ _ 
~ 

"572 
s.iva 
REPLENISH 
.,._ ILH2'7l 

KfiC! 

S-IVBFILL 
LINE PURGE 
HOLD ILH2'7l 

,-
1 

I 
I _ _.__ 

+otnc 

·s:-,W lite LINe- - -
DRAIN VLV OPEN 

ILH:,<171 

S.IV■ UMB Fill 
LINE PURGE 
(NOT SHOWN) 

/1?\ 
0 

- ------•--@ 
DIR 

K128$-II FILL 
SEOCMO 

ILH,.;.J 

--- ----------~------- --7 
I 
I 
I 
I 
I 
I 

K553 

S-IVBSTOP 
SLOW FILL 

.!;!5 __ _ 

~ UNEC/D 

'_1° ____ ~:-
(30\ 
~ 

j 
S-IVBF&DVLV 

K411 
S-IVB 
VLV fld> 
CLOSED 

OP~IJ --

G\ _ =.. 
~ REPLENISH 

VLV 
CLOSED 

!. 
27 

S-IVB FILL 
REDUCED 

S-IVB UMB 
LINE DRAIN 
(NOTSHOWNI 

S-IVB REPLENISH 
(OVERRIDE OPEN) 

IL-I 

K15 
OVERRIDE 
OPEN 
IPTCS-18) 

-OA 

-----~

' --,-
K561 
S-IVB ST ART F/F 

K552 

s:ivesrOPF/,] 

@ 

1!. 

27 

S-IVB FILL 
OPEN 

1 
I 
I 
I 
I 
I 
I 
I 
I 

S.IVBVEH 

VENT 

VALVE SEQUENCE COMMANDS 

1 
I 
I 
I 
I 
I 

'-

$-IVB REPLENISH 
ENABLE 

------4--
~ y 

I 
+OCREVERTJ I 

I 

I ....__ 

K-
s:ia,i:iva- - - - -
REPLENISH 
.,._ ILH:,<171 

T+OCREVEIITJ 

-- KM4 
s.lVB REVE"T 
MEMORY 
ILH:,<17) 

S-IVB FILL 
VLVCLOSED 

s-tV8F6D 

.__--4.__---<II 

28 

S-IVB 

DEBRIS 

~·
~ 

DIR 

1(571 S-11 REPLENISH CX)llf' (Lff2,NJ 

SWING ARM 
PURGE 
(NOT-I 

NEW 
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AUX COMP 
PANEL 

- AUTO 
REVERT 
IHHIIIT 

+D4 l1C 

l 

I DATA LINK I 

DATA LIHK 

K227 
S-IVB AUTO 
REVERT 
INHIBIT 
(LHz-79'.) 

DIR 

- - 6D. 
~ 

PATCH RACK 
S319 

1 l 
J,O .! 

0 NN 

I DATA I.INK 

DATA LINK 

+ 0421C 

,sol 
l 

A 

,, !! 

I I DATA LIHK I 

DATA LIHK 

~-'\EJ . 

DIR : 

K600 
FILL 
SEQ 
LOCK 
(LH2 
-73) 

K553 
S-IVI 
STOP SLOW 
FILL (LH 2 -731 

K225 
VLS AUTO 
REVERT 
INHIBIT 
(LH 2 -79Al 

KS,9 
S-11 STOP 
SLOW 
FILL 
(LH2 -73) 

K541 
S-IVB 
ROY FOR 
LOADING 
(LH 2 -731 

K571 
S-11 
REPLENISH 
COMP 
(LH2 -73) 

+D1718 

K130 
STORAGE 
AREA DC 
PWR OH 
(LH2 -73) 

1 

T----@ 
1 
I 

l ___ -@ I 22 

1 
I 

K540 S-IVB TNK 
COMPUTER ROY I 

l ___ ~ 
1 \39 

l 

K532 S-11 
TNK 
COM PUTER 
ROY 
(LH2 -73) 

K567 SYS 
ROY 
(FILL) 
{LH2 -73) 

I 
I 
I 

DIR 

K528 
STOR AGE 
AREA 
750 PSI 

I 
(LHz 73) 

K536 
BURH 

T BOHO 
IGNITER 
(LH2 -73) 

Kl9-4 
PTCR 
POWER SW 
(LHz -73) 

1 
K531 S-IVB 
TOWER PRESS 
750 PSI 

I 
(LHz -73) 

J 
K530 S-11 TOWER 
750 PSI PRESS 
(LH2 -73) 

K535 ML DC 
PWR (LHz -73) 

l K572 

@ S-IVB 
--- REP LENISH J COMP (LH2 -73) 

K1S7 
S-11 
PRECOND 
COMP 
(LH2 -73) 

1 KSJJ S-11 
ROY FOR 
LOAotHG 
(LH2 -731 

K566 SYS 
ROY (DRAIH) 
( LH z-73) 

DIR 

LCC 
CONT PAHEL 
5305 

S3 
DRAIN (LH2 -SI) 

DATA LIHK 

DATA LIHK 

K542 S-IVB 
ROY FOR · 
DRAIH (LJ.t 2 -73 ) 

~ 
~ 

I 
I 

I 

G 

0550 
STNDBY 
(DRAIN) 
(LHz -59) 

w 
OSI DRAIN 
SEQ (L H2-S9) w 

DATA LINK OATALIHK DATA LINK 

DATA.LINK DATA LINK 

- -------- - - ------7 
I 
I 
I 
I 
I 

--7 : 
I 

DAU, LINK 

K1'7 STORAGE 
THK VENT VLV 
OPEN (LH2 -59) 

o•R 

0552 
VENT 
STORAGE 
THK 
(ORAIH) 

KS86 
DRAIH 
PILOT 
(LH2 -731 

____ J __ _ __ ______ _ 

K534 S-11 ROY 
FOR DRAIN 
(LH,-73) 

®----
K576 S-IVB 
DRAIN COMP 
+ I MIN 
(LH 2 -59) 

I 
I ._ __ __ _ 
I 
I 
I 

I ----1 
I 
I 
I 

I 

I 
I 
I 
I 
I + 01718 

--_J ---------Tl __ _{24\2
4
5 

K132S-II ~ 

KlJJ 
S-IVB 
DRAIN 
5EQ. 

(LH2 -
DRAIN 
SEQ 
(LHz -59) 

r:::tr:::::::~::::::::::::::::::::::::::::::::::::::::::::r::::::::::.:) 
+ 0 171A DIR 

READY-TO-LOAD AND -DRAIN LOGIC, 
DRAIN SEQUENCE CONTROL 

DIR + O (S- IVB DRAIN) 

0553 
VENT 

G COMP 
DRAIN 

DATA LINK 

DATA LIHK 

K525 10 PSI 
STORAGE 
PRESS 
(LH2 -59) 

DS6< 
LINE 
WARMUP 

w (ORAIH) 
(LH

2 
-61) 

DATA LINK 

DATA LlfolK 

COMP 
(DRAIN) 

K179 
A.FER 
LINE 
VENT VLV 
OPEN 
(LH2 -611 

OS36 
LINE 
DRAIN 

G 
COMP 
(LH2 -61) 

DATA LINK 

DATA LINK 

os,2 
LIHE 

w DRAIN 
(LH2 -61) 

DATA LINK 

DATA LIHK 

KSl5 
LINE 
DRAIN 
SIMM 
(LHz -41) 

(LH2 -61) ..... _______ _________ J 

DIR 

@ 
I 
I 

K600 
FILL SE Q 
LOCK 

----@ 

K610DR:N l SEQ LOCK 
(LH 2 -59) 

