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FOREWORD

This volume, SD78-SH-0141, formerly pnumbered as SD74-SH-0043, Vol 2,
Book 2, 1s an element of the Avionacs Verification Plan SD76-SH-0160.
Thas volume describes the elements of the Ascent GN&C Subsystem, the
interface with other subsystems, and the plan for verification of
the Ascent Guidance Subsystem interfaces and the Ascent Integrated
GN&C Subsystem interfaces and the Ascent Integrated GN&C Subsystem.
Verification of the other subsystems are as follows: Flight Con-
trol, SD78-S5H-0140; Navigation, SD78-5H-0142; Separation, SD78-5H-
0143; Integrated Guidance, Navigation and Control, On-Orbit, SD78-
SH-0144; and Integrated Guidance, Navigation and Control, Descent,
SD78-SH-0145. The tests identified for verification may be modified
or deleted as a result of priocr testing.

SD78-5H-0141
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1.0 OVERVIEW

This Velume, SD78-S5H-0141, 1is one of six volumes that define the Guid-
ance, Mavigation, Control and Separation {SRB and ET) Verification
Plans and Methods for the Ascent phase for the Space Shuttle. Figure
1.1 shows the six volumes of this plan in relation to the Avionics
Veraification Plan. This partaicular volume presents the plans at

the ascent guidance subsystem anterface and the integrated GN&C

level while the other volumes define verification plans for £light
control, navigation, separation, and the on-orbit and descent por-
tions of integrated GN&C,

AVIONICS (OFT)
VERIFICATION PLAN

SD76-SH-0.1.60
I

i [ 1 1
FCS INTEGRATED GUID NAVIGATION SEPARATION
VERIFICATION NAV & CONTROL VERIF ICATION VERIFICATION
PLAN VERIFICATION PLAN PLAN PLAN
(RM & SOPS) SD78-SH-0141 (ASCENT) SD78-SH-0142 SD78-SH~-0143
SD78-SH-0140 SD78-SH-0144 (ON-ORBIT)
SD78-SH-0145 (DESCENT) |

FIGURE 1.0-1 GN&C VERIFICATION PLAN-DOCUMENTATION TREE
1.1 Verification Scope

Thas Plan defines the verafication process and requirements for the
Agcent Guidance interfaces and the Ascent Integrated Guidance, Navi-
gation and Control System and aincludes those portions of supporting
systems which directly interface with the system. The Ascent Phase
of Verification covers the normal and ATO ascent through the final
OMS-2 circularization Burn (all of OPS 1), the ADA ascent through the
OMS-1 Burn (all of OPS 1), and the RTLS ascent through ET Separation
(all of MM60OLl). In addition OPS tramslation verification is defined.

l.2 Verifaication Tree

The wverifaication of Ascent GN&C will be accomplished by progressing
from the lowest level of assembly oxr subsystem to the integrated
GN&C level waith OPS Transition for the ascent phase of the mission.
The Ascent GN&C verification tree descrabing this process is given
in Figures 1.2-1. Lower level verification trees for the GN&C sub-
systems and related subsystems are given in their respective vexi-
fication plans. It is intended that a Verification Completion Notice
(VCN) wi1ll be prepared and approved for each box of the tree as des-
ignated by the code building to the top level GN&C VCN for the total
mission flight. It as further intended that responsible counterpart
personnel at Rockwell and NASA for each verification element will be
1dentified,

SD78-SH-0141
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1.3 Verifacation Roadmap

A verification roadmap for the Ascent Guidance interfaces and the As—
cent Integrated GN&C 1s given in Fagure 1.3-1. The roadmap identifies
the top level verafication requirements giving the associated princa-
pal verification methods, facility assignments and general schedule
for conducting the verafication. Detairled verification requirements,
methods and facilaity assignments are given in Section 5.0.
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2.0 SYSTEM DEFINITION

The total ascent/RTLS system functional block diagram 1s shown in Figure

2.1. This figure depicts the total mated element system required for the
integrated ascent/RTLS GN&C verification testing. The system functional
block diragrams include the unpowered portion of the RTLS for reference only.
Refer to SDM 72-5H-0105 for a detailed description of the svsten.

[

2.1 Integrated GN&C

The integraled GN&C system is comprised of both hardware (LRU's) and
software (SW). It interfaces with the wvehicle, the crew, and other avionic
subsystems. A top level functional block diagram of the ascent integrated
GN&C along with most of 1ts critical parameters i1s shown in Figure 2.2.

A more detailed functional block dragram of the integrated ascent/RTLS GN&C
along with all the supporting subsystems 1s shown in Figure 2.3.

The integrated ascent GN&C system of the Space Shuttle Integrated Vehicle
provides guidance and navigation while maintaining Orbiter stability and
control within critical trajectory and loading constraints including
failures and dispersions during normal ascent operations. These operations
include nominal, AOA, ATO, and the powered porticon of RTLS,

2.2 Supporting Subsystems

The primary subsystems of the Integrated GN&C system are gurdance,
navigation and control. These elements plus suppeorting subsystems such

as the backup flight system, separation system, communication and tracking,
displays, and redundancy management tend to comprise the bulk of the
integrated ascent GN&C activity.

2.3 Avionic Equipment Location

The GN&C avionics equipment is located in both the forward and aft
sections of the Orbiter as shown in Figure 2.4,

2.4 Guadance

The powered flight guidance SW processes position, velocity and acceleration
data from the navigation subsystem to generate desired attitude commands for
the flicht control subsystem. During first stage a preprogrammed body
attitude profile i1s commanded.

During the second stage, powered RTLS, OMS-1 and OMS-2 phases a thrust
direction profile which satisfies the target conditions at MECO or OMS

cutoff 1s commanded. If an engine out occurs during first stage, an alternate
body attitude profile is selected. If an RTLS, AOR or ATO abort 1s selected,
appropriate alternate end-burn target parameters withln the vehicle performance
capabllity, are selected for the second stage, powered RTLS and OMS burns.

2-1



LPS

ORBITER

ELLIT I LY LY LLTL

—

LAUNCH
PROCESSING
SYSTEM

sessasussaswnuns 1CD

ico
IIM1500G

\*}’m"

e :
sYS DATA Ors DATA BUS | GUIDANCE Lca : =CONTRQL DEVIip S SME
SUBSYSTEM MGT BUS ¢ COMPUTERS & NAV % 2
HARDWARE * BUS NETWORK DATA BUS ACT E AT 1 »
DISPLAYS mJDATA| ¢ BUSTYERM UNITS — =T % Encine
CONTROLS  [BUS |__* SOFTWARE A BYSMASTER f L {CONTROLLER
FVENTS - 3 ¥
COMM & l ;_ CONTROL YT ATVC k| SENSING
| TRACKING ANST ,_J" — : ELEMENTS
. POWER a—scp PYROS .
195] MW HAY 3 —
L,
o2 S 2w
AUSEASRLEsNESSERsaNSsEaRssnbrunrunaunan]ssanasransnuanfunRRLNG NN se Rk rsER RN SARR SRl aRNUBNAREET RN ARUS LSRR uaafela -I-h..'.!??--.--I..ttt..t.l..l Spang/'ETCAL
N ET [y 2 14001
N
oM oM MEASUREMENTS
SYST SYST * PRESS DC
Y «PROP LEVEL PWR
RANGE s TEMP
SAFETY * VALVE POS TUMALING c-
p
1Y
Rl b bbbl LS LA L L LT DL LIR LT LR LTI TP TR P PP DY P T PR Y YT T T YT T XY Ly X 14 I-.l.IIcle'.......'.'....... PULL-AWAY
, 2 24007 INTERFACE
2 SRB’'s | -
RECOVERY SAM
SYSTEM IGNITION l *1 SEPPYROS .
- H/W PWR & CONT ALY HAW AC
RANGE ,_l?—_—‘ WO MUXD EM (EA r
SAFETY FERZ]— tEA ] DATABUS
————{ DFISYSTEM | r_?@
o0 —
g Q0
=34
=)
2 &
o o FIGURE 2.0--1 ASCENT/ RTLS SYSTEM FUNCTIONAL BLOCK DIAGRAM
[

uoisnig asedg
jeUOLBLLIAU| [[2AMNO0Y QT’



£=C

SI-UDVd TVNIDIGO

KEFIVAD 9004 J0

CREW RHC RGA AA

TARGETING DATA
ENGINE SELECT

SSME THROTTLING |’ l!

GUIDANCE STEERING FLIGHT CONTROL VEHICLE
COMMANDS INTERFACE SYSTEM DYNAMICS
'P,Q,R .'IN,N,J' ¥  R1GID BODY
gew%‘,‘ c’ "¢’ e v’ Tz SRB o1 05H
¢ e, Ve, k% e,e, e S
. % %y gz Jssve’ Jia , Joe BENDING

STATE VECTOR

SENSED AV

YREL

| BODY ATTITUDE, SENSED AV,
NAVIGATION
VREL
IMU
FIGURE 2-2. TOTAL GN&C SYSTEM

uoistnig aoedg
[EUOLIBUIDIY [[OMMO0Y QTQ



-2

ON-BOARD =2
S0 ] sumReD DEDICATED r RECORDERS ==
== SELECTED DATA I DATA
4 ) GNSC PARAMETERS — SHLIST ~
[—b DOWNLINK ==
1 1K =
< 2] PROGRAM/CRT
RGA » ' SENSOR DATA FLIGHT COMPUTER 24 |  PAGE LOAD
£ p| NAVIGATION OPERATING SYSTEHA® MASS
(W) HDG (Fs) ] DATA _ MEMORV,%/
< veL, postTion, Wiz Py
M R < ATTITUDE & L
g b 10 com rauLts DISPLAY DAT
- L ] WOW
A AIR DATA ALT ERROR, Q BAY PODING  Zlag]——HOKE LAKDING/DECELERATION
> SPEED BRAKE POSN FB | aurpance | sequencing ¢ 2 SLBSYSTEM
SUBSYSTEM - {GD) - > CO?FE?L 5;
OPERATING ’ Z
< PROGRAMS T AUTO CHDS o YEYGOARD CRT
TACAR o (50P) AUTO MODE STATUS
. CREW CIDS
) vyl vy DISPLAY DATA 9
MseLs | ACTUATOR CMDS < > PAGE FORMATS DEY
> o / MESSAGES _ ////
ACTUATOR/CONTROLLER FLIGHT CONTROL [ > DISPLAY / >
- POSITIONS, SENSOR DATA (FC) FLT DIRECTOR CMDS, PROCESSOR 7] | AIR DATA, SPI
R 4 g#ﬂﬁg SE_IES. MODE STATUS (p) R-NAVAMODES.
o R DISPLAY DATA / saTuratIoN [ peorcaten
g | - > /(/// { 1 niseiay
BODY._FLAP MASTER FAULT
AERO | o CHD, JET FAIL Haste
pROBES [ ADTA o CMDS STATUS CRH DISPLAYS
| v FARTS o} & SWITCHES 3
REDUNDART| DATA " ST
REDUNDANT RAW DATA N (RM) D FAULT STATUS
RHC VALVE
Stpa TRIL

{ werd | OMS |
| |
!

A

| RES T RIGDT] i

FIGURE 2-~3 GN&C FUNCTIONAL BLOCK DIAGRAM-HARDWARE/SOFTWARE

uoIsiAg soedg

[BUOLBLISI] {[oAO0Y ‘Y'



@ Rockwell Intemmatidnal
BN

Spaco Diviston

FORMARD CABTIN APEA

« INCRTIAL MEASUREMENT UNIT

FLIGHT DECK -
« HANUAL CONTROLS |

NOSE -

* AIR DATA COMPUTER
(GFCS)

+ AIR DATA _
PROBES

+ BOOM & AD_SENSORS
(oFCs)

I

FORWARD_AVIONICS BAYS
“ « AR DATA TRANSDUCER
ASSEMILY
+« ACCELERCMETERS

«0PS {GPC, HMOM's, MLM.)

* HAVAIDS

"AFT AVIONICS BAYS

-« RATE GYROS
* AEROSURFACE SERVO
AMPLIFIER
» APU CONTROL
= LOAD CONTROL
* HOM's

!

Figure 2-~4 OGN&C Equipment Locatdon

3

00d &0
TVNIDIHO

ALITVND 3
8T @9)vd

ucising aoedg

[EUOLBUIBU [[EMO0Y QT@



’l‘ Rockwell international

Space Division

2.5 Navigation

The NAV subsystem outputs include vehicle attitudes and velocity to
flight control (FC), vehicle posrition and heading data to guidance
(GD)} and to displays (D18, D19, Di110); IMU-derived body rates and
accelerations (RM) for use in failure detection plus selected data
to telemetry (TLM).

Figure 2-5 1s a simplafied block diagram of the navigation subsystem
interfaces. A more complete system definition is contained in Volume
3 of this series.

2.6 Flight Control
2.6.1 Ascent

The ascent flight control subsystem functions provide attitude con-
trol and stabalization, mated vehicle structural load alleviataion,
elevon load alleviation and fault detection and isolation.

During the nomanal ascent Stage 1 and Stage 2 mission phases, the
flright control subsystem (FCS) receives vehicle attitude errors and
attitude rate commands for thrust vector control from the guidance/
control steering (GC-Steer) interface. GC-Steer also provides the
ascent ADI processor with attitude errors for display. Three axes
rate signals from the Orbiter RGA's, pitch and yaw rate signals from
the SRB rate gvros, and normal and lateral acceleration signals are
received by the Ascent DAP {to be combined with the vehicle attitude
error and rate signals for subseqguent automatic commanding of the
main propulsion engine and solid rocket booster motor actuators via
the command processors and actuator command SOP's. The flight con-
trol subsystem provides elevon repositioning commands to relieve

in flight elevon actuatox loading. Elevon actuator primary feedback
pressures are processed by means of hinge moment relief logic and
summed with a relative velocity schedule profile to provide slaved
elevon position commands. Management of redundant flight control
elements 1s provided to minimize system effects of element failures,
zdentirfy faulted elements and switch out of active control, assure
that good elements are not switched out, and to control transients
incurred during reconfiguration.

