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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, FAULT ANALYSIS
LOGIC IS PERFORMED IN ORDER TO FULFILL THE SPECIFIC OVERALL OBJECTIVES OF END ITEM DESIGN CRITERIA, SUCH AS, ""NO SINGLE MAL—
FUNCTION WILL RESULT IN CATASTROPHIC FAILURE.'" ADDITIONAL FAULT ANALYSIS 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 SOF TWARE PROGRAMS UTILIZED

IN CHECKOUT AND LAUNCH ACTIVITY.

HOWEVER, THE STUDIES AND INVESTIGATIONS CONDUCTED THUS FAR DO NOT PROVIDE AN ADEQUATE END—TO—-END FAULT 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 PROCESS 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 E XPANSION 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 MALFUNCT IONS.

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 E XPERIENCE, 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




1.3

1.3.1

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 THE CONTROL. NE TWORKS, 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 1—1 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.,

GUIDELINES

SYSTEM SCHEMATICS:
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"!

NARRATIVE INFORMATION, SYSTEM SCHEMATICS, AND LOGIC DIAGRAMS WERE THE ONLY ITEMS UPDATED. FLOW CHARTS AND MALFUNCTION
MATRICES WERE NOT 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.I.G. DOCUMENT MAY BE USED AS IS. IN ORDER TO USE THE REVISED
DOCUMENT AS DISTRIBUTED, IT WAS NECESSARY TO RE PRODUCE SOME ORIGINAL VELLUMS WHICH DID NOT REQUIRE UPDATE. THE TABLE OF
CONTENTS CLEARLY DEFINES EACH SHEET'S UPDATE CONFIGURATION,




2,0 LEGENDS

2,1 SCHEMATIC SYMBOLS

[xxxx]$ :ﬁ[xxxx

Y

v
©
<

=

DEFINITION

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

(ESE—XxXX] IS ESE PAGE XXX
[P—XXX] IS PWR PAGE XXX

(c—C1/3] IS¥CONT. SEQ. 1 SHT. 3

(1—C3/4] ISWINST. SEQ. 3 SHT. 4

DIODE

ZENER DIODE

NPN TRANSISTOR

PNP TRANSISTOR

CAPACITOR

RESISTOR

CIRCUIT BREAKER

+

"P"*l“,, _/i\/_ ‘Gm

+ |

@ -ULl- ¢

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




T
3%

o
EEr)
(o]

L
A

~ C4EV

; ; STRIP CHART

DO—XXX

DI—XXXX —O

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

PRESSURE SWITCH. SHOWN 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

\

* | XXX DDAS
INTEG
—_—— — —
'y = 3
§ B 9
- B
OPEN
XX et
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 INDICATES GND OR
VEHICLE, * INDICATES MEAS. IS REDUN—
DANTLY XMITTED ON THE DI1 LINK.

INDICATES SIGNAL TO INTEGRATION
DISTRIBUTOR.

CONTROL PNEUMATICS

(LH2 OR GH2)

FUEL FLOW
(MMH)

(LOX OR GOX)
OXIDIZER FLOW (N20y)

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



FLOWMETER

PRESSURE REGULATOR

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

&

-

)

N

St PEg

START OF ROUTINE

INTERROGATION

NARRATIVE (INFORMATION)

TUTORIAL (INSTRUCTION)

PRE—DEFINED PROCESS

OFF PAGE CONNECTOR

ON PAGE CONNECTOR

INFORMATION



2.3 LOGIC SYMBOL.S

SYMBOL

DEFINITION

AND GATE

OR GATE

ARROW INDICATES THAT THIS

SIGNAL MUST BE ON TO ENABLE
THE GATE OUTPUT TO BE ON

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

TIMING SYMBOL
NUMBER INDICATES TIME INTERVAL
AND THE LETTER INDICATES TIME
S =SECONDS, U= MICRO—SECONDS,
M = MI/LLISECONDS

ON PAGE CONNECTION

OFF

+20D141

AUTO

+20D141

ON

(o4
(o)
M
P
U
T
E
A
>
G
P
J I
K (o)
S o)
__){ .
z R I -
(RELAY NO)