+ 01718 

NEW 
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CONTROL PANEL 
5305 

S9 STOP 
DRAI N [LH 2 -58] 

DATA LIHK 

DATA LINK 

+D421C 

K531 
S-11 
RUPTURE 
DISK 
[ LH 2 -58) 

3 

S-IVB PROP 
MON PANEL 

s-w 
REVERT 

~r:E~~ . 
[ LH 2 . 78] 

KS39 S-IVB 
RUPTURE DISK 
[ LH 2 - 58] 

HORM 

DATA LINK 

DATA LIHK 

K586 
[LH 2 - 58] ' ---- - ------------- - ---- -------

DIR +017JA + 01718 + D172A 

l 
+ D171C 04R 

S-tVB 

DS90 LH2 
THK HOT 
0 / F 
\ E5E -1<6] 

20 DIR 

D0-1781 

Dl -1781 

K359 

CONT PANEL 
5305 o•• 

DATA LIHK 

DATA LIHK 

+ D(R EVERT) D4R 

S-IVB PROP 
MOH PANEL 

- EDV-18 

+0421C 

LH 7 
REVER T 
[ES E · 158\ 

1(1126 
LH 2 
REVERT 
[ESE . 158 ] 

-EOV-18 + 2001'1 

K299 
(u, ,. 79] 

IHTEG 

+ D CS-IVB FILL) 

CONT PANEL 
5305 

KS61 
·S-IVB TMK 
THK HOT 
0 / P 

+D4 21C 

----------------------------- ----- ®-
[ LH,·79] 

K588 
S-IVB TM K 
PRES.S 

S-11 

K568 REVERT 
TIME OUT 
[LH 2 • 791 

w_ __ _ 
\2,) 

~-
'07 

K225 ~-
VLVS AUTO ~ 
RE VERT INHIBIT 
[LH 2 • 79 \ • 

K572 
[ LH2 . 79 \ 

K227 S-IVB 
AUTO REVERT 
INHIBIT 
\ LH 2 - 79\ 

K 141 
PILOT 
FILL 
[LH2 • 79 ] 

K586 
PILOT 
DRAIN 
[ LH 2 - 79 \ 

S2 
REVERl 
[ LH 2 • 79] 

-t 0422C 

DATA LIHK 

DATA LIHK 

+017 1C 

T 

Kl28 
RE VERT 
[ LH 2 · 79] 

DIR 

KS62 
S-IVB 
TNK HOT 
D/ F 

i l .... ,., 

+ 40119 

401R 

A92 A24 Kl -2 

~:Js~~Eii~\~ET 
(NORMALLY ENERGIZED} 
jC-CU/3\ 

+01 72A +0 1728 +O(REVER T) DIR + 400115 

REVERT SEQUENCE CONTROL 

D•• 

COMP PAHEL 
5306 

DS20 
S-IVB THK 
OVE~
FILLED 
[ LH2 · 90 ] 

o•• 

DATA LIHK 

DATA LINK 

+ O (REV!RT) 

K27 
REVERT 
(HOWR) 
[ LH 2 - 79 ] 

t D171A 

__ G,"-, 
~ 

+ol111 

NEW 
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COHT P.I.HEL 
5305 

Sl 
FILL 

DAT.I. LINK 

DATA LIHK 

DS18 
STANDBY 
{LH2 -51 J 

DATA LIHK 

DATA LIHIC 

+ D171A 

K141 
PILOT 
FILL 
[ LH2 -51 ] 

-------, --- ,---

._ __ _ 
I 

I 

1 
I 

I 

®-----
K128 
REVERT 
[ LH2 -51J 

K133 S-IVB 
DR.I.IN SEQ 
I LH2 -511 

+ D17U. 

KS65 
STHBY 
RDY 
(FILL) 
[ LH2 -51] 

D4R 

DATA LINK 

DATA LINK 

DS19 
FILL 
SEQ 
{LH2 -51 J 

+ D172 B 

®----

®----- -- - -7 
I 
I 
I 
I 
I 

O4R 

DS20 
PRESS 
STOR.I.CE 
THK 
[ LH2 -S2J 

DATA LINK 

DATA LINK 

K165 
MAIN VAP 
CLOSED 
[LH2 -52 J 

D4R 

OS 21 
STORAGE 
THK PRESS 
[LH2 -S2J 

DATA LINK 

DATA LINK 

KS 26 
65 PSI 
STORAGE 
PRESS 
[ LH2 -S2 ] 

+ D182H + 40D185 

(TO LOX SYS) 

K560 
LH2 T.I.HK 
PRESS 
CMD 
[ ESE-173] 

KJJ7 
S-IVB THK 
PRESS 
[L Hz -48 I 

/48\ 
Q9 l----+----'-- - --------;----- -1~--- ----1r---~1

--------------\ (TO .1.UTO 
I SEQ MOH 

DIR 

K580 ST ART 
S-IVII C/ 0 
[LH z .s1 I 

K127 S-IVB 
FILL SE Q 
CMD 
[ LH2 -S1 J 

DIR 

+ D ( S-IVB FILL) 

+ D1718 

I 
I 
L ____ _ 

DIR 

K126 S-11 
FILL SEQ 
CMD 
[LH2 -51 J 

/ [LH 2 -SJ J 

I 
I 
I 

I 
I 
I ____ _J KS88 

S-IVB 
THK 
PRESS 
[ LH 2 -48] 

_ _ _Ljj'\, 
~ 

DIR 

K600 FILL 
SEQ LOCK 
/LHz .52 / 

DIR 

S-IVB LH2 FILL SEQUENCE CONTROL 
PRESSURIZATION COMMANDS 

DIR 4 DIR 

~ 
~ 

Dl -1938 

K411 LHi 
LATCHING 
RELIEF VLV 

I CLOSED 
[ESE- lU J 

(30\_ __ -- KSOJLH;i 

~ VENT CLOSED 
/ ESE- 1114 ] 

[ESE-114 J 

4 DIR 

,---
1 
I 
I 
I 
I 
I - ___ .._ ______ _ 

KSS5 
LH2 THK 
PRESS 
ESE-18' 

+ 40110 

D0-194' 

Dl-19411 

®---- KS22 LHz 

THK MIH 
LIFT-OFF 
PRESS OK 
[ESE-188 J 

CHL12 

IHTEG 

4 DIR 

NEW 
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0AU, Ltt,11( 

+O" 

0532 
REPLENISH 
VLV ENABLED 

(PTCS- 17 

AUTO PJtfUMA TICS 
CONVIUTII DIIVE 

~ 
13 

!. 
13 

@---

" A" CUI HMT JO 
A.II XDUCU 

co, .. oMENTS 
, .,.nUM 

-011 

-+ O t ilUJIUAll 

. .,. 
{LHz -111) ·~· EHASLE 

I OAT.A Upt._ I 

l\S 
OYElltlOE 
OPEN 
(PTCS ,11( 

R 

2Z 

Kil 
( PTCH7 ] 
REPLENISH 
VLV 
ENABLE 

MAN PNEUMATICS 
CONVERTER DRIVE 

.... "" 
12 12 

" I " CURRENT TO 
All J DUCU 

I 

' ... 

• os n OS10 G 

CLOSl!O o,, .. 
( Lllz · 111) I LHz •! 11 1 

DA.TA LINK l I 0"'14. LIM 

0 AU, ll Nl 

. 

OSII G 

TMIOTILI 
lL"t •t1•J 

I I OATA LI ... 