Many FCS8 functions are dependent upon outside indicators for the pro-
per execution of the ascent control laws and sequence of events.

Examples of some of these indicators are: ainitiate SRB null command,
begin monitoring of SRB chamber pressure, lnitiate SRB separation
command, main engihe cut indicators, initiate main engine pitch re-
trim, initiate main engine cutoff, hydraulic system fallure indica-—
tors, ainitiate ORB hydraulic slew test, and initiate SRB hydraulic
slew test.

2-6
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2.6.1 (Contanued)

Flight control mode switches provide pitch and roll/vaw Auto, CSS,
and Gain. Enable selection at each of the two crew positions. Nor-
mal ascent FCS operation will be 1in the Auto mode. CSS selection
provides the manual guidance mode for an abort situation. Selection
of the Gain Enable push button in conjunction with either Auto or
CSS switches permits the crew to adjust the forward loop galn to 1m-—
prove the handling characteristics of the vehicle.

A simplified block diagram of the ascent/RTLS flight control system
interfaces is presented in Figure 2-6,.

2.6.2 Return to Launch Site (RILS)

Flight control of the Orbiter during the unpowered portion of a
return-to-launch-site (RTLS) abort 1s provided through the GRTLS
DAP.

GRTLS DAP 1s first called at MECO COMMAND, and provides attitude
stabilization during the brief mated cocast (MC) phase prior to
separation from the external tank. Body mounted rate gyros provide
rate feedback on all axes. Attitude error signals are provided

by the GC_STEER module. The reference attitude 1s defined by an
axis along the earth relative veloclity vector, a horizontal axis
normal to the velocity vector, and a third axes normal to the other
two.

RTLS ET SEPARATION COMMAND causes the GRILS DAP to change from the
MC to the ET SBEP configuration and initiates the -Z translational burn.
Angular rate feedback 1s provided on all axes, and roll and yaw errox
signals are supplied by GC_STEER. However, the pitch error signal

1s not used during ETSEP. PFPaitch control is invoked only i1f the
pitch rate exceeds a preset level. The crew can modify the orien-
tation of the Orbiter with three-axes RHC inputs during ETSEP.

In addition, the translational hand controller (THC) can be used to
override the roll/pitch loops and turn on all the -2 RCS jets. The
completion of the ET Separation translation burn is the tramsition

to the glade phase of RILS.

A samplified block diagram of the Ascent/RTLS flight control system
interfaces 1s presented in Figure 2.6.

2-8



6~2

P
12282t e

ET_SEP/AFT : I oms
MASTER _EVENTS
" _ n"wuz:ef G MES ':Vc'
10 cpo 3 _{__ | [—b CTRS
- "—: MDM = -
MSBLS l = = « .| ForuaARD Res
X ot 'y
- o |
B0y
‘ // ]
TACAN " | > KT RCS
| S vdyalieis w—
RACAR 1 i - B . ELEVans (4
ALTIMETER |l | R @I@ + RurpER, !
AlR 0ATA R , . i AU /f‘g .
TRANSOUCERS || [T, ‘ e 5;“5:»5;»&5
_ = == [(7) - Body Fiap
| KE /8/1' « VENT DDORS
HoTed, R
] ¢ ET DOORS
CONTROLS |l o= P centrel [I———""9 «Tanx MmrIFoLD
& B [] pssy » TAHK 1SOLATIOK
ATTITUDE RUDDER PEDAL

; -, e |

i —_—1 (W

DIRECTOR TRANSOUCER DLSPL , e (9) :gmigpggn
ot g S = s +AE o ases
STUATION xé’ Z ry | (6 sequine) [l | Scovercire * RCS ‘FUEL

o » ' {6) OMs * ISOL VALVES
INDICATOR L 4

(HSI] i . * OMS PURGE
ALPRA/MACH CRT vl  SuBSYSTEN
ROTATION,/ / 1,
{’3&}5““’“ ARt CONT =
ALTITUDE VELIARI TS
VERT VeL ——— pl COMPUTER ] > PCH o1 |
IND[CATOR ! *1 swreL s MOM
(AWT) ARANSCATION = Pt - A i
SURFACE HARD CONTROL > |
At ] ® RCDR CONTROL  QTY GAGING - ECLSS

%umgma SR8 P/L MOM o NSP /L » HYD CIRC
SP1

i o ANNUNCIATION o EVAPORATORS & N3
"E’yﬁs‘” M F s » ANTENNA MGHT  BOTLER :

A 4

k J

]
ncmcs) ‘“EE‘"—'— 5B g

- Fes i L SM DATA
220 S e L
- s . o D31 ;Ocj ?
] Siaren ] se0 | SM DATA &

, MOM o

I AP - 2
UNRELATED | | E @
237

FIGURE 2.6 ORBITER ASCENT/RTLS FUNCTIONAL BLOCK DIAGRAM (FCS)

uoising aoedg

JBUOHIBLLIDIY] [JOMYO0Y %Tg



GLQ Rockwell international

Space Division

2.7 Backup Flight System

The backup CGN&C system as shown in Figures 2.7.a and 2.7.b are designed to
pProvide protection against a generic software Ffailure of the 4 Primary GNEC
computers. The BFS will be available only an O0PS 1 and 3, and constitute
one computer load. Because the BFS will fit into one computer coupled with
the fact that on orbit operations is not a baseline requirement, some of
the capabilities of the primary system in OPS 1 and 3 are not available to
the BFS. However, guidance laws, navigation and flight control algorithms,
display formats, etc., which are used by the BFS are 1dentical to those
used by the pramary.

2.,7.1 DBFS Ascent Guidance

The BFS guidance subsystem i1s based on the identical algorizthms used by the
Primary Guidance Subsyvstem. However, the BFS does not support the entire
abort capability available to the pramary. Specaifically, the BFS covers only
ATO.

First Stage Guidance, with the exception of Aborts, 1s identical to that
utilized by the primary. 2An I-loaded table of patch, vaw and roll tables

is used to generate commanded body attitudes as a function of relataive
velocity. A throttle table, also as a function of relative velocity, is
used to constrain variable structural loading. The generated body attitudes
are passed to the flight control subsystem as steering commands, while
throttling commands are passed to the SSME HARDWARE INTERFACE PROGRAM (HIP).

Subsequent to SRB jettison, Second Stage Guidance 1s initiated. The BFS,
with the exception of abort coverage, uses guidance algorithms identical to
those used by the primary guidance subsystem. Navigation inputs, in the form
of state vectors and velocities, are used to develop steering commands to

be sent to the flight control subsystem. Acceleration limiting throttle com-
mands are sent to the SSME HIP.

Subsequent to MECO, and ET separation, OMS guidance 1s used for two burns
whaich culminate in placing the wvehicle into a safe orbit. The guidance
laws used are the same as those used by the primarv.

2,7.2 BPFS Navigation

The navigation system during the ascent phase receprves vehicle state data
from the inertial measurements unit HIP (IMU HIP) in the form of IMU
measured accumulated sensed velocity and corresponding time tag, angle of
attack and sideslip f£from the attaitude processor portion of the TMU (ATT PROC),
current vehicle mass from ascent guidance, taime of epoch and corresponding
updated M50 to earth-fixed coocrdinate transformation matrix via the primary/
backup data exchange HIP and mission segquencing and major moding from the
backur events controller (BEC).

The NAV ascent subsystem outputs include vehacle attitudes and relative
velocity magnitude to £flight control (FC), vehicle state and time lag to
guirdance, altitude, dynamic pressure, vehicle state, and total locad factor
to user interface (UI) for pilot use, relative velocity and vehicle state to
attrtude processor (ATT PROC), and finally dynamic pressure and total load

factor to systems management and sequencing (SM & SEQ).
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2.7.3 BFS Flaight Control

BF3 Flaght Control undergoes three digstinct changes during Ascent and
Insertion. Farst and second stage boost are purely automatic modes.

Flight control raceives steering inputs from guidance, present attitude

and velocity from navigation. During first stage when the SRB's are burning,
these are combined with rate gyro and acceleration data to yield TVC actuator
commands. Aerosurface load relief is accomplished simultaneously by sensing
actuator P and generating appropriate drive signals to reduce Hinge moments,
Redundant sensor/controller data is mid value selected prior to use by

flight control, to enhance fault tolerance.

Following SREB Jettiscon, second stage £light continues, switching to
Orbaitexr rate gyros for yaw and pitch and using only the SSME's for control.

External tank separation and the subseguent two insertion burns are
accomplished via the backup Transition DAP, using gimballed OMS engines
and 38 RCS jets (the vernier RCS are not used in BFS) Control during OMS
burns 1s accomplished via manual thrust vector control, using the RHC
and Orbiter rate gyros.

Flight contrel panel switches and CRT displays wall be the same as what
will be available for the Efitry Phase of the OFT mission,

A samplified block diagram of the Ascent/RTLS flight control system
interfaces is presented in Faigure 2.7.a and 2.7.b.

2.8 Redundancy Management, Moding, Sequencaing and Control (RM/MS&C)

The basic function of the RM/MS&C 1s to direct the utilization of the
GN&C system hardware and software durang gll orbiter flight phases,

2.8.1 Redundancy Management

The GN&C redundgncy management is designed to maximize the operational
reliability of the GN&C system. This is accomplished by management of
redundant data to minimize usage of ancorrect or faulty data within the
GN&C software application programs. Data from sensors, transducers, and
switchines are processed to minimize the probability of degradation of
system performance (1.e., maximize vehicle safety and mission success
probabilities).

Redundancy management consists of five software functional modules, as
shown in Figure 2-8, The functional modules are:

« Redundancy management control (RMC)
. Redundancy status (RS)

« Selection f£ilter control (SFC)

» Selection filter (SF)

. Fault detection (FD)

2-13
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Major interfaces exist between RM and the following major software
functions:

. System management (SM)

. Display interface processor (DIP)

. Subsystem operating programs (SOP)

. NAV and FC application programs (AP)

. Flight computer operating systems (FCOS)

The FCOS interface is an aindirect interface via SCP.

One major feature of the RM system is the selection filter. The SF
provides a single data output source to user programs derived from
redundant input data. Redundant data are input to the SF from SOP's,
AP (applicaticn programs) or hardware. The SF is controlled by an
anput from the FDIR and SFC, by digital communication status from
FCOS, and by data lock-on status (RF navigation aids).

Input data to an SF from an SOP or AP are also provided to the FD
function, The input data are periodically examined for an out-of-
tolerance condition by the FD function. This function 1s performed
on the same set of data that the RMC FI is using. The FD xesults
are provided te the RMC function for falilure adentification and
fault/usage status.

The RMC function determines the fault and usage status of the equip-
ment. Fault status i1s based on the FD status, the built-in test
equipment (BITE) status, and the lock-on status. In general, the RMC
declares equipment faults after noting three consecutive fault status
anputs. Fault declaration i1s contingent on fault detection and iden-
tification. All detected faults are annunciated to the crew and are
noted to be equipment specific only if the fault s adentified.

The selection filter controller modes the SF on the basis of crew
inputs or RMC usage input. Direct crew inputs are applicable only
during the down-mode—inhibit mode, which 1s applicable to all equip-
ment simultaneously. Duraing the time down-mode inhibit 1s selected,
crew inputs co the RMC for use in determining the RMC usage status.

The status of the equipment and the values of the data being employed
in the RM functions are tabulated in the RS function. The RS data
are available to the SM and UI functions for crew annunciation and
display.

In addition, special functional modules are defined for discrete

switch RM, body f£lap RM, and ADTA RM. The switch RM functional module
includes the functions performed by the RMC, SFC, SF, and FD functional
modules described but 1n a more integrated manner. The switch RM
interfaces to the RS functional module. The body flap and ADTA RM
similarly contain the RMC, SFC, SF, and FD functional modules describ-
ed but in a more integrated manner. The switch RM intexfaces to the

RS functional module.
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The body flap and ADTA RM samalarly contain the RMC, SFC, SF, and FD
functicnal modules and interfaces with the RS, These special func-
tional modules result from hardware peculiarities that dictate spe-
cial consideration.

The mission-dependent constants are to be easily changeable on a
mission~-to-mission basis.
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2.9 Display and Control Subsystem

Daigplay and control hardware and software provide the crew with manual
command, control, and monitoring of GN&C functions. Figure 2.9 1s a GN&C
displays and controls block diagram that shows the display processor {DP} and
1ts ainterfaces with elements of GN&C and the displays.

2.10 SRB Separation System Descraiption

The Separation System includes sofiware, release hardware, booster
separation motor systems, and subsystem functions uniguely defined by
separation requlrements. The separation system block dlagram ls shown in
Figure 2-10. The separation sequence 18 initiated when the chamber pressure
in both SEM's 1s 50 psia, or the time from liftoff has exceeded maximum
possible time for any SRM to have reached 50 psia during tailoff.

The SRB/ET attach/release system consist of 1 forward and 3 aft structural
fittings per SRB. There are 2 range safety cables and a small ordinance
cable across each forward interface and & SRB to Orkiter cables and a small
ordinance cable across each aft upper strut., In addition, there are small
ordinance cables across the separation planse of each of the other aft
struts.

The forward and aft structural attach fittings utilize double ended pyro-
technic separation bolts. Disconnect of the electrical cables across the
forward and aft upper strut is provided by pull away connectors,.

The hooster separation motor system consists of two cluster of 4 boosgter
separation motors, BSM's, per SRB, the forward cluster is mounted in the
frustrum and the aft cluster is mounted on the aft skart. These motors
are oriented to provide a force to translate the SRE's down from the
Orbiter wing and outboard from the ET. BSM ignition is accomplished
through redundant initiation of a2 manifeold at each cluster.