DIAMOND FLAG

USED TO SHOW SIGNALS THAT ARE
INDICATIONS AND HAVE 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

C® = PRESENT STATE

CR+I=NEXT STATE

MAG, LATCH RELAY (FLIP FLOP)
SHOWN IN RESET STATE:

Q' OUTPUT GOES TO """ AT SET
"™ OUTPUT GOES TO'"'O'' AT SET



3.0
3.1

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 SUPPLIES AND IS DISTRIBUTED TO THE SIVB STAGE AND THROUGHOUT THE
SIVB MOBILE LAUNCHER EQUIPMENT. THREE 28VDC AND ONE 56VDC POWER SUPPLIES ARE USED. ALTHOUGH THESE HAVE LOCAL MOBILE
LAUNCHER CONTROL, ONLY REMOTE CONTROL FROM LAUNCH CONTROL CENTER (LCC) WILL BE CONSIDERED.

EACH POWER SUPPLY HAS BUILTIN 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 ASSURES 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 3D ARE SIMPLIFIED SCHEMATICS FOR THE DERIVATION OF THE PRINCIPAL ESE BUSES.,
NOTICE + 23D210 CAN BE USED AS A REDUNDANT POWER SUPPLY FOR 4D100, 4D200 AND 4D300. 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 BACKUP 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. SIVB/V ESE AND STAGE BUSES

1. LCC BUSSES
10 VOLT BUSSES
+24D8 10 BUS SUPPLIES FROM S—IVB DIGITAL RECEIVING STATION AND USED FOR REFERENCING STAGE DDAS ANALOG SIGNALS.
+24D910 BUS SUPPLIED FROM L. .U, DIGITAL RECEIVING STATION AND USED FOR REFERENCING STAGE DDAS ANALOG SIGNALS.,
+34D810 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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420D233 BUS SUPPLIED FROM 20D200 POWER SUPPLY THAT CONTROLS RELAY LOGIC TO ENABLE 4DX00 POWER
SUPPLIES.
+20D133 BUS SUPPLIED FROM 20D100 POWER SUPPLY THAT ENABLE SWITCHES IN THE DC POWER SUP CONTROL PANEL.

+28—VOLT BUSSES

+20D141 BUS SUPPLIED FROM 20D100 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.

+ 20D241 BUS IS SUPPLIED FROM 20D200 POWER SUPPLY AND IS MANUALLY SWITCHED ON AND OFF. HARDWIRE SWITCH FUNCTIONS USE

THIS POWER.

MOBILE LAUNCHER AND STAGE BUSES
5—VOLT BUSSES
+4D81 STAGE MEASURING BUS FWD, NO. 1 SUPPLIED FROM 4D31,
+4D82 STAGE MEASURING BUS AFT SUPPLIED FROM 4D31,
+ 4D83 STAGE MEASURING BUS FWD. NO., 2 SUPPLIED FROM 4D21,
+4D810 ESE GROUND MEASURING BUS ENERGIZED WHEN GROUND MEASURING SWITCH IS POSITIONED ON,

20—VOLT BUSSES
+4D51 STAGE INSTRUMENTATION BUS
—4D71.1 STAGE INSTRUMENTATION BUS —20VDC GENERATED BY THE FWD, 5VDC EXCITATION MODULE.
—4D71.2 STAGE INSTRUMENTATION BUS —20VDC GENERATED BY THE AFT 5VDC EXCITATION MODULE,

28—VOLT BUSSES

+4D10 SUPPLIED DIRECTLY FROM AFT BATTERY NO, 1

+4D11 STAGE BUS SUPPLIED FROM 4D111 BEFORE POWER TRANSFER AND 4D10 AFTER TRANSFER TO INTERNAL.,

+4D12 APS MODULE | POWER SUPPLIED FROM 4D11 STAGE BUS.

+4D13 APS MODULE Il POWER SUPPLIED FROM 4D11 STAGE BUS.

+4D15 SEQUENCER BUS SUPPLIED FROM 4D11 STAGE BUS.

