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GEORGE C. MARSHALT SPACE FLTGHT CENTER

DEFINITION OF SATURN SA-5I3/SKgI.AB 1 & SA-515/SKYI"AB BACKUP

FLIGHT SEQUENCE PROGRAI4

I. INTRODUCTION

The purpose of this document is to define the flight sequence
events, time bases, stage switch selector channel assignments, L\DA
Discrete Outputs, Inputs and Inte:rrupts fo:r the Saturn SA-sl3/Skylab tr e SA-515
vehieles. Special :requirements and restrictlons defined in this document
will be imposed on the Marshall Space Flight Center and its contracto::s
as applicable, to insure the proper functioning of the equipment in the
various stages fo:r requi::ed vehicle tj.ming and sequencing to occull as
outlined in this Interface Control Document (ICD)

II. DEFINITION OF TIME BASES FOR THE TIME SEQUENeTNG OF' SA-513 & sA-sLs

A. General

Five (5)- PrimarY time bases are used in the SA-513 & SA-515
achleve an optlmum vehicle mission

and timi-ng of flight vehiele events.
programmed.

necessary to prevent premature

Prope:r establishment of time bases provJ-des a safe and reliable
vehlele on the pad and tlrroughout the flight. Each ti-me base wilJ- be
establj.shed by the normal method when the requi:red criteria., as outli-ned
in this ICD, has been recej.ved by the Launch Vehiele Digital Computer
(L\DC).

If a time base is not established, subsequent time bases eannot
be started and the vehiele mission cannot be completed. Therefore, to
further increase missi-on reliabiJ-lty in the absence of the normal time
base signals, bad<up methods are used for establlshing time bases.

Both the no:rmal and backup methods for sta::ting eaeh time
base a:re explained in the following paragraphs.

Flight Sequence Program in order to
with sui.tabJ.e sequential operation
One (1). alternate time base is also

Safeguards are used where
initiation of time bases.

l-
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B. Time Base /11 (rf )

Time Base /11 (Ti ) is initiated by either of the lifroff signals
(DL 24 or DI 7) provided 6y the deactuaEion of the liftoff relays in rhe IU ar
the umbilical disconnect" However, as a safeEy measure, the Launch VehicLe
Digital Computer (IVDC) will not recognize che liftoff signals and start T1prior to Guidance Referenee Release plus 17.4 seconds. If the LVDC has not
detecEed either of these DIrs prior to GRR plus 150 seconds, the program will
go into a one inst,ruction 1oop.

. No rrNegative Backupr' (i.e., provisions for the LVDC to return to prelaunch
conditions) is provided because the Satuii-V vehi.cle can safeLy complete T1 on
the pad without castastrophic results, in the event r, began by error.

C. Time Base lfZ (tZ)

the S-IC inboard engine shaL1 be cutoff by the LVDC through the
S-IC swltch seLector on Time Base /1L at T, + 141.7 seconds. At T, + 141.g
seconds the LVDC shalL monitor the downratge accelerometer. If rtlffi"i"rrt
downrange velocity exists, Ehe LVDC shaLl srart, Time Base /12 (Tz).

However, if Guidance Reference Failure (GRF) has occurred the LVDC
sha11 bypass the veLocity test and initlate Time Base llZ.

Use of the downrange velocity reading provides a safeguard againststarting T2 on the pad should T1 be started without liftoff. Furthermore if
T2 is not established, no subsequent time bases can be started. Ttris insures
a safe vehicLe requiring at leasE one additional failure to render the vehicle
unsafe on the pad.

D. Time Base il3 (fg)

After arming the S-IC outboard engines propellant depLetion cut,off
sensors through the S-IC swltch selector, the LVDC shall initiate Time Base
*3 (T3) upon receiving either of two redundant outboard engines cutoff
signaLs. The S-IC Outboard Engines Cutoff ''Art signal (INT 5) from the S-IC
depletion circuitry is the primary signaL for starting T3. Ihe S-IC Outboard
Engines Cutoff "B[ signal (DIN 18) from the backup deplelion circuitry is a
backup signalo

E. Time Base /I4 (r+)

After a predetermined time on T" (Tc + 10.0 Sec.) sufficient to
allow the S-II stage engines to establish-thrlst OK, the LVDC shalL srart
time base 1I.4 aftet receiving any two of four functions monitored by the LVDC.
fhe functions are (1) S-II engines out interrupt. (2) S-II engines out discrete.
(3) S-II velocity cutoff which is issued by the LVDC rhrough rhe S-II switch
sel-ector. (4) Loss of thrust determined by LVDC using aeceleromet,er readings.

2
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Redundant S-II engines cutoff corrrnands are issued at the start of
T4 (T4 + 0.1 and T4 + 0.2 seconds) as a safeguard against startlng TO with
the thrust of the S-II stage engines presenE.

F. Time Base lF4a G4u)

Time gase ll4a shalL be initiated by the LVDC program upon achLeving
the Gravity Gradient Attitude * l-0o.

Also, the LVDC shall provide the capabil-ity to initiate Time Base /l4a
by CCS conrnand during Time Base /14.