2.11 ET Separation System Description

The Separation System includes software, release hardware and subsystem
functions uniquely defined by separation requirements. The external tank
separation system block diagram is shown in Figure 2,11,

The separation Sequence 18 initiated when SSME MECO hags been verified, and
all separation pyrotechnles are armed. When SSME pre~valve closure is com-
manded, the sequence 15 continued and the feed line disconnect valves are
commended closed, The ET power 1s commanded off and umbilical carrier plate
release and retraction 1s inyrtiated., Structural release is automatically
commanded and a RCS translation maneuver inltlated when for NOMINAL, AOAR and
ATO Separation, the body angular rates are within limits and the feed line
disconnect valves closed. RTLS Separation for structural release and RCS
translation are initrated when the body angular rates are within limits and
the angle~of-attach and sideslip angle are wathin limits.

Phe orbiter/ET attach/release system consists of one forward and two aft
structural attach/release fittings and two aft located umbllical clusters
which provide the fluid line and electrical anterface.
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3. SYSTEM REQUIREMENTS

This section defines the top-level and detailed functional and performance
requirements imposed on the ascent integrated GN&C system for the Space
Shuttle OFT and operational program. It 1s important to note that the
requirements defined herein are restricted to those requirements that must
be verified to demonstrate that the vehicle can fly the powered phases of
ascent to orbit insertion or through ET separation in the case of RTLS abort.

3.1 REQUIREMENTS TRACEABILITY

Figure 3-1 defines the GN&C system requirement tree providing traceability
from the Space Shuttle Flight and ground system specification down through
both the hardware and software specifications. Tor the integrated GN&C
systems verification, the level of requirements to which the system will be
verified will be those defined in the Integrated GN&C System Defanition
Manual (GN&C SDM).
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3.2 REQUIREMENTS

The ascent integrated GNZC design requirements from the Space
Shuttle Elights and Ground System Specification, Vol. X, are 1denti-
fied i1n Table 3-1. These requirements and associated Orbiter End
Item Specification and other documents GN&C and related Avionics
requirements are correlated in the Space Shuttle Avionics Verafication
Plan foxr COFT.

TABLE 3-1

SPACE SHUTTLE FLIGHT AND GROUND SYSTEM
SPECIFICATION VOL. X INTEGRATED GN&C REQUIREMENTS

VOL. X REQUIREMENT DESCRIPTION

3.2.1.1.6 Orbit Insextion Accuracy

3.2.1.1.9 Nominal Ascent Sep IC's and Performance

3,2.1.1.10 Abort Sep IC's and Performance

3.2.1.1.11 Flight Personnel Flight Load Limats

3.2.1.1.17 MECO Targetaing for ET Dasposal

3.2.1.5.1 Intact Abort and Failures

3.2,1.5.2.3 Manual Initiation of Cont. Abort S/W Modes

3.2.2.1.2 Load Limiting (Throttling, Traj Shaping, Elevon
Positionaing) Engine Parallelaing Modes

3.3.1.2.2.1 Limyit SSME Gimbal Excursions

3.3.1.2.3.1.2 Avionics/GN&C Redundancy

3.3.1.2.3.3 Provide GN&C for all Phases {Auto/Manual)

3.3.1.2.3.4 GN&C/Displays & Controls/Crew Interfaces

3.3.1.2.3.4.1 Abort Commands

3.3.1.2.3.5 GN&C Software and Data Processing

3.3.1.3.2.1 GN&C Sourxces

A detailed listing of Ascent GN&C requirements to be verified are
given in Table 3-2. The corxelation of these requirements to the
various requirement document paragraphs will be supplied in subse-
quent revision of this plan.


http:3.2.1.1.17
http:3.2.1.1.11
http:3.2.1.1.10

TABLE 3-2 ASCENT GN&C REQUIREMENTS

REF. NO. REQUIREMENTS

ALITVOD A00d J0
gl WOVd TYNIDIHNO

1.1.16) The GN&C shall provide a digitally-processed manual control capabilaty
for all flight control functions for all Orbiter—alone flight phases.
Durxng iaunch and ascent of the mated vehicle (OKB/ET/SRB and ORZ/LT}
the capability to digaitally process panual main eangine throttle commenids
shall be proWided. Hanual guldance (substrtution of stick coamand for
auto guidance cormand) capability shall be provided duriny mated vehicle
.£1ight phases for contingency situations. This paaunal guidance cap-
ability shall be provided only in the abort software operatiopal seq-
yences, and will not be provided in the nominal wission sottware majog
wodes. If manuval guidance 1s selected, there is po requirxement for
return to autoratic operations during ascent.

1.1.1(b) The GNEC shall provide vehicle stabilization and contrnl ithroughout-
ascept, orbital, entry, and landing flight reqgimes for both automatic '
and manval control modes, and combinations of each for those missiors
wnere bolth auntomatic and manual modes are provided.

1.1.1(c) The G¥EC shall provade an on~hoard attitude refereace that provides

continuous attitude information regquired for guidance, navigation, aand
daisplay Functions with no attitude limrtations.
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TABLE 3-2 ASCENT GN&C REQUIREMENTS (CONT.)

REF., NO. REQUIREMENTS

1.1.1(d) | eN&C shall provide the capability of accepting state vector updates and
other nission and vehicle related GMNEC data from external sources
through data link communicataocns.

1.1.1(e) GNEC shall supply GNEC subsystem data to the instrumentation subsysten
and performance monitor function for telemetry, recording and counfigur-
ation/health status reporting.

1.1.1(5) ,GN&C shall provide a wmeans for transferring control authority from the
Auto Wode to the manual nmode and from manual to Auto Mode with '
acceptable transients for those mission phases where both automatic and
manual rodes are available. !

1.1.1(g) GNEC shall provide current abort-mode solutions after abort mode
selection and initiation by the crew.

1.1.1(h) GN&C shall provade coarse alignment and the means to f£ine align the

.attitude refersnces automatically.
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TABLE 3-2 ASCENT GN&C REQUIREMENTS (CONT.)

REF. NO REQUIREMENTS
1.1.1¢r) GHNE&C shall provide on—board automatic reconfigurataon vith manual .
reconfiguration override capability as reguired by time-critical fallurﬂ
nodes to working GNEC system upon aany time-critical failures.
1.1.1(1) ¢N&C shall provide automatic calabratiom and conpensation of inertial
sensors of sensor data, when required.
1.1,1(k} GNE&C shall supply data to the control and display subsystems reguired
to monitar GN&C subsystem performance, monator GNGC function execution, ,
and pecform vehicle manual control.
1.1.1(1¥ gwsc shall provide attitude control stability of the rigid aercdynamic
modes, aeroelastic modes, and fluid slosh modes, including the effects
of "tail-wags-dog" dynamics.
1.1.1(n) GN&C shall supply an automatic segquence and command £or misSsion o0
seguences, aand manunal overridesverafication capabilaty. "5’%
- vy
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TABLE 3-2 ASCENT GN&C REQUIREMENTS (CONT.)

REF. NO. REQUIREMENTS

1.1.1(0) GN&C shall provide, when practical, the capability to check out inter-
facing systems, including end-to-end items.

1.1.1(p) GN&C shall provide signals to the CET subsystem for proper antenna
selection.

1.1.1(x) GN&EC shall provide capability for inhibiting jet compands and disabling
jets.

1.2(a) GNSC shall inmitiate lift-off seyuence.

1.2(b) GNEC shall provide guidance and control for tower clearance as specified

in 3.2.3.1.2.
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TABLE 3-2 ASCENT GN&C REQUIREMENTS (CONT,)

REF. NO. REQUIREMENTS

1.2(e) GN&C shall control the orbiter/LI/5HE 1n the presence of:
1. SHEB dynamirc thrust vector and attach misalignments of TBD.

2. Differential thrust between the two SRB!'s on the Shuttle vehicle
which does not exceed the thrust versus time profile defined 1in
Figure 3.3.5.1.2 of the OVEI spec.

3. HMisaliynment between MPS thrust vecteor and enyine centerline ot
0.5 degree maxinmum half-cone angle.

4. #a2chanical installation misalignment of the actuator on the engane
of 0.25 degrez mazimum with respect to the vehicle centerline as it

exists during anstallation of the engine.
5. MPS snubbing uncertainty of 1.0 degree.
6. #P5 thrust mismatch of 12,000 pounds maXximus plus the mismatch

produced by difterential throttling of the engines by the
avionics, which shall not exceed 2 percent of coumanded thrust.

1.2(d) iGNeC shall provide main engine coumands per Table 8.3 of ICD
1315000 and start commands to the SHB.

ST @9vd TyNgorgg
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TABLE 3-2 ASCENT GN&C REQUIREMENTS (CONT.)

REF. NO.

REQUIREMENTS

1.2(e)

1.2(£)

1.2(3)

1.3

1.3(v)

1.3(c)

GNEC shall provide capability for automatic sigrals to the MPS and SBRB's,
for control anthority in pirtch, yaw, and roll. tLapability shall also bhe
provided to program orbiter elevon deflections to relieve wing and
elevon loads. Hardware and software provisions shall be made for a
closed loop load relief elevon control using actuator 1oad pressure
signals. Yaw steerang capability shall be provided in accordance with
3.2.3.1.3 of OVEIL.

1the GN&C compuler shall monitor ascent g's and provide signals for
throttling nP3 to limit resultant rigid body longitudinal acceleration
to the g levels stated in 3.2.2.1.5 of OVEl.

Control angular rates and acceleration to those specified in 3..2.3.1.3
of OVEI.

GNEC shall sense and determine the time when the chamber pressure of
both $RB's decayed to 50 % 15 psia.

GN5C shall commpand SRB (two) separation. =

GHEC shall provide control | so that the orbaiter/SRB/ET shall have anqular
rates less than those spec}fied in 3.2.3.2a of OVEI.

uoisiug ageds

[EUOLEUIS]U] J[BMYO0H QT’


http:3.2.3.2a

6-¢

TARLE 3-2 ASCENT GN&C REQUIREMENTS (CONT.)

REF. NO.

REQUIREMENTS

1.3(d)

1.4¢a)

1. 4(b)

1.4(e)

1,4(d)

1.4,1(a)

1.4.1(b)

.GNEC shall provide control so that the orbiter/EY shall not deviate
from 1ts orientation at SRB separation initiation by more than the
values stated in 3.2.3.24 of OVEI.

GN&EC shall provade guidance comrands Lhat permat insertion into both
circular and elliptical ocbaits for all credable oroait anclinations, .
GUEC shall provide maln engrne coamands per table H.3 of ICD T3H15000;
provide control siguals to the main engine TVC actuatoers to provade
ascént dontrol authority in pitch, roll and yaw as specified in
3.2.3.1.3; and receive electiical signals frow S5UE 1TVC actuators dand
'provide fairlure detection, aisolation and recovery (FDIR) and annpuncira-
tion functions,

GHNEC shall provide the necessarLy guidance and ndvigationdl accuracy ror
lnnertion Anto the required ocbait 1n the presence of design-level offi-
norrnal performauce of the MP5, SRB's, and other pertinent subsystews
without requiring a flight performance reserve (FPu) exceedrny Q.45
percent of total ascent characteristac velocaity. 1bhis FP# shall be
‘1ndependent ob the 04S delta V capability.

GN&LC 3hall determine #NE cutoftf time anoc command throttle to 50 percenk
priror to shutdown then coumand NE shutdoun.

GNEC shall determine the reguired BT separation—-initiation time.

‘The angulaf rate at BT mechanical release shall be as specified in
13.2.3.4%a af OVEIL.

81 §Hvd TVNIDIHO

RIrrvnd #00d J40

uoistalg aoedg

[BUCLEUISIU| [[SMYO0Y QTQ



XIFIvVD ¥00d 40

oT-€

ST APV "TVNIDIFIO

TABLE 3-2 ASCENT GN&C REQUIREMENTS (CONT.)

REF. NO. REQUIREMENTS ;
1.10.1 41l Mission Abort Phases. The folloving exceptions apply (cef.
13- 3.5.1.1a 1 of OVEI) H
I
‘as Subphase sequential time intervals of 3.2.3.6 of OVELI (on-orbit
requirements) do not apply to abort flight.
b. Abort node solutions (ref. 3.3.5.1.1.1.g9 of OVEI) are not required
subsequent to selecting an abort mode.
1,10,2 Orbiter /ET/SRB Mated Ascent. The following exceptaops aad additions

apply {(ref. 3.3.5.1.2 of OVEI).

a. "“Heads down" orientation for ascent (ref. 3.3.5.1.2.9 of OVEI) is
not &a requareament during an abort node.

b. Control of angular rates and acceleration within the limits speci-
fied in 3.2.3.1.3 of OVEX (ref. 3.3.5.71.2.]J) 1s pot a requirement
during the briref period of a fairlure transient.

ce The SRB's and SSME's shall be monitored for those failures which are
classified as intact aborts in 3.2.3.13.1.3 of OVEI. 1Indication of
failure occurrence shall be provided to the crew, together with
display for failure evaluation.

d. Provide auntomataic sequence for the time critacal abort functions
beyond crew response capabilaity.
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TABLE 3-2 ASCENT GN&C REQUIREMENTS (CONT.)