+4D20 SUPPLIED DIRECTLY FROM FORWARD BATTERY NO. 2,

4D21 STAGE BUS SUPPLIED FROM 4D211 BEFORE POWER TRANSFER AND 4D20 AFTER POWER TRANSFER TO INTERNAL.,

+4D30 SUPPLIED DIRECTLY FROM FORWARD BATTERY NO, 1

+4+4D31 STAGE BUS SUPPLIED FROM 4D311 BEFORE POWER TRANSFER AND 4D30 AFTER POWER TRANSFER TO INTERNAL.,

+m0 ESE BUS NO. 1 SUPPLIED FROM 4D100 POWER SUPPLY. MANUALLY SWITCHES ON AND OFF,

+4D111 STAGE BUS SUPPLIED FROM 4D110 BUS THROUGH POWER CONTACTOR., 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 4D211, CONTROLLED BY CHECKOUT MEASUREMENT GROUP SWITCH.

{4D131 ESE COMMIT BUS SUPPLIED FROM 4D110, 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 PRELAUNCH BUS SUPPLIED FROM 4D110, ENERGIZED WHEN SIVB POWER ON IS GIVEN AND COMMIT SIGNAL IS NOT PRESENT
AND S—IC FUNCTION SELECTOR IS IN THE PRELAUNCH POSITION, DE—ENERGIZED WHEN S—IC FUNCTION SELECTOR IS MOVED TO THE
LAUNCH POSITION.

+4D152 ESE PRE LAUNCH Op—Hp BURNER BUS,
+4D210 ESE BUS NUMBER 2 SUPPLIED FROM 4D200 POWER SUPPLY. MANUALLY SWITCHED ON AND OFF,

l

+

|
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+4D211 STAGE BUS SUPPLIED FROM 4D210 BUS THROUGH POWER CONTRACTOR. DE—ENERGIZED WHEN POWER TRANSFER IS COMPLETE.
4D310 ESE BUS NO. 3 SUPPLIED FROM 4D300 POVWE R SUPPLY. MANUALLY SWITCHED ON AND OFF,

+4D311 STAGE BUS SUPPLIED FROM 4D310 BUS THROUGH POWER CONTRACTOR. DE—ENERGIZED WHEN POWER TRANSFER IS COMPLETE.

440D185 BUS IS USED TO POWER INDICATORS FOR PROPELLANT LOADING.

56—VOLT BUSSES
+4+4D40 SUPPLIED DIRECTLY FROM STAGE AFT BATTERY NO, 2,
+4D41 STAGE BUS SUPPLIED FROM 4D411 BEFORE POWER TRANSFER AND 4D40 AFTER POWER TRANSFER TO INTERNAL.
+4D410 ESE BUS NO, 4 SUPPLIED FROM 4D400 POWER SUPPLY., MANUALLY SWITCHED ON AND OFF,

+4D411 STAGE BUS SUPPLIED FROM 4D410 THROUGH POWER CONTACTOR ENERGIZED WHEN 4D411 ON COMMAND IS GIVEN, DE—ENERGIZED
WHEN SIVB POWER TRANSFER IS COMPLETE.

SPECIAL 28—VOLT 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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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

THE 40M12149 VOLTAGE MONITOR CARD IS USED IN TWO APPLICATIONS. FOR THE 4D100, 4D200, 4D300 AND 4D400 VOLTS 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.

1

CIRCUIT DESCRIPTION

WHEN 28 VDC 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 INHIBIT IMPOSED ON Q5 BY Q4 WILL BE REMOVED, WITH Q5 ON, Q1 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 RESULTING 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 | 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 XFER 4D200 28.0 £ .2 32.0+ .2
BAT XFER 4D300 26.0 1 .2 324+ .2
BAT XFER 4D400 53.0 + .4 63.0 + .4
4D100 VOLTS OK 27.0+ .2 30.8 + .2
4D200 VOLTS OK 26,5 + .2 30.1<,2
4D300 VOLTS OK 27.6 &+ .2 30.8 + .2
4D400 VOLTS OK 54.0 + .4 61.0 + .4
TABLE I REV. A
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C. VOLTAGE MONITOR CARD (M 5821) 40M17541

D.