Program conmrands in Time ga"e #i'shalL have priority over corrmands
ln Time Base /14a.

G. ALternate Time Base {l4b (T+U)

In the event of a Guidanee Reference Fail-ure after actr.vation of the
AIII attitude pointing and conrrol system (A3cs), the LVDC shall initiare T4b
and transfer eontrol to the ATM APCS. The LVDC shalL also provide the capa-
bility to initiate T46 by DCS eonunand.

H. Additional SA-513 and SA-5L5 Sequence Requirements

ao IU Orbital TI"1 Calibrations

The IU telemetry shalL be calibrated after orbitaL insertion
by using a special sequence. this special sequence of events consists of
IU CalibraLion Conrnands and shall be initiated by the LVDC using speciaL
tracking station acquisition logic. The firsE telemetry calibrate conunand
shall be issued 60.0 seeonds after station acquisition as determined by the
LITDC.

b. S-1I Stage El,lR Shift

Itre mixture ratio shift, for ttie S-II stage, from 5.5 to 4.8 shal1
be initiated infl-ight by the LVDC as a function of velocity. However, for the
guidance failure case, the LVDC shaLl initiate the mixture ratio shift when
t2i1{ , p1-us one (1) comp cycLe, minus zero (0) seconds" The time shown in this
IGD is nominaL for this function, since Ehe actual inflight time (Time Base No. 3
fine) is a functlon of initiaEion of IGM, Tli, T2i, and the LVDC computation cycle.

c. Orbital Water Coolant Valve Cycling

After Liftoff plus 650 seconds the water coolant vaLve shal1 be
svitched open or closed by the LVDC through the IU switch selector. the LVDC
gha1l be progrannned to open the coolant valve when either of two thermal switches
rtmted in the coolant system close and to cLose the valve when both of the swiLches
are openc This shal-l- not interfere with other events in the fLight sequenceo
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d. S-II Stage Inboard Engine Cutoff

Ihe S-II Stage Inboard Engine shaLl be cutoff LnfLighL by the
LVDC through the S-1I swiLch selector as a function of veLociLy. Using this
method will provide additional engine out capability for the Skylab uilsions.

However, in the event of a Guidance Reference FaiLure (GRI),
the LVDC shall initiate the S-II inboard engine cutoff rrrhen T1i=0 ptus one'(1) comp cycle minus zero seconds. Ihe time shown in the ICD-is nominal for
Ehis funetion, since the actual inflight time (time base /13 time) is a functionof IGM, T1i and the LVDC computation cycle.

1II. LVDA DISCRETE OUTPUTS, INPUTS AIID INIERRU?TS

The folLowing tables List the LVDA Discrete Outputs, DLscrere Inputs
aud Interrupll.used on this vehicle to aecomplish the flight sequencing
program as defined in this Interface Control Document.

4
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LVDA
Connector E

Pin Number

Discrete
Output
$umbe.r

D01

D01

DO2

DO3

D04

D05

D06

DO7

D08

DO9

D010

DOlI.

D012

DO13

Jl7h

.113J

JI39

'.I4M

J2EE

.l29

.T2S

J2G

.T4m

,-T4a

.I49

J4e

,f 4!

J45

J4C

.l4B

u4A

-i4D

J4Y

J4X

J4W

A. L\DA DISCRETE OUTPUTS

Function

-- 40M33633A

Distributor)

Distributor)

Disfributor)

Dist:tibuto:r)

Distributor)

DisHributor)

Distributor)

Enable

Inhibit
First Digit

Second Digit

Third Digit

F'ourth Digit

Fifth Digit

Sixth Digit

Seventh Digit

Reset Command Decode:r

Reset RCA 110A

RCA 1104 Interrupt

Spare (Wired to Cont:rol

Guidance Failure ?tArr

Spare (Wired to Control

Guidance F'ailure ??B'r

Spa::e (Wi:red to Control

Spare (Wired to Control

Spare (Wired to Control

Spa::e (Wi::ed to Cont::oJ-

Spa::e (Wired to Control

L\rDA/L\IDC Fi::ing Commlr

L\DAIL\DC Fi:ring Comrnit

Switch Selecto:: Address

Switch Selector Address

Switch Selector Add:ress

Switch Selector Address

Switeh Selector Address

Switch Selector Address

Switbh Selecto:: Add::ess

5



.r4v

.I4P

.I4g

'.I4U

,l4T

.T4l

.I49

J4Z,

J4E

,l4J

J4F

J4CC

J4BB

.T4K

L\iDA
Connector E

Pin Number

A. LVDA DISCRETE

Discrete
Output
Nugrber

B. I\TDC

Discrete
Lnput
Number

DINl

DIN2A

DIN2B

OUTPUTS (continued)

Function

Switch Selector Address Eighth

Switch Selector Read

Switeh Selecto:r Read

Switch Sqlecto:r Register Reset

Switch Seleetor Register Reset

S-IC Switch belector Enab1e

S-IC Switch Selector Enable

S-II Switch Selector Enable

S-If Switch Selecto:r Enab1e

SWS Svritch Selecto:: Enable

SWS Switch Selector Enable

fU Switch Selecto:r Enable

fU Switch Selector Enable

Spare (Switch Selector Enable,

Spare (Switch Selector Enable,

DTSCRETE TIVPUTS

Function

40M33633A

Digit

ss-12D)

ss-12)J4s

L\IDA
Connector 6
Pin Number

Jl3h

,117X

J17Y

RCA 110A Sync

Command Decoder OM/D

Command Deeode:r OM/D

6
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!lDA
Connector 6
?in Number

Discrete
Input
Number

DIN3

DIN4

DIN5

DIN6

DINT

DINS

DIN9

DIN1O

DINI.1

DINl2

DINl3

DIN14

DINl5

DINl6

DINl7

DINI,8

DIN].9

DIN2O

DIN2I.