REF. NO. REQUIREMENTS

TI-¢

1.10.3 Orbiter/BET Ascent. The following additions and exception apply
(ref. 3.3.5.1.14 of OVEI).

a. Provide guidance commands that permit attalnment of intact abort
MECO target conditions for RTLS, ACA, ATO {abort to orbit) and
migssion continuation type of aborts.

b. Provide rthe necessary gvidapce and navigation accocuracy for HECU
target attainment in the presence of design-level off nominal per-
formance of the remaining operating systems and subsystess within
the normal mission flight performance reserves.

c. Provide the necessary commands and sSequencing for depletion of
aft RCS and ONS propellants to the various abort mode subphase
propellant remaining redlines including the interconnect of the
aft RCS engines to the OMS tanks when necessary.

d. Provide OMS engine commands and signals to posation OHS gimbals

for burn simul taneous with the SSHE's for RTLS, AOA and ATO aborts., éﬁ?
f. For RTLS abort, main engines will not be throttled to 50 percent w T
percent prior to shutdown (ref. 3.3.5.1.43 of OVEI). lg g
i =
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o s
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TABLE 3-2 ASCENT GN&C REQUIREMENTS (CONT, )

REF, NO. REQUIREMENTS
1.11,2 Transfer and Install Shuttle on Pad. The GNEC shall be capable of
supporting the 24-hour launch requirenment specified in 3.2.3.14.4 of

OVEX.

1.,11.3 Launch Readiness Checkout.

a. The subsystem shall have the capability for checkoui of all GNEC
functional paths. The capability to perform checkout with inter-
facing systems shall be provided. Verification pf system readiness
shall be made through the on-~board display system: no GSE shall be
required for this capability.

b. The GNEC shall be capable of verification between T-10 hours and
T~2 hours prior to launch.

¢« Inertial sensors shall be calibrated at prelaunch with the accuracy
required to meet mission requirements. Capabilaty shall be provided
for calibration with the vehicle in the vertical or horizontal atti-
tude without 1llveling the vehicle and wathout determirg azimuth
from an external source.

1.11.3.1 Launch From Standby. The subsystem shall have the capability to
support the lauwach from standby requirement specified in 3.2.3.14.5

of OVEI.

1.11.5 launch Countdown. The GN4C subsysten shall have the capabilaty to

retarget as specified in 3.2.3.14.13 of OVEI. The subsystem shall have

variable launch capability to satisfy the acceptable launch-to-insertion
aziruths from both KSC and VAFB.

1
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TABLE 3-2 ASCENT GN&C REQUIREMENTS (CONT.)

REF. NO.

REQUIREMENTS

1.10.4

1.10.5

ET Separation. The following additions apply (ref. 3.3.5.7.4% of OVEI): |

a. For RTLS aborts, determine the required ET separation initiation

time.

b. Control angular rate at ET mechanical release to the following

limits:

1= Por RTLS, within 120.2 degrees per second of comumanded rate.

2. For ROA, ATO and mission continuation, equal to or less than

0.1 degrees per second.

Insertion. The following additions apply (ref. 3.3.5.1.4.2 of OVEI):

a. Provide guidance capability for direct ascent to a free~return
ellaptical orbat which allows entry and landing at the launch site
within one revolution for AOA nmodee.

b. Provide guidance capability for direct ascent to a safe elliptacal

orbit to; the AT0 mode.
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TABLE 3-2 ASCENT GN&C REQUIREMENTS (CONT.)

REF. NO. REQUIREMENTS

1.4.1¢e) Gn&C shall initiate and control separation sequence.

1.4.2(a) GREC shall provide gurdance capability for direct ascent to all circular
or elliptic orbits that are compatible with launch site and propulsive
capability.

1.4.2() GN&EC shall maintain angular rates as specified in 3.2.3.5.3 of OVEI

1.4.2(d) GNGC shall determine OMS start and cutoff time and command OHS ignation
and shutdown.

1.4.2(e) GNEC shall provide output to the cockpit displays of resadual velocity
vectors after termimation of the ONS bucrn.

1,4,2(f) GN5C shall perwnit insertion errors no greater than those described in

Section 3.2.3.5 of OVEI.
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TABLE 3-2 ASCENT GN&C REQUIREMENTS (CONT.)

REF. NO,

REQUIREMENTS

5.2,1

5.2,1.4

GNEC Computer Program. The GN&C computer program, 1n conjunction
with the GHNE(C data processing equipment, shall provide the data
processing capabilities necessary to perform the guidaunce
‘navigation, control, GN&C performance monitoring, and anput sensor
redundancy wanagemnent functious in support of the GREC performance
requirenpents.

Guidance Functional Element. The yuidance functional element will
.provade the outer loop attitude steering commands to f£laight control to
guide the Orbiter on the desired flaght trajectory. The guidance
ccumands will be computed trom navigation inpuats apnd based upoun the
sSpecific objecktives of the particular mission phase 1np which the Orbiter
is operating. Guidance v¥ill perform the reguired tagrgeting coapu-
tatiouns, mission planning functions, schedule engine start and stop time
and compute thrust level values for all applicable mission phases.
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TABLE 3-2 ASCENT GN&C REQUIREMENTS (CONT.)

REF. NO.

REQUIREMENTS

5.2,1.5

5.2.1.6

5.2,1.7

'vavigation Functional Element. The navigation functional element shall
be capable of establishing and maintaining state vector and attitude
data based on data received fros the GREC navigation scensors and approp-
riate force models (except that one-way-doppler data will not be
intilized for the first 18D OFT flights during whaich ground supplied
state vector updates will be used). 1t shall also be capable of pro-
vading the GREC Sensor MNamnagement functions with necessary information
for computing sensor orientation commands, tracking angle desiynates, !
and search area inforwation, and ol providaing systems management major
function state vector and attitude data for purposes of calculatang
communlcation antenna pointing irnformation.

Control kunctironal Elements. 1The control functicunal element shall

be capable of generating outer loop control commands, based on attitude
and quidance steering data, and inner loop control commands, based on
air data and rate sensors. It shall provide the capabalaty of
generating commands for aerosurface control thrust vector control, main
engine throttle control, RCS control and sequencing controls regquired
by the mission.

,Gl&C Perforwance Honitor Functioral Elements. The GNSC perforumdnce

monitor functional element shall provide the capabalaty to periodacally.
monxter the status of GNGC subsystem data other than that used in GNEC
rcomputations. The crew shall be notifaed of out-ol-tolerance conditions.
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4.0 VERIFICATION METHODS

The verification of integrated GN&C 1s accomplished by analysis and
test. Analyses include studies performed in non-real ftime sucy as

point stability six-degree-of-freedom non-real-time trajectory/stab-
ilaty studies and man-in-loop (MIL) real-time studies. Check solu-
tions are generated by Draper Labs. SSFS, Rockwell real and non-real-—
time simunlation activities and are used as a data base for'comparison

of test results from the major test Ffacailaties FSL, SDL, SAIL) and
vehicle level testing. Figure 4.0-1 presents a functional flow of the
verification process starting with the basic flight software require-
ments and hardware models and concluding with integrated system check-
out at the vehicle level. As indicated, the primary facilities for ver-—
ifaication of OFT 1s the FSL and SAIL supported by the varicus man—in-loop
simulations and offline analyses. In general, the SAIL facilaty will
support the ascent and on-orbit flight phases and the FSL will support
the descent flight phase of OFT.

Software 1s government—furnlghed equipment (GFE) and as such will be
verified by a configuration anspection (CI) demonstration that the
software as coded meets the requirements specafied.

4.1 Verafication by Analyses

The performance of ascent integrated GN&C system 1s verified by digi-
tal simulation as described below,

4.1.1 Digatal Simulation

The digital simulations verify open and closed loop pexformance of
ascent integrated GN&C with six-degrees-of-freedom math models of the
vehicle dynamics and appropriate math models of the GN&C software,
sensors, earth's gravitational and atmospheric environment, and effec—
tors. These simulations establish sensitivity of the system pexfor-
mance to the natural environment and system design parameters. Rock-
well and JSC will utilize 6 DOF trajectory performance studies that
functionally models the ascent integrated GN&C soffware. Man-in-the-
loop real time simula tion conducted on the SPS are part of the ver-
ification by analysais.

SLS (statement level simulator) is a Draper Laboratory &-DOF simula—
tor that programs the GN&C requirements in HAL and the environment
in MAC. By using the HAL language, the requirements are modeled to
the statement level rather than just functionally. This simulation
tool 1s used to verify the ascent integrated GN&C software require-—
ments and to generate check solutions for laboratory tests.

31
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4.2 Software Specific Testing

The software specific testing consists of two parallel and essentially
independent test efforts, as shown in Figure 4.2-1. There is require-
ments testing, which are tests done on ¢ther than the flight software
via P&I tests and SLS end-to-end tests. The other 1is implementation
testing via the IBM test program, and the SAIL and the flight test
programs, These efforts derive from the same requirements (CPDS)

and evolve toward the same goal, avionics GN&C software verafication.
The horazontal lines represent the interrelationship of these 1lwo
methods.

The basic software test accountability 1s the IBM test program. That
verification activaty, VIS and VIP, must reflect sufficient tesiing

to veraify that the IBM implementation of the flight code satisfies the
requirements of the CPDS, However, SAIL must perform additional tests
on Guidance and integrated GN&C some of which may be common with the
VTS, whach are necessary to validate the avionics system operation.
Software specific testing by SAIL will be limited to these necessary
tests and consist of a limited "audat" of the IBM code to allow system
validation.

Although software verification azn SDL is not specifically antegrated
GN&C wveraification, this plan defines test objectives and requirements
which should be adopted by IBM in the VIS and VIP for integrated
software verafication,

The SAIL software specific testing approach, in summary, 1s primarily
cne of top down with selective lower-level tests to troubleshoot
problems. That 1s, the software will be tested primarily as a com—
plete LRU and not dissected into 1ts component parts unless problems
warrant such an investigation. The objective of the majority of the te
testing will be to duplicate similaxr tests, such as the common facilaty
tests, azn the SDL,

4.3 Verification by Simulation/Test

In general, verification by simulation/test is the method by which
the GN&C hardware and software is integrated in test facilities to
demonstrate overall compliance with the system design requirements.
Specifically, the purpose is to demonstrate by open~—and closed-loop
tests that the GN&C system (when integrated with man/machine/environ-
ment) will perform satisfactorily and accomplish all of the flight
test requirements (FIR's) for OFT. Tests will begin with functional
path, step response, and frequency response checks to assure properx
codang of software, and demonstrate satisfactory integration of
hardware/software. Next, common facility tests will be conducted

at each major faclility to assure compatibility of results. Finally
closed-loop {real time six-degree-of-freedom)} tests with man-in-Iloep
will be conducted to assess the basix OFT trajectories, effects of aero-
dynamic tolerances, effects of winds/gusts effects of sensor errors/
draift, and effects of failure.



4.4 Common Facility Tests

‘l& Rockwell International

Space Dvision

Four Common Facility Tests (CDT's) are planned for SATII. These tests are
to be szmlar to the CDT's to be conducted at both the IBM SDL and the
MPAD SVDS facilities. A summary of the planned tests 1s given below:

(2)

(b)

()

(@)

Test #5-33: nominal ascent trajectory initialized 20
seconds prior to liftoff and terminated subsequent to
the fairst OMS burn

Test #5-34: earliest AOA with -3 sigma thrust on all SSME,
3 sigma SRM tailoff, fail SSME #2 in MM 103 at mode boundary.
select RAOA, terminate at the MM 104 OMS burn

Test #5-35: nominal ascent, introduce bias in pitch RGA
at ET separation, manual ET separation, ET separation delay
of 3 minutes, cross range state update during MM 104,
Navigation uplink in MM 104, OMS-1 burn TiG delay (2
minutes), terminate run at end of OMS-1 burn

Test #5-36 nominal ascent, maximum design SRB thrust
mismatch, 95 percentile design corosswind/shear/gust,
terminate run at end of OMS-1l burn.

Check solutions for the above CFT's will be generated under Track Task

by CSDL.

. Be3A



LEVELS OF TESTING

e — REQUA REMENTS TESTING

»iq

CPDS
LEVEL A & B

v

\ 2

LEVEL C FSSR

RQTS ¥

SECTIONS 1-4 IDENTICAL

;___.J

L'_'l

CopE (¢smp)

ROk £peFi -

porrmod

SSFS CODE
(FORTRAN)

SLS/ 1P CODE
{HAL)

-

{

SLS/SSFS
coMp

h

Ptl

LEVEL € CPOS

!

IMPLEMENTAT ION TESTING ——=—0

FLT TAPE

¥

VERIF

“AUDIT
&
VALID

— g

FIGURE 4.2-1

b 4

TESTS

~ 4

——— ok

Commen FACILTY TesT

8

— e e e o e e — — ———— " —_— ot e S s | ———

-y ——

GN&C SOFTWARE TESTS

- '3
SDL —
i
-------- —-l  SAIL 4-J--- o
S8
. 55
. OFT -1 ':UE*E;
VEHICLE

RELATIONSHIPS AMONG ASCENT INTEGRATED

Y

uoisinig aoedg

[BUOLBUIDIU] J[BMYO0H



‘ Q Rockwell International

Space Division

4.4 Common Facilaity Tests

Four Common Facility Tests (CDT's) are planned for SAIL. These tests
are to be similar to the CDT's to be conducted at both the IBM SDL
and the MPAD SVDS facalities. A summary of the planned tests 1s
given below:

(a) Test #5-33: nominal ascent trajectory initialized 20
seconds prior to liftoff and terminated subsequent to
the fairst OMS burn

(b) Test #S-34: earliest AQA with -3 sigma thrust on all
SSME, 3 sigma SRM tailoff, fail SSME #2 in MM 103 at mode
boundary, select AOA, terminate at the MM 104 COMS burn

(c) Test #S-35: nominal ascent, introduce bias an pitch RGA
at ET separation, manual ET separation, ET separation
delay of 3 minutes, cross range siate update during MM 104,
Navigation uplink in MM 104, OMS-1 burn TIG delay (2
minutes), terminate run at end of OMS-1 burn

(d) Test #S-36: nominal ascent, maximum design SRB thrust
mismatch, 95 percentile design crosswind/shear/gust,
. terminate run at end of OMS5-1 burn.
Check solutions for the above CFT's will be generated under Track
Task by CSDL.
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ASCENT GN&C VERIFICATION REQUIREMENTS

In deriving the verification requirements for the Ascent Guadance

and the Ascent Integrated GN&C, a1t 1s assumed that the line replac-—
eable unats {(LRU's) have been thoroughly tested to their own speci-
fication. Furthermore, 1t 1s assumed that each subsystem has also
been tested to 1ts own requirements. The Avionics subsystemn so test-

ed include:

i.
2.
3.
4.
5.
6.
7.
8.
9.