OA't'A LIJIUI 

l 

@ 
I 
I 
I 

S-IVI PIOP 
MON f'ANIL 

•EDV 11 •• 

• OIA .... DYO • -CL051D O'IN TNIOTTLE 

(Hf- lffj (Ul•1ff] {U f •I"] 
I 
I 
I 

I 
I 

~ 

1 

I 

----- - --- --------------- -- 4 --------- -------- - --------------- -- -- - ---- ---- - --- -

t D1710 1 01710 

-------------------- - ------- J----- ---- -- - -

LH> 

IIPLl:N"" 
'IA.l YI 

DIA 

DA 

OSll G DU. 
'¥ L" CLOUD VLV OPIN 

[ LHl•II I 

0 .6.TA LINIC 

O.UA Lltlk 

!OJ' 
I LH] 118] 

.... 

-- "° --I --
VLVOPE'4 

•Q • D 

S-IVB LH2 REPLENISH VALVE CONTROLr• 

FRM. 2 OF2 

DATA llNIC DATA LINK 

DATA LINK DATA LIHI( 

.. 011 t 0 1l 

T T 

u 

i ., 
◄ ... ~ 

~ " .. 
3 3 
u u .. "' 

I 
0 

e 
0 o. 

7 -, 
> I 

- - ..,. __ ____ ___________ _J 

.. .. 
" A"' C AS SUPPLT ·•&"G~ SUPPLY 

!>O\.f:,fOIO SOLEt-lOIO 

( LH, •llfl (LH) ·119( 

♦DA 

LV COHT 

DW 
H PLflllSM 
'tl..V AUTO 
( PT0.17 ) 

rf~ LfHl$11 

MAH AUTO 

DATA LINK DATA LIHl 

DATA LINK DAT.6. LINJ. 

+OIi •018 

T -J jPTCS-
17( 

------- -----

., .. e .. :, a . 
u 
► ◄ 
~ 
:, 
◄ 

-1 
-0 ·• •• 

[ LHl · llti 

[ FRM. I OF 2 

·""' 

DUS 
REPLl!MIMi 
YLV MAH 
( PTCS.17) 

··• 

DS3 AUTO 
PNlU OH 
fPT0.17) 

DAT 4 LINK DATA Lit« 

DUA LIHK 

© 

LHz 

REPLENISH 

tD ~ 
VCA 

CD--~ 
+o 

" A" CAS 
SUPPLY 
(LHl .lit( 

·DA 

OS-4 AUTO 
COMl'UTEI 
AOY(PTCS.17} 

DATA LINK 

KIi 
.t.UTC 
PWR OH 
[P TC>- 17] 

1TO INSTRUMENTATION 

..,.. 

DATA LIKK 

O,HA LINK 

0 --~ 
CD--~ 

+o 
" 1 ·· G,U 
SUPPLY 
( LH1 -llt ( 

.... 

OS7 WjN 
OOWUTU 
IDY 

( PTCS.19 } 

DATA LOO( 

k 13 
"'-lN PWR OH 
1,rcs . 1,1 

... 

L"2 
REPL ENISH 
YA.LYE 

( LH2.t1( 
· WI 16'LM5" 

VL.V ,OS 

DATA LIHK 

DATA LINK 

DIR 

DjI=J ...... 
COM 

..._ _____ _ _____ ---\ (TO IMSTIIUMIHTATIOM) 

._ __ -. ____________ _, (lO IMSTIINIIITATIOO() 

11 
( LH1 -U I 

REV. A 
15-26 



COW'ONENTS 
PANEL 5306 

DATA LINK 

DATA LINK 

+o171C 

... T --------- ----
lLH1'114) 

K446 

K300 

.... 
(LHz-114) 

+o(MAN) 

~ .... 7: 
AUTO 

OPEN REDUCED 

CLOSED 

DATA LINK 

DATA LINK 

.... 
(LH2-114) 

DATA LINK 

DATA LINK 

t-0171C 

T 

DS2S 
5-IVBFILL 
VLV 
ENABLE 
ILHz-114) 

D4R 

G 

--------------

D171C 

... I 
[LH:,-114( 1 

ENABLE 

$13 
(LHz-1~41 

0 

+0182C 

1141 

+0182C 

- --- -----...-

5-IVBPROP 
MON PANEL 

DStiO 
LHMAJN 
FILL VLV 
REDUCED 

+D182C 

-~ 

-EDV-18 

w 

<0182C 

- -- -

L .. ~ 

[U0-1M[ 

J 

CIM'ONENT 
PANEL530& 

D4R 

DATA UNK 

DATA LINK 

... 
(LH?-1151 

OSI 
REDUCED 
(LHz-115) 

D4R 

DSI 
Q.OSEO 

ILHz,-115I 

DATA LINK 

DATA LINK 

r-------
1 

K660 I 
[LH:,- I 
115) 

: [LHz-115I 

I 
I 
I 

5-4VBP'ROP 
MON PANEL 

i 
DIR +o421C 

---7 

.... 
----- ----- - -,-------- ---- - ILH2-115) 

I 

I 
__ _j_ __ ---------------

(LH2-115) 

-EOV-1I 

IESE-1581 

a-oNENTS ·--- -
G 

DATA LINK 

DATA LINK 

.... ----- --- -- ----- --------- - ----- ---- ------------- -------- - ---------- ----- ----- ---------- ----- - -- ------- . ... 
(LH2-115) 

D4R DIR DIR DIR +01720 DIR DIR DIR DIR DIR D4R DIR D4R DIR 

PROPOONT 
CONSOLE 

(LHz-114) DIR DIR +o421C 

S-IVB LH2 FILL VALVE CONTROL 

DOR 

$-IVB FILL 
VLV 

+0182A 

K332 
(LH2-115J 

DIR DIR 

+0182A 

... , 
s-rva 

FILL VLV 
CLOSED 
(LH2-115) 

_.tiu 
~ 

DIR DIR 

.... 
S-IVB FILL 
VLV 
REDUCED 

(LH?-115) .... 
S-IVB 
FILL VLV 
OPEN 
(LH2-115) 

DIR 

£jo\ 
'0} 

+01720 

NO 

OPEN 

+0182A 

llS7 
CftN 

l'-!'4z,-115J 

DIR 

.. 
IL.Ht--

S-IVII P'ROP 
IIONPMIEL 

+Ol21C 

w -· LH MAIN 
FILL VLV 
CftN 

[UE-1N) 

NEW 
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K42 
(LHz-107] 

COMPONENTS 
PANEL 5306 

+0171C 

T 

DIR 

DATA LINK 

DATA LINK 

+OIMANI 

I 5 - IVB 
DEBRIS 

VLV 

~Ht-107] 

OPE LOSE 

AUTO 

K127 
FILL 
SEO 

DATA LINK 

DATA LINK 

- _/26\ 
CMO 
(LH2-107) ---v 

K401 

$ 7 

K332 
(LH2-107) l 
------ - ----------- +0182H - - 1 

_/34\ -w 
K402 (LH2-107) 

~ 
\I!} 

K321 

1----
1 

I 
I 
I 
I 
I 
I 

_ _!_ ____ _ 

I 
L ___ _ 

K335 
ILH2-107) 

S- IVB FILL 
VALVES 
OPEN 

I 
I 
I 
I 
I 
I 

_J 

------- ------- ----- ---------- ------- --- --------------

DIR DIR +01720 DIR 

!FUTURE 
USE) 

K400 

S-IVB LH 2 DEBRIS VALVE CONTROL 

DIR DIR 

K323 
LIFT- OF ± [ESE- 14 --- ---

40IR DIR 

K332 

IESE-149] 

(ESE-149] 

DEBR IS 
VLV 

PNEU CONSOLE 
OSV-48-432 

S-IVB PROP 
MON PANEL 

+200141 +200241 

~ J ____ !.'._~:IC' _____ I 
CLOSE OPE N 

AUTO 

01- 0636 DI - 0637 

00-0636 00-0637 

+40310 

--------

I ~~-,.,r_- ---- (37\ 
~ 

K328 LH2 DEBRIS 
VLV CLOSE CMO 
(ESE-148) 

40IR. 