DINz2

J2BB

JzeC

.I29

J2g

J8i

.ltBN

J2F

J2!

.r21

.I2p

-I2g

-I2:r

,Y2Z

\r2E

'n
{2X

J2V

JzW

.I4$

J4t{

B. L\DA DTSCRETE INPUTS (continued)

Ftincticn

S-IC Engine No. 2 Out

Spare (Wired to EDS Distr:ibutor)

S-IC Engine No. 3 Out

Spare (Wired to EDS Distributor)
Liftoff ItBrr

Spare (Wired to ESE)

Spare (Wi:red to EDS Distr.ibutor)

S-ffi/SWS Separation

S-fC fnboard Engine Out nBr

S-fC/S-II Separation

S-If fnboard Engine Out

S-IC Engine No. I Out

S-II AF'T Inte::stsgg Separation

Prepare for Guidanee Reference Release

S-IC Tnboard Engine Out "An

S-IC Outboard Engine Cutof,f ttBr

S-II Engines Oq; rr3t'

Spare (Wired to EDS Disfirlbrrtor)

S-rI Outboard Engine Out

S-LC Engine No. 4 Out

I
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L\DA DISCRETE INPUTS (Contjnued)

Function

Spare (Wired to control Distributor)

B.

LVDA
Connector &
Pin Number

Discrete
Input
Number

-

DIM3

DI,N24

DISl

DIS2

Interrupt
Number

J4L

.I2 s

.r4b

.I4!

J4DD

J4EE

.l49

.T49

.I4G

J4H

.T2AA

.I2m

Liftoff rrArr

Switch Selector

Switch Selector

Switch Selector

Switch Selector

Switch Selector

Switch Selector

Switch Seleetor

Switch Selector

Coolant Thermal

Cool-ant TLrermal

Address Verificatlon

Address Verification

Add::ess Verification

Address Veri.flcation

Address Ve:rificati.on

Address Verification

Add::ess Ve:rifieaEion

Address Ve::ification

Switch #1

Switch f2

Fi:rst Digit

Second Digit

Third Digit
Fourth Digit

Fifth Digit

Sixth Digit

Seventh Digit

Ei.ghth Digit

LVDA
Connector &
Fin Number

JEBB

J29

.XBg

.r2C

J2A

.I2D

,t2Y

.I174

II{I1

IIfT2

INT3

INT4

INT5

INT6

INTT

INTl1.

C. LVDA INTERRUPTS

Function

Command L\DA/RCA 110A Inte:rrupt

Spare (Wired to EDS Disfiributo:r)

RCA 1104 Intemupt

S-If Engi.nes Out rArr

S-IC Outboa:rd Engines Cutoff ItA??

Spare (Wj.red to Control Distributor)

Guidance Reference Release

Command Decoder Inte:rrupt ttAtr



LYDA
Connector &
Pin Number

J17B

Internal

J18G

lnternal

Internal

Interrupt
Number

I.}{I12

OC INT

40M!3633A

Function

Conunand Decoder Interrupt rrBrl

fl.C - Simulanteous Memory Error

Data Ready from C.L.U,

LVDC Timer II

LVDC Timer I

-.-.".

Charging Battery Regulator Modules

Orbital Workshop

Attltude Pointing Control System

Emergency Detection System

Frequency Modulation

Interface Control Document

Instrument Unit

Liquid Hydrogen

Liquid Oxygen

Launeh VehicLe Digital Computer

Pulse Anplltude Modulation

PropelLant UtiLization

To Be Determined

I"lixLure Ratio

Firing Unit

IVN ABBREVI,ATIONS

c.B.R.M.

CBIS

APCS

EDS

rM

ICD

IU

LH2

IOX

LVDC

PAU

P.U.

BD

UR

F.U.

Y. CIIANGES

As requirements change and as the need arises, changes wii-1 be approved and
released against this document and revisions to incorporate Ehese changes will
follow. Questions and requests for changes by all parties concerned should be
put in wriring and directed to S6A-CSE-LI, Marshall Space Flight Center, Alabama
358L2. the tel-ephone number for SEfi-CSE-LI Ls 453-5494,
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VI. LOGIC DIAGAA!6

The Logic diagrams; Pages 1-1 through 16 indicate the conditLons that
must exist before initiation of each time base programned for use on the
sA-5L3/skylab 1 and sA-5l5/skylab backup missions. Logic Diagram, page L7
indicates conditions that must exist for rrater valve cycling.

10
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