Flaight Control

Navigation

Communicaticons and Tracking

Displays and Controls

Software

Blectrical Power Distributicn and Control
Instrumentation

Data Processing

Performance Monitoring/System Management

5.1 Ascent GN&C Verification Requirement Matrices

The ascent Guidance and Integrated GN&C will be verified by
analysis ancluding MIL simulation and tests in SAIL, vehicle
checkout and flight tests. An analysis/test matrix 1s sum-
marized 1n Table 5.1-1 whach presents the verification objec-
tive, method of verification and responsible organlzatlon/

facility.
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TARLE 5.1-1  ASCENT GUIDANCE AND INTEGRATED GN&C VERIFICATION
ANALYSIS/TEST MATRIX

DESIGN REQUIREMENTS

TITLE OBJECTIVE METHOD AND
IDENTIFICATION NUMBER RESPONSIBILITY
TBS TBS TBS TBS
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6.0 VERIFICATION TEST REQUIREMENTS

This section presents the Ascent Guidance Interface, Attatude
Processor Interface, Integrated GN&C and GN&C OPS Transition
verification test requirements. The Pass/Fail criteria for SAIL
tests are also presented. The Ascent GN&C software is veraified
as an LRU by IBM (SDL). Level 7 SDL test requirements are pre—
sented here for reference information only.

6.1 GN&C SOFIWARE LEVEL 7 TEST REQUIREMENTS

Table 6.1-1 1s an excerpt from the IBM test specification document
for Level 7 tests to support Configuration Inspection (CI). These
tests have been reviewed by Rockwell and are included for informa-
tion onlyv. It is noted that the Level 7 tests reflect a selected
set from their Level 6 verafication test program.
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w
CASE PILIT FIRST SEPARATION SECOND ET COAST OMS~1 . COAST OMS-2 COoAST
IDERTIFIER ObF GIAE STAGE sre
{101) {102} {102) {103) (103) (104) (104) {104/105) {10%) + (105/7106)
AlM-1 ’ \ Ternination
! OFS2, MM 201
AGD=1 » 95% e Fall SSME #3 e Fail Two Terminetion
(rosawind/ hlter Earlieat{ RCS Pitch
N/A N/A
Shear/Gust ATO Jets
e Select ATO - -
AGD-2 & -3g Thrust : ® 3¢ SRM » Fall SSME #2 Termination
A1l SEME . Tailoff At Mode * | ora3, MM 301 N/A N/A
" Boundary
e Select AOA - ,
AGD-3 e Measured ® Select AOA ® Fail Left OMS[Termination
Mrosawind EﬂEinE At TGH OPSS, MM 301
e Fuil ORB - N/A H/A
AFU 42 1
haring ¢
Throttling . :
AGD-4 e + Vehicle ¢ Hot ,
Weight Atmosphere
(20000 LR) |e +3c¢ Aero e +3¢ Aero & State Termination N/A N/A
Update
' o NAV
Uplink .
o MECO .
Overspeed
AGD-5 o EIU/SSME #2 I Termination
\ N/A
N/a w/A WA Fail /A !
¢ Selec. ATO
AGD-6 e Fail SSME #1 Termination
, After
N/A N/A R/A Poaition N/A "/A
Congtraint
Relegse
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TARLE 6.1~-1 ASCENT PERFORMANCE TEST MATRIX
(Continued)
CﬁSE PRELIFT }IRST SEPARATION SECOND FT COAST aMs-1 COAST oMs-2 COAST
IDENTIFIER OrF STAGE ! STAGE SEP ,
{101) {102) (102) {103) (103) (10k) o) (108/105) {10%) {105/106)
AGD-T e Fall BBME #3 \ Termination
N/A N/A N/ After Fine . \ N/A R/A
Countdown
&
AGD-B e +35 Thrust |e 95% o State e Fail Termination -
Al) SEME Crosswind/ Update Right OMS
Shear/Guat e NAV {Eerly In
Uplink Burn)
* o MECO /A N/A
Under- *
speed
i * : oY=
W AGD-9 e Bias ORB }e Stale s OMS TIC - K =
! Pitch ROA} Update Delay =
" ® Manual {Cross- {2 MIN) g P Termination
N/A N/A N/A N/A ET SEP range) S E
e UT SEP - |e NAV { 3] g
Delny Iplink ' o
{3 M) : = E
AGD-10) ' ¢ Select ﬁ 2! Termination
N/A /A N/A N/A N/A N/A N/A Right oMs | =3 &
9 Select ATO E,»;:
ASN-1 ® 30 Mis- « ORB RGA @ ORB RGA o Fail IMU #1 {e NAV Uplink )
alignment Hard-Over Hard-Over #2, « IMU
MU 42 #1 ~ Pitch #3 (ALl Axes) Desalect
» AA Binses #2 ~ law
#1 - None |e AA Hard- Termination /A N/A
#2 = 3a Over )
#3 -~ 1o #2 ~ All -
#b - 24 Axes
#h -~ Lateral
Axis
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TABLE 6,1-1 ASCENT PERFORMANCE TEST MATRIX
‘ (Continued)
CASE PRELIFT FIRST SEPARATION SFCOND ET COAST 0MS-1 COAST OMs-2 COAST
INENTIFIFR OFF STAGE STAGE SEP - "
(1) {102) {102} (103} (103) {104) {1011} (104/105) (105) (105/106)
AFC-] ¢ Max Design \ Termination
Performance
~ Differential N/A N/A
SRM 4
v 95% .
Crosswind/
Shear/Guat
M0-2 e -3 WFR SHM | ® Faill SRE CPP » Right OMS Termination
{Both} {High) Pitch Actua-
* 95% e SRB SEP tor Hard- N/A N/A
Headwind/ CUE-Timer , Over ,
Shear/Gust
AFC-3 e +3¢ WEB SRM ORB AFU #2 Termination \
{Bath) Failed Prior * .
s 93 3¢ Thiottle :
Tajlwind/ GRB APU #) . N/A H/A
Shear/Gust Failed During
3g Throttle
Manual Shut-
down SEME #2
AFC-Y e Measured ® Dovnmoded +30 Aero s Select e PEG T Termination .
Wind Gains FCE Gain External
e +3gp Aero Downmode ~ 10 Delta .
e I Gain SF(' Prior Ta Velocity
Downmode - Abort Guidance . N/A N/A
(1)1Lo0 - Boundary - (pEG T)
L0 + MECO !
10 SEC
{2) L.0 + 60
SEC-LQ
+ 70 SEC
(3) Prior WEB
To SEP + 2 4
SEC
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TABLE 6.1-1

ASCENT PERFORMANCE TEST MATRIX

(Continued)
CASE PRELIFT FIRST , SEPARATION SECOND ET COAST OMBE-1 COAST QMs-2 COAST
TDENTIFIER OFF WTAGE BTAGE SEP
(101) {100} {102 (103) (104) {10k} {104) (10h/105) (10%) (105/106)
AFC-5 Open-laop ¢ Manual RHC & Manuval RHC v # Manual RHC Temihation
Simuletion Commands Commendy Commanda N/A K/A
{Reference
Trajectory) '
AFC-6 e Monual @ Manuel Termlnation
! ET SEP Steering
N/A N/A N/A N/A e Manual Vith Moding N/A N/A
~Z Mnvr To AUTO .
' (e .
: Commands )
/
AFC-7 A Fail Left | Termination
N/A N/A N/A H/A R/A N/A K/A R/A oMS At
TG0 50 BEC
AkC-0 5 Fall laft | Termination
v ' s oM3
Fail Right
oMS
N +) RCS
N/A N/A N/A N/A N/A N/A N/ B/A J:tg (THE)
Ramp In
. " RHC
Commands
. Bhutdown
+X RCS
AFC~0 o Measured o Phase To
Wind M 601 -
» +3g Aero N/A N/A NA N/A N/A N/A N/A
e Fail SSME A1 Termination / / / /
{Pitch/Roll
Mnvr}
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TABLE 6.1-1 ASCENT PERFORMANCE TEST MATRIX
{Continued)
CASF PRELIFT FIRST SEPARATION SECOND ET COAST oMs~1 COAST ois-2 COAST
IDENTIFIER OFF STAGE STAGE SEP n
{(101) (102) {102) {103} {103) (10%) {104) (104/105) (105) {105/106)
A ‘ ;
APC-10 . 05% # Phase To . \
Crosswind/ | MM 601 N/A N/A N/A N N/A /A N/A
Shear/Gust | Termination / /A
e Fail SSME .
#3 {(Max @ .
Region)
T are-11 - o Fafl S5ME | e 30 SRM e Phase To .
< #2 After Tailoff Un- MM 6OL N/A N/A N/A N/A N/A N/A
WEB Time certainty Fermination
ATI-1 FRF ILOADs . r
100% Thrust N/A N/A N/A N/A N/A N/A N/A N/A N/A
All SSME
ASQ-2 Launch liold i Termination
At ML .
Ytart .
¢ Countdown
Recycle V! N/A K/A
* OMTLO
Update
e NAV Linte
Uplink .
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6.2 Guidance Interface Verification Testing

These tests are included in the verification test plamming to assure
that guidance commands to the SSME'!'s, OMS and RCS engines and D&C
panel lights cause the desired response by the hardware; and that
hardware generated stimuli (engine and gambal status flags, manual

throttling anputs, etc) reach the guidance SW.

The tests described here are intended to complement the internal
guidance SW verafication testing by IBM in the SDL, and the inte-

grated GN&C SW testing in the SAIL,

Each test waill require generation of a SW or HW signal, and ver-
ification that the appropriate HW or SW response occurs, Table
6.2-3 lists the required tests of SW to HW interface signals, and
table 6.2-2 lasts the HW to SW intenface signal tests. These
tests may be performed independently or be incorporated into the

integrated GN&C vexrification test schedule.
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TABLE 6.2-1

GUIDANCE SOFTWARE TC HARDWAR. »IGNAL VERIFICATION TESTS

SOURCE SW SIGNAL GENERATE TEST OBJECTIVE:
PRINCIPAL DESCRIPTION SIGNAL BY
FUNCTION(s) (HAL NAME) VERIFY THAT

28-9

A5 18TG GUID
AS 28TG GUID
PW RILS GUID

SBTC S0P

A5 25TG GUID

SBTC SOF

AS MNVR DIP

ORB INS GUID

SSME THROTTLE
Command (K_CMD)

S5ME Throttle
Command (K_CMD)

MECO time set discrete
(S_TMECO) and MECO
time (T_MECQO)

SBTC auto/manual discretes
(LH/RM_SBDBK_AUTO(2),
RH_SPDBK_MANUAL

OMS burn enable flag
(BURN_ENABLE) and
propulsion system indi-
cator flag (PROP_FLAG OFS)

OMS cutoff alert discrete
(5_OMSCO) and desired
cutoff time (T_CUTOFF)

GUID SW execution
during lst stage or g
limating RTLS flyback.

PLT manual throttle
To (af man. throt.
1s implenented).

GUID SW execution in
MML03 or 601 FCD
auto FCS,

PLT man. throt TO,
Man-auto throttle match

Either (RH, LH) glareshield

SBTC PBI pushed.

Execute PF's 4.3 & 4.210.
Push KYBD EXEC button
on flashang EXEC display

Execute P,F. 4.3
during OMS burn

Throttle cmd, s
received by each
SSME 1n mainstage

Throttle emd. 21s
received by each
SSME in mainstage

Shutdown cmd. 1s
sent to each SSME
within * 40 ms of
T_MECO.

Glareshield SBTIC PBI
lights correctly aindacate
throttle control mode;

ILH & RH auto lights off
RH MAN light on

LH & RH auto lights on,
RH MAN light off.

Engine ignition cmds
are received; both OMS
1f PROP_FLAG OPS 1,

L OMS 1f P_F_027,

R OMS 1f P_)=3,

4 + X RCS 1f P_F_0=4.

Y

&

OMS cutoff occurs %9 o 4
within 40 ms. of T_CUTOFF & 8
o =
g
i o
)
-
e
®
-
3
0
=

Q
o )
®



TABLE 6.2-2  HARDWARE TO GUIDANCE SOFIWARE SIGNAL VERIFICATION TESTS

SOURCE HW TO SW SIGNAL GENERATE GUIDANCE DESTINATION

PRINCIPAL DESCRIPTION SIGNAL BY INPUT PRINCIPAL

SIGNAL FUNCTIONS
SSME--1 Engine status wozxd Simulated S_EO-El AS 18TG GUID
SSME-2 indicating SSME ME failure S_EO_E2 A5 257G GUID
SSME-3 failure S_EO E3 PW RILS GUID
LH/RH SBIC Return to auto Push either $_MAN_THROT AS 1STG GUID
AUTO/MAN PBI(2) throttle cmd. SBTC PRI AS 2STG GUID
PW RTLS GUID
RH SBTC to FB Man. throttle to Push R#" to PB S_MAN_THROT AS 181G GUID
AS 28TG GUID
RH SBTC Controller Controller position Move SBTC K_CMD PW RTLS GUID
controller AS 1STG GUID
AS 25TG GUID
Abort SEL SW Abort mode selected Rotate SEL SW S_AOA PW RTLS GUID
Aboxrt SEL PB Initiate abort to AOCA or ATO 5_ATO AOA/ATO TGT
Push abort SEL FPB ORB INS GUID

AS MNVR DIP

uoIsiAIg 9oedg
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6.3 Attaitude Processor Interface Testing

The basic intent of this test i1s to verify the dynamic operation

of the attitude processor when 1t 1s interfaced with a single string
hardware IMU and RGA., A tilt table would be used to simulate various
attitude angles and inputs such as ramps and/or sinusoids would be
utilized to check the dynamic aspects of the processor. These tests
would veraify the attitude processor operation with a combination of
low frequency sampled data (1.04 hz) from the IMU and high frequency
sampled data (25 hz) from the RGA. The test set-up is shown in Fig-
ure 6.3-1.