+40110 I (ESE-1491 

K331 I 
--- ~~1_:_ I----- ------

1 

I 
___ _J 

PATCH RACK 
6616 

42DIR 

__ __ _ ---,- __ -r OPEN_ 

I 
'---"--•_j 

401R 

K3211 
LH20EBRIS 
VLV 
OPEN 
CMD 
(ESE- 1481 

K332 
(ESE-150) 

IESE-160I 

+420110 

42DIR 

40IR 

,t-40110 

K357 
IESE-149I 

K331 
(ESE-150] 

S-IVB LH2 
DEBRIS VLV 

IESE-150] 

K330 
IESE-149] 

D1 -2fi94 DI -2695 

OS .. 
LH2 DEBRIS 
VLV W 
CLOSED 

2002R 

K33l ' 

+200141 

+200241 

20DIR 

0588 
LH2 DEBRIS 
VLV 
OPEN 

2002R 

w 

K332 ' 
.(29\ 
'Qv 

+200141 

NEW 
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COMPONENTS 
PANEL s.306 

+D421C 

DIR 

DIR 

04R 

DATA LINK 

DATA LINK 

K72 
ILH:z- 1081 

IS-IVB LH2 DEBRIS VLV) 

DS5 
OPEN 
[Lt12 · 108) 

DIR 

+0421C .... 
(LH2-108l 

DIR 

5- IVB DEBRIS VL V OPEN 
(TO VLV MON LOGIC) 

®-- ---
®-- ---- K399 --7 

ILH,-1081 I 

e--

"400186 

K406 
(LH2-108l 

i-0171D 

K40I 
(LH2-108) 

i-01720 

I 
L __ 

04R +OlMAN) 

H2 F&D VLV 

w CLOSE Ol'EN DS6 
CLOSED 
(LH2-108I 

J2
H2-109J 

,---------c >--------, 

DIR 

7 
I 
I 
L 

DATA LINK 

DATA LINK 

K73 
(LH2-108] 

+01720 +01710 

DATA L INK 

DATA LINK 

K127 

~-
~ 
r:;;-\_ __ 
~ 

K408 
(LH2"109) 

@_ __ 
'-!V 

DIR 

K332 

DIR 

"400186 

~ 
\V 

DIR DIR 

+D1720 

DATA LI NK 

DATA LINK 

K407 
[LHz.109) 

DIR 

K43 

04R 

+D171C 

S-IVB PROP MON 
PANEL 

+200141 +200241 

r-------CJ _____ :_"'~-----I 

01 - 0635 

00-0635 

n . 
1481 

+401 10 

+40110 

K325 
LH F&D VLV 

Ol'EN 

~:t,'.:'j l 
4 DIR 

5-IVB 
STAGE 

+4D110 

BOOST 
CLOSE 

+40110 

01 - 0634 

00·0634 

®--- ----

4 DIR 

KJ24 
[ESE-148] 

2002R 

+4D1 5-: 

2002R 

4 DIR 

L H2 FILL 
AN D DRA IN 

VALVE 

+40131 +40131 

-- ----,-

BOOST CLSO 
PILOT VLV 

200IR 

00-1826 

0 1-1826 

K326 
[ESE-148) 

40IR 

Of'EN PILOT 
VLV 

DS95 
F&D VLV 
CLOS ED 

-,-I--
__ _j 

4DCOM 4DCOM +4D119 

01 -2693 

4 DIR 

+4D119 

DS87 
F&O VLV 
Ol'EN 

2002R 

K1102 
(ESE-148I 

-t-200241 

200IR 

+200141 

--------------------------------------------'NEW 
S-IVB LH2 FILL AND DRAIN VALVE CONTROL 15-29 



COMPOHEMTS 
PAHEL 5306 

l 
K79 

DIR 

+ D421C 

-140 0185 

A __ 
~ 

K326 

[ESE 172] 
LH F 8,. D 
VLV CLOSE D 

K4U 
[ LH 2 -109) 

DATA LINK 

DATA LINK 

DIR 

i 
+- 01710 

OS, 

CLOSED 
[LH2 -109) 

S- IVB LH2 FILL AND DRAIN VA L V E 

K78 

DIR ··i 

I 
I 
I 

I 
t----
1 

+o,21c 

~ 242 -- 1(412 I..E/ [ LH2 -109) 

F&O VL V 
OPEH 

DIR 

K41 I 
[LH2 -109) 

F&D VLV 
CLOSED 

K407 
[LH2- 109] 

DIR 

o•R 

OS) 
OPEN 

(LH 2 -109 ) 

DATA LINK 

DATA LINK 

(:2\ 
tlV 

DIR 

+400185 

S-IVB STACE 
PRESS PANEL 

DIR 

20 DIR 

DO -1732 

DI -1732 

l 
i4D110 

--® 

I 
+ 01720 + 0 1720 +01720 

K409 

l 
+ 01710 

K327 
(ESE -172) 

LH F & D 
V L V OPEN 

K4 l 3 
(LH2 -109( 

-- (Ju 
'09 

S-IVB LH2 TANK VENT VALVE CONTROL 

DS51 
REQ 
LH2 TMK 
VENT 
OPEH 
{ESE -182 j 

S-IVB STACE 

DI -2652 

KSOJ 
LH2 TMK 
VENT 
VLV 
CLOSED 

4 DIR 

I ----- 0 

-1 40119 

K1131 

DS3S 
LH2 TMK 
VENT 
CLOSED 
f ESE -183) 

20D2R 

[ ESE -183 ) 

20 DIR 

➔ 200141 

I 
I 
I 

DI -2653 

__ _._ ___ _ 

LH2 TMK 

VENT VL V 

➔ 200241 

.+ 40119 

K504 
LH2 TMK 
VENT 
VLV 
OPE"' 

4 DIR 

DS27 
LH2 TMK 
VENT 
OPEH 
[ ESE -183} 

20D2R 

20 DIR 

w 

____ K1132 

iESE -183( 

+200U1 

l 
1200241 

COMPONENTS 
PANEL 

04R 

w 
OS2 
CLOSED 

DATA LINK 

DIR 

K422 
[ LH2 -110 j 

(ESE -11 

H0D1 85 

l DIR 

+ 01710 

Jm•1 
+400185 

OSI 
OPEN 

04R 

G 

DATA LIHK 

DATA LINK 

+ 01710 

NEW 
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1-0 (S..I VB DRAIH)------1--------------- ------------------------------------------------------ -------I 

ffi F&D VLV OPEN K,1 2 

S-IVB FILL LINE 
LIQ. SENSOR HOT ---------' 
WET K537 

KK 

40 34 

K127 S--IVB 
FILL SEQ CMD 

K"2 S--IV B 
FILL VL V REDUCED 

+ D1718 --+--_.._ __ _, 

K596 HOT I IFTOFF--+---+---<0--< 
+2 MIH. 