1,

INTRODUCTION

THE 40M17541 CARD IS SIMILAR TO THE 40M12149 DESCRIBED IN B ABOVE. THE PRINCIPAL DIFFERENCE IS THE 40M17541 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 TRIMPOT SETTING (R16) 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 Q8 ON.

ASSUME THE SENSED VOLTAGE DECREASES. THIS RESULTS 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 Q1 ON, COUPLING CAPACITOR

C1 SPIKES Q2 OFF. THE BIASING NETWORK FOR Q5 AND Q8 NO LONGER MAINTAINS THEM IN CONDUCTION. CONSEQUENTLY, THE OUT—

PUT (TRANSISTOR Q8) IS NO LONGER ACTIVE.

TABLE 2 BELOW GIVES THE SETTINGS USED FOR THE VARIOUS 40M17541 MONITOR CARDS.

NOMENCLATURE

MONITOR CARD SETTINGS
LOW ONLY (VDC)

4D11 VOLTS OK
4D21 VOLTS OK
4D31 VOLTS OK
4D41 VOLTS OK

24.0 + .2
24.0 + .2
24.0 £ .2
50.0 + .4

POWER ISOLATION CARD (M—6797) 40M55778

1s

INTRODUCTION

THE 40M55778 POWER ISOLATION CARDS SUPPLY 28VDC TO THE VARIOUS VOLTAGE MONITOR CARDS DISCUSSED IN B AND C ABOVE, THE

TABLE 2

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 Q1 AND Q3.
BISTABLE CONSISTING OF Q1 AND Q3 CHANGES STATE. SINCE THE COLLECTORS OF Q1 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—

WHEN THE UNIJUNCTION TRIGGERS, THE

FORMER COUPLED TO THE BASES OF Q6 AND Q7. NOTICE THE TRANSFORMER ACTION CLAMPS ONE TRANSISTOR (@6 OR Q7) OFF AND

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

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

REV. A
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3.2

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,

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.

INPUTS ARE DEADFACED.

CRITICAL MEASUREMENTS

REDLINES

A.

VOLTAGE—AFT BUS NO, | (4D11)
MEASUREMENT: M—151
RANGE : 20—40 vDC
REDLINE LIMITS: MAXIMUM: 31,0 VDC
MINIMUM: 26.0 VDC
BACKUPS BEFORE TRANSFER:. C4NP HARDLINE ON + 4D11V
AFTER TRANSFER: 4D10 STRIP CHART

CHANNEL ASSIGNMENTS: EP1A0—09—05

VOLTAGE—FWD BUS NO. 2 (4D21)

MEASUREMENT: M—152
RANGE ¢ 20—40 vDC
REDLINE LIMITS: MAXIMUM: 32,0 VDC
MINIMUM: 24,5 VDC
BACKUPS BEFORE TRANSFER: C4NP HARDLINE ON + 4D21V
AFTER TRANSFER: 4D20 STRIP CHART

CHANNEL ASSIGNMENTS: CP1A0—08—04

VOLTAGE—FWD BUS NO, 1 (4D31)

MEASUREMENT: M—154
RANGE . 20—40 VvDC
REDLINE LIMITS: MAXIMUM: 32.0 VvDC

MINIMUM: 26.0 VDC
BACKUPS BEFORE TRANSFER: C4NP HARDLINE ON + 4D31V

AFTER TRANSFER: 4D30 STRIP CHART

CHANNEL ASSIGNMENTS: EP1A0—02—06
VOLTAGE—AFT BUS NO. 2 (4D41)
MEASUREMENT: M—153
RANGE : 35—70 vDC
REDLINE LIMITS: MAXIMUM: . 61.0 VDC

MINIMUM: 51,0 vDC

BACKUPS BEFORE TRANSFER: C4NP HARDLINE ON + 4D41V
AFTER TRANSFER: 4D40 STRIP CHART

CHANNEL ASSIGNMENTS: EP1B0—19—10

IN ADDITION THE UMBILICAL POWER

IT IS ACTUATED BY THE SIMULATED

REV. A
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