BODY ANGULAR
RATE (DEG/SE(C

VIA (25 HZ)
ORB—RG-SOP
GUIDANCE =
P‘;gggggﬁ | cowrroL ADT ADT
INTERFACE P OCESSOR (DISPLAYS: )
IMU GIMBAL
ANGLES
IMU SOP
1.04 HZ

FIGURE 6.3-1
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6.4 INTEGRATED SYSTEM TESTING
6.4.1 Saite/System Acceptance

A formal acceptance of both the facilaty and the integrated GN&C
system 1s performed prior to the start of verafication tests. Fac-
1lity acceptance tests are structured to demonstrate that various ele-
ments of simulation hardware and software plus elements of flight
hardware and software perform in accordance with off-line solutions
within a given acceptability bandwidth. Acceptance of system level
performance 1s accomplished via closed loop trajectories with results
checked agaanst common facility tests generated by CSDL. A recom-
mended set of acceptance testing across all facilities to be used in
the verification process i1s given in Table 6.4-1. At the SAIL
facility, a Test Start Approval form must be signed by participating
NASA, Rockwell/Houston, and Rockwell/Downey personnel.

The SATL sate acceptance tests outlined in Table 6.4-2 are structured
to verify those elements of the facility and system not previocusly
demonstrated either on the ALT program or in the buildup and develop-
ment phase of OFT. Each site acceptance test must either pass the
acceptance criteria or be waivered and indicated as such as on the
Test Start Approval form.

6.4.1.2 IMU/Navigation Tests

The initial test 1s designed to verafy that hardware IMU's and corres-—
ponding system software will perferm a hangar A calibration and gyvro-—
compass alignment within specified criteraia., Because of the problems
assoclated with reading the platform alignment directly (resolver and
nav base readout errors), the azimuth and tilt errors will be de-
rived indirectly =Ffrom the amplitude of the Schuler period. Thas
wlll require moding to MM 603 and performing benchmark navigation fox
a time period of 84 minutes. Fox this test, stabilization of the
vertical axis 1s required. This is accomplished by accepting baro
updates in the navigation system. Acceptance criteria for test test
1s 180 arc seconds in both azimuth and tilt. As shown in Figure
6.4.1-3, this equates to approximately 36,000 feet of drift in the
lateral and longitudinal axes. A second IMU/navigation test will be
similax to the above. This test will require software models of 3
IMU's and 4 GPC's. Benchmark navigation 1is accomplished in MM 603,
With S/W IMU models the navigation base can be determined precisely,
consequently, azimuth and tilt errors are to be determined with off-
line calculations. For this case, no navigation updates are to be
performed. Vertical draft will be related to g error as shown in
Figure 6.4.1-4. Acceptance criteria for this test 1s 30 arc seconds
in azimuth and tilt and 50 micro g's 1in sensed acceleration.

6-11
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TABLE &6.4.1-1 SITE/FACILITY

ACCEPTANCE TESTS

- ASCENT

FACTLITY
TASK DESCRIPTION FSL SATL SMS SLS SPS SDL
Actuator Frequency Response (No Load) X X X
(SRB, SSME, Elevator)
Navigation Draft X X X X
Propulsion System Characteristics X X X
(RCS, SSME, SRB, OMS)
Open Loop Frequency Response X X X
o ORB & SRB & Tank (SRB & SSME Thrusting)
© ORB & Tank (SSME Thrusting)
Closed Loop Step Response X X X X
Closed Loop Gain Margin X X X
Open Loop Step Response X X X X
Closed Loop Freq Response (OMS) X X X
(Transition DAP)
Attitude Control Phase Plane (RCS) X X X X
(Transition DAP)
Common Facilaity Test (Auto) X X X X X

{Nominal, Low and High Enexrgy)

[eUOLBLIBIL| [[PM00Y QTp
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TABLE 6.4~2. SATL SITE ACCEPTANCE TESTS ~ ASCENT

TEST
NO. FLIGHT PHASE TEST DESCRIPTION COMMENTS
5-1 Pre~Launch MU Hangar "A" Cal/Gyrocompass & Align 2 or 3 H/W IMU's & 4 GPC's
5-2 Pre-Launch Gyrocompass & Align + Benchmark Nav w/o Nav Updates S/W IMU's and 4 GPC's
5-3 1st Stage Open Loop Frequency Response at Max q (Pitch) Tested at 8 frequencies & 1 or
(P1tch) Amplitudes/Freq.
S—4 2nd Stage Open Loop Frequency Response at Max g Tested at 8 frequencies & 1 or
_ Amplitudes/Freq.
8-5 1st Stage Open Loop Frequency Response at Max g (Roll) Tested at 8 frequencires & 1 or
Amplitudes/Freq.
S-6 2nd Stage Open Loop Frequency Response at Max g (Roll) Tested at 8 frequencies & 1 or
' _ Amplitudes/Freq.
s=7 ist Stage Open Loop Frequency Response at Max q (Yaw) Tested at 8 frequencies & 1 or
Amplitudes/Freq.
5-8 2nd Stage Open Loop Frequency Response at Max g (Yaw) Tested at 8 frequencles & 1 or
_ Amplitudes/Freq.
5-9 lst Stage C/L Transient Response at Max q (Pitch) Latch Lat/Directional Axes
§-10 1st Stage C/L Gain Margin at Max ¢ (Pitch) Latch Lat/Directional Axes
5-11 2nd Stage C/1. Transient Responge at Max g (Pitch) Iatch Lat/Directional Axes
8=12 2nd Stage C/L Gain Margin at Max g (Pitch) Latch Lat/Directional Axes
§-13 1l1st Stage C/L Transient Response at Max q (Roll) Latch Pitch Axis
8~14 lst Stage ¢/L Gain Margin at Max § (Roll) Latch Pitch Axis
S-15 2nd Stage C/L Transient Response at Max g (Roll) Latch Pitch Axis
S-16 2nd Stage C/L Gain Margan at Max g (Roll) Latch Pitch Axis
§-17 1lst Stage C/L Transient Response at Max @ (Yaw) Latch Pitch Axis
§-18 1st Stage C/L Gain Margin at Max q (Yaw) Latch Pitch Axis
8~19 2nd Stage C/L Transient Response at Max g (Yaw) Latch Pitch Axis
S~20  2nd Stage C/L Gain Margin at Max g (Yaw) Latch Pitch Axis
g§-21 N/A SRB Engine Ignition & Shutdowm Measure T, I W W, and Mass
Property Changes Vs, t
522 N/A SSME Engine Ignition & Shutdown Measure T, T W, W, and Mass

Property Changes vs, t

uoising aoedg

[eUOLEUIBY [[OAMNO0Y %Tg



¥I-9

TABLE 6.4~2, SAIL SITE ACCEPTANCE TESTS ~ ASCENT (Contznued)

TEST

NO. FLIGHT PHASE TEST DESCRIPTION COMMENTS

S-23 N/A RCS Jet Thrust Buildup & Decay Characteristics Measure T, Isp’ ﬁ, and W Vs, Time

S5-24 N/A OMS Actuator Step/Ramp Response Data (TBS)

§-25 Transition DAP C/L Transrent Respomse (Pitch) OMS Engine On, 1.C. Att Cmd

§-26  Transition DAP C/1 Gain Margin (Pitch) OMS Engine On, Rate I.C., S/W "I" Load
Gain Change

§-27 Transition DAP G/L Transient Response (Yaw) OMS Engine On, I.C. Att Cmd

8§~-28 Transition DAP C/L Gain Margin (Yaw) OMS Engine On, Rate I.C., S.W."I" Load
Gain Change

5-29 Transition DAP Attitude Control Phase Plane (Pitch) RCE Control (no OMS)~I.C.With 20 deg Att
Error

S-30 Transition DAP Attitude Control Phase Plane (Reoll) RCS Control (no OMS)-X,.C. with 20 deg Att
Error

8-31 Transition DAP Attitude Control Phase Plane (Yaw) RCS Control (no OMS)-I.C. with 20 deg Att
Error

5-32 N/A Bring Up BFS GPC, Load, Dump Confirm Shutdown Has No Effect on Praimary

5-33 N/A Demonstrate capability to Load BFS Half GPC #5 & Load BFS in GPC #4

in Alternate GPC

S-34 Nom Ascent Run Common Facility Test Case #1 Case (TBS)

$-35 Nom Ascent Run Common Facility Test Case #2 Case (TBS)

§~36 Nom Ascent Run Common Facility Test Case #3 Case {(TBS)

§-37 Nom Ascent Run Common Facility Test Case #4 Case (TBS)

uoisg adeds
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6.4.,1.3 Propulsion System Characteristacs

Prior to starting verification tests, the thrust buildup and decay
characteristics for the SRB, SSME, OMS, and RCS jets will be demon-
strated. In addition, propellant flow rate, engine specific impulse,
and mass property changes are to be compared with theoretical values.

6.4.1.4 Open Loop Frequency Response

In this test the loop 1s broken at the input to the MMES. A BAFCO
unit provides sine wave inputs into the ATIVC electronics at selected
frequencies and amplitudes. The return signal to the BAFCO shall be

a single SSME DAP output. Attenuation and phase lag are computed

and displayed on the BAFCO. The xesults are compared to theoretical
solutions generated off-line. A functional diagram for the open loop
frequency response test set-up 1s shown 1n appendix A along with input
frequencies and amplitudes with acceptance criteria.

6.4.1.5 Closed Loop Gain Margin Tests

This test will require a software "I Load" change. The DAP forward
loop gain will be adjusted until neutral vehicle stability 1s obsex-
ved. The 1ncrease i1n gain will be compared with the theoretical gain
margin. The pitch axis 1s to be latched when assessing the lateral/
direction characteristics and vice versa.

6.4.1.6 Closed Loop Transient Response

Off-line results of transient response characteristics to attitude com—
mands wi.ll be provided for one flight condition for both lst and 2nd
stage ascent. Each plot will specify acceptance criteria. The test
set—up will requare freezing the environment at a constant dynamic
pressure and Mach number as well as latching the guiescent axis.
Transient responses in roll, pitch, and yaw are required for each
flaght condition.

6--15
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6.4.2 System Performance and Compatibility

The SAIL complex aincludes two test facilities to be used in the veri-
fication of the ascent flight phase. These are (1) the Shuttle Test
Station (3TS), and (2) the GN& Test Station (GTS). This report will

not specify the particular facilaity to be employed for a given test.
Prior to the start of verifacation testing, total system performance will
be demonstrated. This demomnstration will include site acceptance tests,
data acquisition, and on-line/off-line data processing.

6.4.2.1 Test Scope

In general, the ascent flight phase will begin approximately 20 seconds
prior to liftoff and will terminate subsegquent tc either the farst or
second OMS burn depending on the intent of a given test. Parameters

to be varied include wehicle environment, aerodynamic characteraistics,
sensor tolerances, and subsystem malfunctions. Test categories will
include nominal ascent, AOA/ATO/and RTLS aborts, and contingency aborts.
For the RTLS abort trajectories the test will include approximately 30
seconds of orbiter only glide; this will reguire implementation of OQOrbiter
alone aerodynamic properties for one Mach number only. BAlso, for the
RTLS zbort tests, proximity aerodynamics for ET separation are included.
SRR proximity effects are to be included in all test cases. ET and SRR
proximity data 1s to be mechanized as time functions of the six basic
force and moment coefficients,

6-18



@l Rockwell International

Space Dvision

6.4.2-2 Detailed Test Descraption

As shown 1n Pigure6.4.2-1 the verification tests at SATI. are categorized
into (1) nominal mission, (2) AOA/ATO/RTLS zborts, (3) subsystem malfunctions,
(4) contingency aborts, and (5) backup flaght system. The separation
reference relates to SRB and ET test requirements outlined in Table 6.4.2-2
and 6.4.2-3 while Tahle 6.4.2-1 lasts the wind data.

0.4.2.53 Nominal Mission

Nominal mission evaluation includes non-failure praimary GN&C trajectories
flown in eather automatic or manual guidance modes. The tests are designed
to assess the impact of parameter variations on the nominal OFT-1 design
ascent trajectory. The parameter variations include standard/hot/cold
atmosphere, winds/qusts/shear, IMU aligmment and drift errors, aero
variations/tolerances, and SRB thrust mismatch.

1

6.4.2.4  AOA/ATO/RTLS Aborts

The abort mode tests shown in the test matrix reflect a very limited
assessment of AQA, ATO, and RTLS aborts, It is anticipated that the IEM
Level 6 testing will exercise the remaining software functiocnal paths.

As in all tests, should results indicate potential problem areas, the abort
boundaries will be further investigated. Test cases for 3 engine RTLS
aborts include 3 sigma IMU errors, aerodynamlc variations, and combined
system errors, One test case is planned for an engine out RTLS abort. The
AOR and ATC aborts are to be flown in both 2 engine and 3 engine SSME
configurations.