• 
K7 PU 10 SEC 
S.- IVB FILL VLV 
REDUCED 

+D 
(S-I V8 
FILL) 

DISCRETE --------t 
HO. 6 LH 2 
STOP SLOW 
FILL 

Ks1, X ~ 1--l._-'S-0 01v'--B'--DR_A_l_" _C_OM- P--~-- -lt------------------tv>--------------------I 

+0 (S.. IVB 
DRAIN) • 1 MIH 

DELAY 

+ O (S- I VB 
DRAIN) 

K17 

HOT S.-IVB 
REVERT MEM 
Ks.I< + 1-----<1>---- K60_ a_ s.-1v-.-------- -------j 

• 

FILL VLV 
REDUCED 
REVERT 

DS29 STOP 
SLOW FILL 
S.. IVB LH2 C&M 
PANEL 

K576 

• 
DEE 

KIS 

• S-IVB REPLENISH 

(OVERRID E OPEN) 

REC 
PT 

S12&S13(TWS) 

MAH.REPL ENISH 
VLV CONT S•IVB -------1 
LH2 C&M PANEL 

+OM 

K12 REP 

VL V ENABLE 

+D19 

DEE 

DS32 REP 

MAH. 
REPLENISH 
DRIVE 
AMP 

VLV ENABLED 
S-IVB LH 2 
C&M PANEL 

MAH.DRIVE 

SIGNAL TO 
" B" CURRENT. 
TO AIR 
XDUCER 

AUTO. DRIVE 

SIGNAL TO 
" A" CURREHT
TO-AIR 
XDUCER 

NOTE: AHA.LOG 
SIG REPRESENTED 
AS A DIGIT AL SIG 

REC 
PT 

K35 LIME CI D ________ _j 

cc 
38 

L 

35 
B 

33 

+D17 --------l 

DISCRETE ______ _, 

HO. 8 LH 2 
FLT MASS. 

TERM.SEQ _ _____ _, 

CHL 15 

1(9)6 TERM. 
LOX & LH2 REP-----------------j 
INHI BIT 

K<s.l 
s.,ve 100% 

FLT MASS . 

K533 
TIME FOR 
LH7PRESS. 
+ 15 SEC 

.. ,0131-------I 

HOT SIC - -----1 
CUTOFF 

• 

TH IS PAGE 

0_1-27'2 

,-- -7 
ML I 
COMP I 

I I 
L- - - ...J 

TERM.LOX & LH2 REP _ _____ _, 

( T- 186SEC ) 

K572 S- IVB 
REP COMP 

+ O 
(S-IVB 
FILL) 

COMP MEMORY 

GG 

40 

37 

NOTE: 
PTCS DATA UHK 
HOT SHOWN; REF . 
ELECTRICAL SCHEMATIC 

S-IVB LH2 AUTOMATIC & MANUAL REPLENISH VALVE DRIVE 

REPLEHISH 
vc;. 

00- 1943 
CliEV 
LH2 100~ 
MASS, 

NEW 
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.e 

SU REPLENISH VLV 
OVERRIDE IH MAH . 
S-IVI LH2 C&M 
'PANEL 

+DA 

SU REPLEHISH VLV 
COHT IH AUTO. 
S-IYI LH2 C..M 
PANEL 

K, 

K6 

+011 

+013 

+011 

DSJS 
REP VLV 
MAH. S-IVB 
LH2 C&M 
PANEL 

OVER RI OE 
CLOSE (AUTO.) 

CMD 

OVERRIDE 
CLOSE (MAH .) 

CMD 

AU TOMA TIC SU Pl,Y 
OPEH CMD 

CONTROL IH 

AUTO.CMD 

REP LEMISH 
VCA 

("A" GAS 
SUPPLY 
SOL) 

( " B" GAS 
SUPPLY 
SOL) 

OPEH T ALKBACK 

COHT VLV OPEH 

TALK BACK 

+ D 

VLV CLSD 

TALKBACK 

VLV OPEN 

TALKBACI( 

' ' A" G.'5 SUPPLY 20 PSIA 
PRESS.SW OH T ALKBACK 

"A" cas SUPPLY 2s P5JA 
PRESS. SW OH TAU::BACI( 

" B" GAS SUPPLY 20 ~IA 
PRE SS. SW OH TALKBACK 

" ti" GAS SUPPLY 2 $PSIA 
PRE SS SW OH TALKBACII: 

+0 

+D 

+D 

DS36 REP 
VLV AUTO. 
S,IVB LH2 
C&M PANEL 

• 

MM 
35 

S-IVB LH 2 REPLENISH VALVE CONTROL 

K33.C 

· REP VLV SYNC 

DS)O AUTO 
PHEU ON 
S-IYB LH2 
C&M PANEL 

056 MAN 
PNEU ON 
S-IVB LH2 
C&M PANEL 

Ml REPLENISH VLV 
POS S. IVB LH2 
C&M PANEL 

+ 01710 

+01710 

K 18 AUTO, 
PWR OH 

Kil MAH , 
PWA OH 

RK 
PT 

D512 
CLOSED 
COMPONENTS 
PANEL 

DSI0 
OPEM 
COMPOHEHTS 
PANEL 

0511 
THROTTLE 
COMPOHEHTS 
PANEL 

05' AUTO , 
COMPUTER ROY 

S..-IVB L"2 
C&M PANEL 

0S7 MAH. 
COMPUTER ROY 
S-IVB LH2 
C&M PANEL 

DSS8 
CLOSED 
S-IVB PROP. 
MOH PANEL 

0560 
OPEN 
S.IVB PROP 
MOH PANEL 

DS59 
THROTTLE 
S-IVB PROP. 
MOH PANEL 

Kl MAN , 
COMPUTER 
ROY 

NEW 
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♦017 

DISCRETE 
HO. 1 LH2 

- C/DCOMP 

+ 0 (S. IVB FILL) 

1(577 LIHE 
C/ 0 COMP 

+ 017 

LHz STOP 
FAST F ILL 
D ISCRETE 
(DISCRETE 
NO. 4 OR 
NO. 9) 

+4D119 

Kl · S-IVI 
FAST FILL 
SEHSOR WET 

+ O (MAH ) 

54 FILL VLV SW 
IN OPEN 
POS 
COMPONENTS PANEL 

+O(MAH) 

54 FILL VLV 
SW IN 
CLOSED POS 

+O(MAN . ) 

54 FILL VLV 
SW IH 
REDUCED POS 

- +0 42 1C 

. 13FILL 
VLV 
ENABLE SW 
TO ENABLE 
COMPONENTS 
PANEL 

K362 

DS27 STOP 
FAST FILL 
S.IVB LH2 
C&M PAHEL 

+ 40D115 

omc/o 
COMP S.IVI 
C&M PAHEL 

1 MIH 
DELAY 

K16 PU 1 MIH 

K 564 S- I V B 
NOT RE VERT 
MEM 

S.IVB STOP F/ F REVERT 

+ 

DEE 

L_.!K~55~2---l~-----j~ ------j I 
S.IVB 
STOP 
F/ F 

+ D (S-IVB 
FILL) 

C4EV 

DSl9 LH2 
F/ F SENSOR r---, r - - - 7 WET S.IVB 

L-------~I ML I 
COMP I 

PROP. MOH 
I LCC PANEL 
I COMP 

I I I I 
L ___ J L ___ _j 

+ 0 17lC 

KO 

(HDWR) 

C 

31 

K551 S-IVB 

i..._.:.ST:._:A::R:.:T...:Fc.:/.:.F♦-----1 I 

KS53 S-I VB 
STOP SLOW 
FILL 

•• 
K15 S.IVB 
-REPLJ,HISH 
(OYf.R,IUPE 
OPEN) 

K<'6 L ________ _._~--+t-------- ------r-~I 

·os2s s.1vo 
FILL VLV 
ENABLED 

(HOWR) 

KUI 

KU 

+ Ol71C 

+ 011-IC 

C 

34 

+D1720 

34 

K665 

S-IVB LH2 MAIN FILL VALVE CONTROL 

H 

34 

K436 

AUTO. S.1'18 FILL 
VLV OPEN CMD 

K309 

FILL VLV 
OPEii CMD 

REC 
PT 

K-'37 AltTQOd) 
FILL ¥LY REDUCE 

Klot 
FILL VLV 
REDUCED 
CMD 

REC 
PT 

34 

• 

•-ffl.L 
'YL'f llfl>UC!O 

1-' 0lllC 

-lMJ 
MAIN 
PILL 
VLV 

NEW 
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S-IVB 
LH2 
MAIH 
FILL 
VLV 

+D182A 

FILL VLV 
REDUCED 
TALK BACK 

+0182"' 

FILL VLV 
CLOSED 
TALKBACK 

+0182,\ 

FILL VLV 
OPEH TALKBACK 

,t;.660 

1332 

REC 
PT 

E 

33 

33 

REC 
PT 

Rf(?". 