6.4.2.5 Subsystem Malfunctions

The basic intent of the subsystem malfunction tests 1s to perform a limited
audit of the redundancy management subsvstem, the impact of electrical
power system failures on the GN&C system, and the effect of hydraulic-
fallures on vehicle performance., It 1s not anticipated that £light control
gensor failures will not introduce significant transients. The RM 1s such
that subseguent to a single FCS LRU failure, the fourth LRU as brought

on line. Subsequent to the second failure, the remaining FCS LRU's

are averaged. It is therefore conceivable that all FCS sensor malfunctions
could be accomplished in a single run,

6.4.2.96 Contingency Aborts

Although the capability to perform a contingency abort 1s not an integrated
system design requirement, the test cases in Figure 10.3-1 were included to
exercise current software paths, Should the S/W be modified to exclude these
functional paths, the indicated contingency abort conditions are to be deleted
from the test schedule. It will not be necessary to generate initial con-

ditions for the Flight Simulation Lab (FSL) from the SAIL end conditions for
the indicated tests.
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6.4.2.7 Backup Flight System

The BFS test cases shown in the test matrix reflect test requirements
to be specified undexr separate cover in the BFS verification plamn.
Note that a unique set of SRB and ET separation requirements exast
for those cases where BFS 1s selected prior to or during a separa-—
tion event. Of partacular interest 1s the reinitialization of the
separation sequence for SRB and ET separation should the BFS be
selected during primary SRB or ET separation.

6.4.2.8 SAJL Run Descriaiption Sheet

Appendix B will contain a SAIL Run Description Sheet on each test in
Figure 6.4,2-1, An example 1s shown in Figure 6.4.2-2,
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! T
s SRB-1/ET-1 Auto E~11 $T0 T-12 SEC/OMS. 1 + 20 SEC NOMINAL OFT-1 - WORST CASE AERO VARIATIONS
:
y _1 - I SENSED g. DRIFT)
= E-8 STD T-12 SEC/0MS 1 + 20 SEC NOMINAL OFT-1 - 3 SIGMA IMU (AZIMUTH, TILT, ge
? SRE-1/ET-1 Auto AUTO STATE VECTOR UPDATE PRIOR TO OMS 1] BURN
10 SRB-1/ET-1 Auto E~1 ST T-12 SEC/OMS 1 + 20 8EC NOMINAL OFT-1 - 3 SIGMA SRE THRUST MISMATCH
SEC NOMINAL OFT-l — COMBINED SYSTEM ERRORS j_ AUTO STATE VECTOR
11 SRE-1/BT-1 Auto E-12 STD T-12 SBC/OMS 1 + 20 UPDATE PRIOR TO OMS 1 BURN
- ; ;
MODE.
T-12 SEC/MECO + 10 SBC CREW SELBECT ABORT-TO=ORBIT ON GROUND COMMAND-SWITCH TO CSS
Olz SRE=1/ET-NA Auto/ ?gz STD AT ERE SEP -3 0~ MISMATCH - FAIL SSME #3 AT t + 218 SEC
[ § €ss 1 ]
AECO CREW SELECT ARORT-ONCE-AROUND ON GROUND COMMAND - SWITCH TO €SS
13 SRE-L/ET-NA 2;;0/ ";‘;f s 51D T-12 SECG + 10 SEC NODE AT APFROX MAX DYNAMIC FPRESSURE - TRANSITION TO OPS 301
613

G=21 ,

FIGURE 6.4.2-1 o



FOLDOUT FRAME

: " T P
. - b .

GN&C ASCENT/ORBIT INSERTION TEST MATRIX (SAIL)

TEST SEAM TEAM RER WINDS ATMOS TEST START/STOP TEST DBSCRIFTION - . FOLLOUT: FRAMA
NO R{PIT'S REF MODE{s) ; ;;’
14 SRE-1/ET~A3 Auto/ BE.10 STD T-12 SEC/ET SEP + 30 SEC Crew Select RTLS ABORT ON JGROUND cm-mmn-swrrcu f - SR S
6=-1-5 S5 - CSS MOUE AT LIFTOFF + 10 SECS :
i .
i it
15 SRE-3/ET-10 Buto/ B2z Hot T-12 SEC/ET SEF + 30 SEC CREW SELECT RILS ABORT ON GROUMD COMMAND-FATL . ;
6-3-4 cas #128 ENGINE #1 AT SRE SEP ~ MAN SHUTDOWN OF ENG #1 i
12.2.2 ) WITH PUSHEBUTTON-SWITCH T0 /CSS MCDE AT ENG SHUT- v .
: TTrtmmmm T Tt o - DOWN ' ;
16 SRB-B/ET-1 Auto/CSS E-2 fiot T-12 SEG/ET SEP + 30 SEC - CREW SELECT ABORT-TC-ORBIT ON GROUND COMMAND ~ ’ g
6mlap #27 MAN SHUTDOWN OF ENG #2 WITH PUSHBUITON AT t = .
12-2-3 - 210 SECS - SWITCH TO CSS MODE AFTER ENG FAIL ~ | 1
. In )
17 SRB-8/ET=Al Auto E-2 Hot T-12 SEC/BI SBP + 30 SEC FAIL ENGINE #1 AT LIFTOFF - ENG 1 SHUTS DOWN . -
6~1-6 #102 WITH LIMIT S/D SWITCH IN AUTO - SELECT RILS '
12-2-6 ABORT ON GROUND COMMAND AT t 230 SECS : .
18 SRB-3/ET~18 Aunto/CSS E-2 Hot T-12 SEC/ET SEP + 30 SEC FAIL ENG #1 AT APPROX MAX DYN PRESSURE - ENG 1 .o :
12-2-7 . #12 SHUTS DOWN WITH LIMIT S/D' SWITCH 1N ENABLE -
SWITCH T0O C5$ MODE = SELECT RILS ABORT ON GROUND
COVMMAND %= SRE STAGING e e
o L N ) .
12 SRB~1 Auto B-8 ' ' BID T-12 SEC/ET SEP + 30 S8C ° SELBCT RTLS ABORT AT SRB SEPARATION - COMBINED o
ET-AB/ET-A5 SYSTEM ERRORS (TBS) - SSME STUCK THROTTLE AT MAX 2
ORIGINAL PAGE IS DYN PRESS = FAIL 2 HILTUM! REGULATORS TN FWD RCS !
; OF POOR QUALITY MODULE
20 SRE-~Y, Anto E-3 STD T-12 SEC/ET SEP + 30 SEQ 3 BIGMA IMU ERRORS (AZIMUTH/TILT/SENSED g) -
ET-AQ R SELECT RTLS ARCRT AT SRE SEP + 10 SBC - #2 SSME
OUT AT SRE SEP / . o
21 SRB-1 Anto E-11 SID T=12 SEC/OMS-1 + 20 SBC FAIL GPC #1 AT STRUCTURAL SEPARATION & SRB PITCH ! P
ET=6 RATE GYRO #2 H/0 AT LIFTOFF + 45 SEC =~ SET + 3¢ :
SIGMA BIAS ON SRE PITCH RATE GYRCG #3 AT START OF Lo
- TEST .
22 SRB-1/ET~1 Auto i E-1 STD 1-12 SEC/MECO +10 SEC FAYL AFT MDM #2 AT L/O + 10 SEC — SRB-'YAW RATE GYRO
#1 H/0 AT MAX DYNAMIC PRESSURE - SRE YAW RATE GYRO .
#3 {3 SIGMA BIAS AT L/0)
23 SRE-1/ET-1 Anto Eal STL T=12 SEC/MECO +10 SEC FAIL AFT MDM #3 AT L/0 — FATL ROLL RATE GYRO #2 -
H/0 AT MAY DYNAMIC PRESSURE ~ SET + 3 ¢ BIAS ON
! N ROLL RATE GYRO NO. 1
T .
24 SRB=7/ET-1 Autbi T E-1 rsm T-12 SEC/MECO + 10 SEC GPC #1 FAIL AT MAX DYN PRESS - GPC #2 FAIL DURING st
! .+, ' SRB SBP SEOUENCE. -
‘ T g P T
25 SRB-1/ET-~7 AUTQ @ Bel STR T=12 SEC/OMS=l 4 1 MIN ' ;rwo PIICH RCS JETS FAILED H/O (ONE AT MECO AND ONE ° o

AT FIRST (MS BURN)

62217

FIGURE 6.4.2-1 |
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m&c‘ascm/omn INSERTION. TEST MATRIX (SATL)

1

'

FOLDOUT T ! : ’ - _EOLDogT “‘AME
g [ E T T i s 2
TEST SEAM TEAM REF WINDS ATMOS TEST START/STOP . oo TEST DESCRIPTION -
NO RQMT'S REF MODE(s) - s . 1
26 SRB-1/ETO07 . Auto ., ' E-l2 SID ' T-12 SEC/OMS-1 + 20 SEG.. " ONE ROLL JET FAILED H/0 & ONE FORWARD =Z .JET
i I H/O AT EXTERNAL TANK SEP RATION
- i “E ] " 1
27 " “$RB-1/ET-1 Auto ' E-12 sID T-12 SEC/OMS-) + 2 MIN FAIL ONE OMS ENGINE AT FIQRSI OMS BURN
- . ) i
28 - 7 - .5RR=-1/ET-1 Anto . EB~l4 sip ORB PITCH RATE GYRO #2 (5 DEG BIAS AT 1L/0) =
i . : . ORB PITCH RATE GYRO #3 H/Q AT MAX DYNAMIC PRESSURE
.- . — ORB PITCH RATE GYRO #4 (3 SIGMa BIAS AT L/0)
20 7 SRB-1/ET-1 Auto ;. B-l1 SID T-12'SEC/MBCO + 10 SEC  +, -ORB VAW RATE GYRO #2 (5 DEG BIAS) AT SRE SEP -
e » t .+, ORB YAW RATE GYRO #3 H/O'AT ET SEP - ORE YAW RATE
- ' T . . “GYRO #1 (3 SIGMA BIAS AT L/0)
. fad . .
30 SRB~20/BET-1 Auto $ ) B2 STD T-12 SEC/OMS-I + 20 SEC ‘FA:L FWD MDM #1 AT L/0 AND ACCEL #2 FAIL H/0 AT
s T : : . _ MAX DYMSMIC PRESSURE ) _
3L . " “5RB-21/8T-1 Auto ; E=2 STD T-12 SEC/OMS-1 + 20 SEC FAIL FWD MDM #1 @ L/0 & Y AMIS ACCEL #2 AT MAX
. o : . : ' | DYNAMIC PRESSURE
Auto T B-2 SID T-12 SEC/OMS-1 + 5 MIN . PAIL FUEL CELL #1 AT LIFIOFF - PERFORM AUTO STATE
i BRI . ! ) ‘ ) "' ¢ VECTOR UPDATE POST MECO
33 : . SRB~1/ET-1 Autgd s E.2 S8TDp ¢ T-12 SEC/G;[:S—l + 5 MIN™ , ' FAIL FUEL CELL #2 AT MAX DYNAMIC PRESSURE — PER-
. 3 f o _ s : (FORM AUTO STATE VECIOR UFDATE POST MECO
S — = y
34 ' 7. SRB-1/ET-8 Auto E=2 ST ' T-12 SEC/OMS-1 +5 MIN } p';gn. FUEL CELL #3 AT SRB SEP - FAIL FWD -Z JET AT
> ", ET SEP ~ AUTO STATE VECTOR UPDATE POST MECO
a5 -7, SRE-1/ET-1 Auto E-1 STD T-12 SEC/OMS-1 + 20 SBC FAIL APY #1 AT LIFTOFF |
36 SRE=19/ET-1 Auto E-1 STD T-12 SEC/OMS-1 + 20 SEC MEC 3} FAIL AT LIFTOFF {VERIFY NOMINAL SEPARATION
- SEQUENCE WITH MEC 2} ‘
N 1
a7 SRB-1,/ET-1 Auto E-1 STD T-12 SEC/0MS~1 + 20 SEC FAIL ESSENTIAL BUS IBC AT SRB SEP
a8 SRE=1/ET~1 Auto E-1 STD T-12 SEC/CuS-1 + 20 SEC FAIL ESSENTIAL EUS 2CA AT SRB SEP
39 -7 SRB-1/ET-1 Auto E-1 STD T-12 SBC/OMS-1 + 20 SEC FAIL ESSENTIAL BUS 3AB AT SRB SEP
a0 " SRE-1/ET-1 Auto E~1 STD T~-12 SEC/OMS-1 + 20 SEC FAIL BUS AB1 AT LIFIOFF
. 4-10-1 X
41 SRE=1/ET-1 Auto E~1 =] T-12 SEC/0MS-1'% 20 SEC , FAIL BUS AB2 AT LIFTOFF © -
Y 2=l0-2 A .
! 6=23 T, F:.gure 6.d.251
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FOLDOUT FRAME [ .

SEAM TEAM

"GNRC ASCENT/OREIT INSERTION TEST MAIRIX (SAIL) . e ,

. L.