PT · 

+O<ltlC 

K437 

AUTO CMD 
FILL VLV 
REDUCE 

H 

35 

+IM21C 

+D42'1C 

DS8 
REDUCED 
CDMPDHEHTS 
PANEL 

+ 

+ 

0$5() LH2 
MAIH FILL YLV 
REDUCED S-IVB 
PftOI' MOH PANEL 

DS9 
CLOSED 
COMPONENTS 
PANEL 

DS7 
OPEH 
COMPONENTS 
PANEL 

0549 
LH2 MAIH 
FILL VLV 
CLSD S-IVB 
PROP.MON 
PANEL 

DS51 LH 2 MAIH 
FILL VLV OPEN 
S-IVB PROP. 
MOH PANEL 

S-IVB LH2 MAIN iFILL VALVE .TALKBACKS 

K436 AUTO 
FILL VLV 
OPEH CMD 

H 
33 

I 
31 

.-------iI 

S-IVB LH2 MAIH 
FILL VLV REDUCED 

S· IVB LH2 MAIH -FILL 
VLV OPEN 

S-IVB LH2 MAIN FILL 
Y1.V CLOSEQ 

NEW 
15-34 



KS96 HOT 
LIFTOFF +-2 MIH 

Kt 265- tt 

+O( REVERT) -----I 

K564 S-IVB -----I 
REVERT 
MEM 

FILL SEQ CMA 

K571 S- 11 
REP COMP 

t----. 6-,,-62-S--ll/,-S--IVB- ---~ I ,>------------- -----1 
R.E P LEMISH COMP 

K572 S-IVI K 
REP COMP t-

3
-
1
--1----------_J 

31 

KJS LIME 
CID COMP - ------1 
MEM 

H)(M ... . )-------1 

S3 
S-\VB OEBRIS ---._J 
VL V SW IN OPEN POS 
COMPONENTS PANEL 

•D(MAH -)'-------1 

S3 S-IVI 
DEBRIS VL V SW ------I 
IH CLOSE 
POS 

K177 FILL LL 
SEQ OID 1-'4-'

0
'-+-----------.J I 

♦0l71C 

U32 FILL H 
VLV CLOSEDt-:;:34;-jr------- ---- -----------4H 

K.33-' REP MM 
VLV SYMC t-3-2---i-----------J l >-----------J 

_KJJJ HOT 
AUX VLV --- -------------~ 
SYHC 

+D182H - --._J 

KJIS S-IVI EE 
LH2 REVERT f-

4
°'
0
'-1------------1 

•st6 LH 2 DEBRI S 
VL V SW IN CLOSE -----I 
POS S-IVI PROP 
MOH PANEL 

r ----, 
1--------11 LCC : 

I COMP I 
._ ____ _J 

K357 

+ 

+ 

r---- , 
I ML I i COMP ~

1
--------I 

L----...1 

K400 

KJJS 

REC 
PT 

+D( S- IVB 
OR AIH) 

I 

S-IVB LH2 DEBRIS VALV CONTROL 

+40110 

• 

REC 
PT 

REC 
PT 

K320 

K"0l 

DEBRI S VL V 
MAH ,CMD 

K328 

37 

+40110 ---._J 

+200241 -----1 
(HDWR) ,----- ~..._------------ - -l---- ---lr ..>-------- -------l 

+2001'1 ---~ 

516 LH2 DEBRIS VL V SW IH OPEN ___ ._J 

POS 

+2002'1 ----I 

+-'D110 

r - ---, 
1--------1

1 ~iip : 
I I L ____ J 

KJJO 

IHDWR) 

+40110 

I 

r----, 
I ML I 
I COMP t------._J 

I I 
L----.J 

S-IVB LH 2 DEBRIS VAL VE CONTROL 

DEBRIS 
VLV 
CLOSED 

K323 
LIFTOFF 

+4D310 

+403 10 

DEBRI S 
VLV S 
OPEN 
TAL KBAOC 

K329 

K323 
HOT LI FTOFF--------< • TO OSEN I'll.OT W.V 

PHEU 
CDHSOLE 
DSV-
;9. 
;32 

NEW 
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SIVB 

DEBRIS 
VALV 

OPEN 
TALKBA.CX 

CLOSED 
TALKUCK 

+410110 

+420110 

K90 

DEBRIS 
VLS 
OPEN 

K89 
DEBRIS 
VLVS 
CLOSED 

01 -2695 

r----, 

r,:-:;S,--t------.__----------ll ML : 
37 I COMP, I 

+4D110 
K332 

K331 

M 

35 

ot -2694 

+200241 

L ___ .J 

r- -- - , 
._ _______ --II ML II 

COMP 
I I 
L-- - .J 

+2001'I 

K1104 

K.05 

+2001'1 

KII03 

J¥ 

35 

+20D2,41 

+400185 

DEE 

+01710 

+01720 --------< 

REC 
PT 

+0171D 

40172D 

• 

DS 85 
LH 2 DEBRJS 
VLS OPEN 
S-IVB PROP 
MOH PANEL 

+D421C 

K72 

C4EY 

+0421C 

K73 

0S96 
LH 2 DEBRIS 

VLVS CLOSED 
S-IVB PROP. 

MOH PANEL 

S-IVB LH2 DEBRIS VJ\LVE TALKBACKS 

056 

oss 
OPEN 
COMPONENTS 
PANEL 

CLOSED 
COMPOHEHTS 
PANEL 

Q 

35 

KC!2 
S-IV9 DEBRIS 
VLY IYIIC 

K404 HVB 
DEIRIS\'LY 
OPEH (TO YLY 
MOHLOCIC)' 

NEW 
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11:MIIS-IYII 

515 LH2FI.D 
YLY S1I TO 
OPEN POS 
5-IYB PROP. 
-PANEL 

♦-1 

♦2IH>1'1 

SIS LH2 FI.D YL V 
51110 CLOSED 
P055-IYIIP-. 
-PA!IEL 

+:zoD241 

+ll(IWI.I 

S2 lHJ F&D VI. y 
SW 10 Q.05E POS 
~ENTSPANEL 

+D(MMI. I 

S2 LH2 F&D VI. V 
SW 10 OPEN POS 
COMPONENTS PANEL 

FILL VLY 
REDUCED REVERT 

r---, r---, 
I Let:• I I ML I 

a.-1 I COMP 

:_ I DO-
I I 0635 I 
L __ .J L __ .J 

UM 

+40110 

r--7 r--, 
I 1.a: I I ML I 

COIIP COMP 
111 · I I DO-

I - I I 0634 I L __ _J L __ .J 

♦jMllO 

•4D151------1 

11:332 

DEBRIS YLY 
OPEN 01D 

♦0l7IC 

•D( REVERTI 

KSUS-IVII MOT 
REVERT MEM 

♦4DIIO 

REC 
PT 

Km S-IYII NOT W 
REPLENISH COMP 1-3.C.l--lf-------------------------

X 

31 

K576 S-IYII 
DRAIN COMP t---+----1 
PU I MIN . 

K574 S-IVII 
DRAUI COMP 

+D(S-IVB DRAIN) 

•Dino 

♦4D110 

U2S 

LH2 F&D 
VLYOPEN 
CMO 

+.fD131 

FI.D 
VA.LYE 

FI.DYALY 
OPEN 
TALKIIAClt 

r----, ..._ __ _.._ ____ ~ ~ I 
L ___ .J 

UD 

♦lODUI 

+«)D115 

S-IVB PROP. 
MON PANEL 

DSlOPEN 
COMPONENTS 
PANEL 

♦0421C 

F&D YLY 
Q.05ED 

111-1126 

1(79 

r---7 
11:326 I ML I 

l-----+--<111----1_.11---==----------':w ~l6 I 
I I +@119 
L ___ _I 

•D17211 

K409 

L.....-------1---------------1-------<: I t-------4----------------------,.__--"K4,'-I_O_~ 

K322 

+01no 

S-IVB LH 2 FILL & DRAIN VALVE CONTROL & TALKBACK 

C4EY 

r----, ~::VLV 
I LCC I CLOSED 
I COMP S-IVII PROP. 
I DO-ll26 I MOH PANEL 

L ___ ...J 

11:411 

fl.D YLY 
a.osm 

NEW 
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• 

• 

cc 
31 

K553 S-IV8 DD 
STOP ILOW 0.---+---------1 I 
FILL 31 

LH2 
TANK 
VENT 

K35 LIME 
CID COl,IP ------1 
MEMORY 

LH 2 TMK VENT 

CLOSED T t.LK8t.CK 

LH 2 TMK VENT 

OP EH T ALKB ACK 

• K323 

+41)119 

+◄Dl19 

REC 
PT 

+4Dl10 

Dl -26S2 

K503 

Pl- 2653 

Dt -1732 

r-----, 
I ML I 
I COMP I 

1---•----4 ~;2 I 
I I 
L - - __ J 

r-- -- -7 
I I 
I ML I 

COMP I 
DI- I 

I" 2652 I 
L _____ J 

+20D241 

K422 

+40P18S 

r-----, 
I I 
I ML I 

1-------4.._ _______ __, COMP I 

I :;3 : 
L_ -- - - .J 

K504 

+200241 

+40D185 

,------, 
I I 
I LCC I 
I ~~ 
I m2 
I I L _____ J 

+200Ul 

11131 

PEE 

+P171D 

+20D141 

• Kl13l 

K421 

+D1710 

P551 
REQ LHJ TMK 
VEHT OPEN 
S-IVB Ht.GE 
PRESS.Pt.MEL 

C4EV 

DS2 
S- IVB LH 2 TNK 
VENT CLOSED 
COM PONENTS 
PANEL 

C4EV 

DS l 
S- IVB LH2 TNK 
VENT OPEN 
COMPONEN T S 
PANEL 

DS3S.LH2 
TMK VENT 
CLOSED 
S-IVB STG 
PRESS.PANEL 

D527 
LH2 TMK VENT 
OPEN S-IVB 
STG PRESS. 
PANEL 

S-IVB LH2 TANK VENT TALKBACKS 
NEW 

15-38 



• 
+P17 

DISCRETE HO . 3 ---,___, 

LH2 LOAD HE . 
BOTTLES 

-

• 

S-IVB 
START COLD 
HE.LOADING 

DS26 LOAD 
HE.BOTTLES 
S-IVB LH2 
C&M PANEL 

+4Dl10 

'~""=B 
S7 COLD HE . • 

BOTTLE SUPPLY 
SW TO CLOSE 
S-IVB STC PRESS. 
PANEL 

+20Dl41 

S7 COLD HE , 
BOTTLE SUP PLY 
TO OPEM 

U53 

LH 2 TMK 
90% MASS 

r---7 
I I 
I LCC I 

)I COMP 
01- I 

I 2199 I L ___ _J 

r---7 
I LCC I 

COMP I DI-
I 2198 I 
L ___ J 

K498 COLD 
HE .SUPPLY 
DISABLE 

r---7 
I 
I 
I 
I 

ML I 
COMP 
DO- I 1603 

I 
I 
I 
I 
I 

L ___ _j 

K405 S-IC I 
IGHITIOM -----1 

S-IVB COLD HE LOADING CONTROL 

+40110 

K538 

r---, 
I I 
I ML I 

COMP I 
Dt -
1731 I 

I I 
L ___ _J 

COLD HE , BOTTLE 
SUPPLY OPEN CMD 

+40).10 

r---7 
I I 
I LCC I 
I COMP 
I DO-
I 1131 

1 L ___ .J 

DSV-4B-
OJA 
PMEU 
COMSOL'E 

058 OK FOR 
3000 LB COLD HE. 
S-IVB GH/ GM 
CONT PN4EL 

NEW 
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.01111 

KllOSTOUGI 
AHA DC 
, .. ON 

IU» -·CIII 
KS2t mlllAU! .•. .,.,. 

U. ,._L FF 1-----------< 
m1 uia: 

IINnat ·-· ... ~ .. 
sra,, ILCIW 

"u 
KSII._,... 
TOWEi .. l:1S ,-~ 

ISlt ~I 
JlOP S&.OW 
.. u 

1$)0~1 
TOIIEI 150PY 
PRfS.S 

• 40110 

K.ln HIEA.T 

jj/£":. •. 

- LH2 IU Y£11T 
IH FLT l"O$ 

OtSCI.ET( MO l 

L N2 REOIC 
,,,,..,. DIA-11..E 

K630 LH2 
PREVLV 
OPEN 

KSJt Ul1 ~1 
VENT ■alfP 
OVOl!IDE Q.SD 

11:al K VLVS. 
a.so 
l'1!61Ui1M 
RJEL 0.1D 

l705 LH, 
si.lT-"'L.V 
CLSO 

ROY TO L OAD 
Lli2 BY PASS 

J UMPE R 

THIS PAGE 

U,0-
TOOIIAI .. ·-

r---, 
- ~ lCCJ 

e ~ I 
I tm I 
L __ .J 

' 

r;:-1 

• 

• 

K5l4 $-II 
Riff •oa 
OIi ... 

un S-lft Ull S-11 
IIP COIIII" 1ltl COW IDY 

kl ST S-11 
PH CCN> CD,. 

uns.11 
ltfPCOW 

1533 S-11 
IOY llOR 
LOA.DlifG 

I ca,, I 
I oo- !--+--------------' 
I I ll) I 
L __ ...J 

KW 
SYS 
IDY 
(DIWM) 

KMO S-lff 
TNI CD .. 
RDY 

nc 
PT 

• 

OU 

IS.I S-IVII 
Riff fOR 
LDAl>IIC 

r---, 
I ~I 

1,-------~--'W DI- I 
I 1m I 
L __ J 

r--7 
1~1 

1--4.__ _ __....._----'~ ~ - I 
I im I 
L __ _J 

r--, 
I IIL I ._ __ .__ ,.. :.W I 
I 17" J 
L __ _J 

067 
SYS IDY 
(FllL} 

0515-1'11 
IDY fDI 
lO.DIIIG 
CQrlTPMUL 

• 0171A 

U76 S-IVII -

12-
,U91 IUTTON • 
CDIT. PANIL 

cow n 
♦, ..... 1--=,,'---'l---------l 

SI Fl~ 
PIJS1t1UTT01( 
SW 
CDIT PANIL 

0511 
5TANOIY 
( PllL) 
COMTPM41L 

Kl41 
PILOT 
FILL 

15'5 -------1 

.---------------1 I > ------' 

+.4D119 

GMO fUEl 
,a,ss sw 
ON 

1$12 LHt 
THI( llMH 
unor, 

f----:..:••::E::SS=O.:.:·•::.· -----" I 

S-IVB LH2 FILL, DRAIN & REVERT BUS DERIVATION 

ffC 

" 

l l ll 
$-IVI 
DIAIN 
SEQ 

•D1721 

OSI 
DUIN 
CDIT ,..,. .. 

Dff 

I 

+t(S-t~} 
DaAINI 

11:16 
S,.ll 
FILL 
SEO 
CllO 

... 
STUT 
S-IYI CID 

+0 1111 

UOI 
S-IVII T-
NOT OVHP•Us 

REC 
PT 

• Ol71 A 

•D1711 

NII 

37 
uoo 
FILL UQ 
LOCK 

FF 

\ T H IS 
PAGE 

+D \ ( S-lVII 
RLL) 

I 

Sl$TOP 
Dl4JH SW 
CONT P ... ll 

UIO OIWN 
SIO LOOt 

lDt S-IVI 
l~TUH 111511 

+IDY,11 

K511 S-IYI 
lMK Pll!S.S 

-t0421C 

VLS 4UTO 
REVCRT 
IHHIJIT 
JUMl'ER 

Kl S.IVI LH2 OVEUl l L 
SEMSOR WET 
( HORIIAJ..L T DE•fHERGIZED► 

REC 
P T 

0511 
S-IVI 
THI 
OVER• 
PIUS 

FRM. 1 OF 2 

1561 
REVUT 
TIME 
OUT 

+ 

+042IC 

AUTO 
REVERT 

INH181Tsv-' 

-+017li 

STOP 
OIWN 

AUX COW'ONEHTS ,AHEL 

IJS9 

~ -1711 

r---, 
I ~ I 

- ----+-----'>! ~- I 
I 1111 I 
L ___ J 

r---,J I LCC I 
I ~~ 
I 1111 I 
L-- _ _J 

D90 LHz liiMK 
HOT OVU .. LLfD 
S-lVI PROP
PANEL 

... 011\ 1 

°" IIVUT -

SlUVUT 
SWC04T 
Pt.MEL 

054 
IIVIIT 
CONT 
PANl!L 

DEE 

OSS3 
LH2 d.Yltn 

+2001 41 

DSZll'S-IVII lNl 
OVH flLLfD 
a-ONB<TS 
'*fl 

RIC 
PT 

NEW 
15- 40 
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• 

SYS ROY 

REV 

DRAIN sea 

STNDBY ROY FILL 

Fill 

: ~ DRAIN SEO LOCK 
- --..... - ~ LINE C/0 COMP MEM 

------! • FILL SEO LOCK 

'W' ) S-11 START F/ F 

-------<_/ S- II STOPF/ F 

S-11 STOP S/ F 

.. DENOTES DISCRETE ISSUED BY 
THE PTCS DISCRETE G EN ERATOR 

* SYSTEMSTATUSO.K.OSTARTS-IVB 
C/0; THIS SIGNAL (PSEUDO) IS DERIVED 
FROM THE LOGI C CHAIN WHICH 
INCLUDES S- II / LH2 STAT US BLOCKS, 
SYSTEM PRECONDITION It LINE 
C/D BLOCKS 

REQ 
C4SP 

REC LH2 TN K 5 - IVB 
OPEN 

VENT OPEN CMD ~ L H2 TNK 
--➔ 5 - IVB OPEN CMO ...._ ... VENT .... LH 2 

OPEN 
VENT 

C4SP 
VALVE 

----+----11),___sT_AR-<IIT>-s._1ve_c_10_----, 

----+--+----lD -tJ 
S-IVB STOP S/F 

S-IVBFILL SEOCMO ~ 

LIFTOFF+2 MIN -----+--+-----! - \ 
• I-➔---------------------~~~ ~ D 

REDUCE CMO 

S-IVB REP COMP 

S-IVB REVMEM 

~-~ ----+--+-+----101--------~ OPEN CMO 
~ ... 

,~u 
OPEN CMD 

~ ... 
S- 11/S- IVB REP CO MP 

S-IVB LH2 
TANK VENT 
VLV 

$- IVB LH2 
FILL 
VLV 

S-IVB LHz ,.o 
VLV 

S-IVB LH2 
DEBRIS 
VLV --+--!D1----------

L------' 

... ... 

S-IVB LH2 CHILLDOWN (FROM 0% TO 5%, SLOW FILL) 

S•IVB L Hz 
REPLENISH 
VLV 

START 
JO SEC 
REVE RT 
TIM ER 

S-IVB 
LH2 TNK VENT 
OPEN T/B 

S-IVB 
LH2 FILL 
VLV REDUCED T/8 

S-IVB 
LH2 FID 
VLV OPEN T/8 

S-IVB 
DEBRIS 
VLV OPEN T/8 

S-IVB LH 2 
REPLENISH 
V LV CLOSED T/8 

S-IVB STOP F/ F * SYSTEM STATUS 0 .K. 
AT START S-IVB CID 

\ 
• I 

-_/ 

f---1\ 
- f-- S-IVBC/D SUM 

1--_..__ • 
J 

4> 

~----------l~~~;R~~NHIBIT 

l)+ REVERT TIME 
OUT 

I 

42 

~ 

K 

42 

/a\ 
~ 

lo\ 
~ 

.(F\ 

\V 

AUTO REVEIIIT 

I• 
CMD 

• 1----~ REVEIIT 
LOGIC 

NEW 
15-41 
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.. 
41 

S-IVB Fill 
SEOCMD 

S-IVB RECIRC 
,UMP ENABLE 
DISCRETE 

S-IVB START 
COLD HE 
LOADING 
DISCRETE 

....-_...-...-:; 

COHU 
AT 47. LH2 
MASS ENABLE 
S-IVB Fill VLV 

FILL VLV 
ENABLED 

S-IVB START F/F 

• OPEN 

CMO 

$-IVB LH2 
Fill 
VLV 

S-IVBMAIN 
FILL SUM 

START 
30SEC 
REVERT 
TIMER 

>-------- ------- ---------------------<~s>--+----------~ 

DISCRETE 
FROM 
DISCRETE 
GENERATOR 

DISCRETE 
FROM DISCRETE 
GENERATOR 

LH21°" 
MASS 

LH2 TNK 90 "/, MASS 

S-IVB LH2 FAST FILL (FROM 5% TO 98%) 

. 

~ 

ROY FOR 
+40411 
PWR LOGIC 
CHAIN 

RDYTO 
LOAD LH2 
LOGIC 
CHAIN 

LH CID 
PUMP ROY 

TO START 
LOGIC 

0.K. FOR 
3000 LB 
COLO 
HE 

C4SP 

$-IVB LH2 F/F 
SENSOR WET 

S-IVB STOP F/ F 
DISCRETE 

LH2 CID COMP 
DISCRETE 

S-IVB START F/F 

AUTO REVERT CMD 

S-IV8 LH2 
FILL 
VLV 

START 
JO SEC 
REVERT 
TIMER 

S-IVB LH2 

FILL VLV 
REDUCED 

T/8 

S-IVB SLOW 
Fill SUM 

~ 
t--------i st--------------' 

S-IVB LH2 SLOW FILL (FROM 98% TO 100%) 

) 

( 

AUTO A EVERT CMD I 

41 

NEW 
15-42 