1
TEST DESCRIPIION

LEOLDOUT FRAME 2L

U Rk ma e e ey ik

TEST REF WINDS ATMOS TEST START/STOP
NO. ROMT'S REF MODE(=) )
j 3
42 SR‘B-.I/ET-I Auto E-1 81D T-12 SEC/OMS-), + 20 SEC FAIL BUS AB3 AT LIFTOFF
4-10-3 ’
43 sn‘a-l/n-l Auto E-1 STD T-12 SEC/OMS-1 + 20 SEC FAYL BUS BCl AT um}?
4=-10-4 :
a4 $RB-1/ET-1 ‘Auto E~1 STD T~12 SEC/OMS-] + 20 SEC FAIL BUS BC2 AT LIFTOFF
4-105 L ;
45 SRE~1/ET-1 Auto E-1 SID T=12 SEC/0MS-] + 20 SEC FAIL BUS BC3 AT LIFTOFF :
2=1D=6 R . .
1
‘_ 3
46 SRE-1/BT~1 Auto E-1 STD T=12 SEC/OM3=1 + 20 SEC FAIL BUS CAL AT LIFTOFF N
4-10=7 .
47 SRE-1/ET-1 - Auto E-l SID © 1-12 SEC/OMS~1 + 20 SEC FATL BUS CA2 AT LIFTOFF f
2-10-28 i
48 SRB-1/ET-1 Auto E-1 STD T-12 SEC/OMS=) + 20 SEC FAIL BUS CA3 AT LIFTOEF .
4-10-9 ! :
49 SRB=6/ET-1 Auto E~1 STD T-12 SEC/OMS-1 + 20 SEC FAIL IMD #1 AT LIFTOFF - FAIL IMU #2 AT SRB SEP -
. - SBT ) SIGMA BIAS ON IMU #3
= - 1
i
% 50 SRB-5/ET=1 Auto Bul STD T-12 SEC/OMS~1 + 20 SEC FAIL APU #2 AT LIFTIOFF -~ FAIL APU #3 AT MAXIMUM
\ DYNAMIC PRESSURE
t
% 51 SRB-18/EI-9 ~ Aute/ E=1 SID T-12 SEC/ET SEP FAIL 2 SSME AT LIFTOFE ~ SWITCH TO CSS - FLY
6=1-7 CSS SINCLE SSME TO MECO - STOP TEST AT ET SEP
% 52 SRE/18/ETw1 Auto/ B-l STD T-12 SEC/ET SEP . FAIL ALL 3 SSME AT LIFTOFF — NO SRE MISMATCH - MAN .
css STEER. FOR SRE SEQ - ET SEP AUTO
#* 53 SRB-18/ET~Ad4  Auto/ E-1 STB T-12 SEC/ET SEP FAIL 3 SSME AT LIFTOFF ~ MANUAL INHIBIT OF ET
[ol] ' SEP -~ MAN SEP CMD AFIER SRB SEP TRANSIENTS DECAY
t
* B4 SRB-18/ET N/A Autoc/ E-l STD T=12 SEC/MECO FAIL 2 SSME AT t = 50 SEC = 1 SIGMA SRE THRUST
css MISMATCH - FLY SINGLE SSME TO MBECO
= H
: -
* 55 SRB-NA/ET-3 Auto/ E=1 STD T=12 SEC/ET SEP FAIL 3 SS5ME AT t = S0 .5BEC - SWITCH TO MAN STEER i
CcsS - CMD ET SEP IN MM 102 {SRB THRUSTING) .
. T
* 56 SRB-1/ET-1 Auto/ E~1 STD T-12 SBC/ET SEP + 20 SEC FATL 2 SSME AT t = 90:5C — 1 SIGMA SRB THROST

MESMATCH = NO MAN STEER PRIOR TO SRE SEP - FLY

SINGLE SSME TO MECO,

ORIGINAL PAGE 1§-24
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',@m’c}ﬁ“ FRAME T —

GN&C ASCENT/ORBIT INSERTION IEST MATRIX (SATIL)

’ ;. POLDOUT FRAME

]

i.

]
2

TEST SEAM TEAM REF WINDS ATMOS TEST START/STOP ° TEST DESCRIPTION i
NO, REMT'S REF MODE(s) - H
- 1
; R . i
f* 57 SRE=1/ET-1 Auta/ E-1 - . STD T-312 SEC/ET SEP + 20 SEC 3 SIGMA SRB THRUST MISMATCH - FAIL 2 SSME AT SRB -’
¢SS5 SEP + 12 SEC - SWITCH TO C5S AND FLY SINGLE SSME i
X
#% 58 SRB-1/ET-1 Auto E-1 SID T-12 SEC/ET SEP + 20 SEC 3 SIGMA SRR THRUST MISMATCH — FAJL 3 SSME AT SRR ¢
SEP + 12 SEC - ET SEP AUTO i
t [d
* 59 SRB-1/ET-3 Auto E=1 STD T~12 SEC/ET SEP + 20 SEC 3 SIGMA SRB THRUST MISMATCH - MAN SHUTDOWN Of '
¥ f-leg SSME 1, 2 & 3 WITH PUSHBUTICNS AT SRB SEP + 12 i
12-2-3 ! SBC — ET SEP MANUAL INHIBIT - MAN ET SEP r
* 60O SRB~1/ET-1 Aunto E-1 sIp 1-12 SEC/ET SEP + 20 SEC 3 SIGMA SRB THRUST MISMATCH —2 SSME FAIL AT t = !
250 SEC ~ AUTO ET SEP :
P SRE-1/ET-1 Auto E-1 &TD T-12 SBEC/ET SEP + 20 SEC 3 5IGMA SRE THRUST MISMATCH »2 SSME FAIL AT { = '
- - 300 SEC -~ AUTO ET SEP i
* 62 SRE-1/ET-Al Auto E-1 sto T-12 SEC/ET SEF + 20 SEC 3 SIGMA SRB THRUST MISMATCH ~ 1 SSME FATL AT SEE
SEP + 12 SEC - RILS SEL & EXECUIE (MM60Ll)} = 2ND
. SSME FAIL AFPROX 40 SEC PRIOR TO MECO - FLY ONE
ENG TO POWERED PITCH DN & MECO AUTO RTLS ET SEP
%63 SRB-1/ET-3 Auto E~1 STD T-12 SEC/BT SEP + 20 SEC 3 SIGMA SRE THRUST MISMATCH - NOM 2nd STAGE TO
- . MBCO ~ ET SEP MAN INHIBIT - ET SEP MAN CMD -
ORIGINAL P‘% TRANSITION TO MM 104 AT ET SEP — PRO TO MM 602
OF POOR QU . PRIOR TO OMS-1 TIG :
4
64 SRB-10/ET-Bl  Auto/ E-1 SID T-12 SEC/OMS-1 + 20 SEC NOM OFI-1 - ENGAGE BFS AT L/0 + 3 SEC - NOMINAL H
12-2-22 EFS SSME OPS SEQUENRCE .
65 SRB-11/ET-B2  Auto/ E=1 STD T-12 SEC/OMS-1 + 20 SEC NOMINAL WITH FDA — ENGAGE BFS AT L/0 + 3 SEC — i
12-2-26 BFS INSERT FAULTS {IBS) - .
66 SRB-12/E¥-B3  Auto/ E-1 -5TD T-12 SEC/OMS-1 + 20 SBEC NOM OFT-1 - ENGAGE BFS AT TOWER CLEAR (START OF :
12+2~29 BFS * PROGRAMMED TURN - ENG 2 DATA PATH FAIL BEFORE
12-2-30 MBCO CMD (LIMIT S/D S IN AUTO) - THEN - ENG 2
12-2-32 DATA PATH FAIL BEFORE MECO CMD (LIMIT S/D SWITCH .
IN ENAELE)
67 SRB-13/ET-B4  Auto/ E-1 STD T-12 SEC/CMS-1 + 20 SEC NOM - ENGAGE BFS AT MAX DYNAMIC PRESSURE — ENG
12.2-31 BFS B #1 DATA PATH FAIL AT MECO CMD
68 , SRB-22/ET-B6  Auto/ E=1 81D T-k2 SBC/OMS-1 + 20 SEC NOM - EMGAGE BFS wrmiu 2.3 5BC OF PC < 50 PSI
12-2-33 BFS (CRITICAL PERIOD FQR SEQUENCE RESTART) - ENG #3 f
DATA PATH FATL AND MECO CMD
69 SRB-10/ET-B7 Auto/ E=1 SID T=12 SEC/OMS=1 + 20 SEC NOM - ENGAGE BFS DURING ET SEP (CONFIRM RESTART
) BFS OF SEQUENCE BY EFS) .
v 6=25 . FIGURE 6.4.2-1- .



GN3C ASCENT/ORBIT INSERTION TEST MATRIX (SAIL)
1

1TEST SEAM TEAM FCS WINDS ATMOS TEST START/STOP . 1EST PESCRIPTION .
NO ROMI'S REF MODE( S}
1 3
70 SRB-1/ET-1 Aute/ E-1 5D T-12 SEC/OMSw) + 20 SEC ° NOM - ENGAGE BFS DURING OMS-1 BURN (AUTO TO MAN ;
BFS FLT CONTROL) i .
71 SRB-1/ET-1 Auto/ E~1 STD T-12 SEC/OMS-1 + 20 SEC NOM - ENGAGE BFS DURING MPS DUMP {CONFIRM SEQUENCE '
BFS CONTINUED)
72, SRR-1/ET-1 Auto/ E~1 ° STD T-12 SEC/OMS«2 4 20 SEC . NOM = ENGAGE EFS DURING OMS—2 BURN (CONFIRM CORRECT
BFS LISTENING EY EFS
73 SRE-14/ET-NA  Aute/ E=3 T STD T-12 SEC/MECO '+ 5 SEC NOM - ENGAGE BFS AT L/0 + 3 SEC R
BFS
74 SRB-15/ET-NA  Auto/ E-7 51D T-12 SBC/MECO + 5 SEC NOM - ENGAGE BFS AT TOWER CLEAR
BFS !
75 SRB-16/ET-NA  Auto-BFS  BE~11 STD I-12 SEC/MECO + 5 SEC NOM - ENGAGE EFS AT MAX DYN PRESSURE .
76 SRE-10/ET-NA  Auto/ E=5 STD T-12 SEC/MECO + 5 SEC NOM - BENGAGE BFS AT L/0 + 3 SEC _ -
BES
77 SRE~10/ET=NA  Auto/ E=o s1D T-12 SEC/MBECO + 5 SEC NOM -~ ENGAGE BFS AT TOWER CLEAR i -
- EFS i
78 SRB-10/BT-NA | Auto/ Ewl3 S1D T-12 $BCAMBCO + 5 SEC NOM - ENGAGE BFS AT MAX DYN PRESSURE vy
. siFFS I . F
79 SREB-10/ET-NA ‘'Auto/ E-6 | SID ' T-12 SEC/MECO 35 SEC " . NOM - ENGAGE BFS AT L/O + 3 SEC .-
, BFS- 4 X ol ° . 5
80 SRB-10/ET-NA - Auta/ Bud 'L, 8D L T-12 SBC/MBCO + 5 SEC ') NOM - ENGAGE BFS AT TOWER CLEAR I
: BRS . R ; )
1 . - 3t , - -
I ' :’l ' ' B i
81 SRB-10/ET-NA " Auto/ E-8 STD T-12 SEC/MBCO + 5 SEC NOM — ENGAGE BFS AT MAX DYN FRESSURE 'l
- BFS L ) ]
g2 SRB~10/ET-B5  Auta/. . BE-) 51D T12 SEC/ET SEP + 1 MIN FAIL ENG #2 AT t = 218 SEC (EARLIEST ATO ABORT) )
12-2-23 _BFS , . ENGAGE BFS PRIOR TO ENGINE FAILURE — NOMINAL
. : ' 5/D OF ENG #1 WITH PUSHBUTTON .
RV ' L 1
e3 - SRB-1/BT-1 Aute/ Eal STD T-12 SEC/ET SEP + 1 MIN , .,  ENG #3 FAIL AT t = 218 SEC (EARLIEST ATO ABORT)
: BFS’, ,v,''v. ENGAGE BFS DURING MPS.DUMP — PERFORM OMS -
‘ Y : " L A 1. TRANS TO OPS 201 !
82 SRB-23/ET-B1  Auto/s 1! E-1 STD T-12 SBC/ET $EP + 1 MIN .1 ATO AFIER V ATO MECO « ENGAGE EFS PRIOR TO ENG
BFS *\; 4, L " FAIL - ATO i s
. e T } T
PFOLDOUTE FRAME ; 6-26 | FIGURE 6,4.2=1 ;
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GNZC ASCENL/ORBIT INSERTION TEST MATRIX (SAIL)

4.;4.3_ ﬁ_.

P T

= et Ve e bt o . = g

%

TEST | SEAM TEAM FCS TEST STARI/STOP TEST DESCRIETION -
NO REQMT REF MCDE(s)
85 SRE-1/ET-1 Auto/ T-12 SEC/ET Sep + 1 MIN ATC AFIER V ATO MECO - ENGAGE BFS DURING MPS .
- 12-2-24 BFS DUMP — MAN SHUTDOWN OF ENG #2 WITH PUSHBUTTON
86 SRB-1/ET-BE1 Auto/ =12 SEC/ET Sep + 1 MIN ATO AFTER V LIN- ENG #1 SHUTS DCWN WITH LIMIT
12-2-27 BFS §/D SWITCH IN AUTC |
87 _ SRB-1/ET-B7 Auto/ | E-1 IR T-12 SBC/ET Sep + 1 MIN . ATO AFTER V LIN- ENGAGE BFS DURING ET SEP - N
© 7 iz-z2-3a BFS ) ENG #1 SHUTLS DOWN WITH LIMIT §/D SWITCH IN ENABLE
88 SRB-2/ET-1 Auto/BFS E~1 STD T=12 SEC/OMS -1 + L MIN ATO AFTER V LIN - ENGAGE BFS DURING OM-1 BURN —
: AUTO STATE UPDATE FDST OvS-1 BURN
89 SRB~3/ET-1 Auto/BFS E-1 STD T-12 SEC/ET SEP + 2 MIN ATO AFTER V LIN - FAIL BNG #1 BEFCRE V ZERO -
) BNGAGE BFS BEFORE MPS DIMP
90 © SRB~1/ET-1 Auto/BFS E-1 STD T-32 SEC/OMS-2Z + 20 SEC ATO AFTER V LIN - ENGAGE BFS AFTER OMS-2 BURN
o1 SRB~3/RT-1 Auto/BFS E-1 STD T=-12 SEC/OMS-1 + 20 SEC ATO DUREING OMS-1 BURN,- ENGAGE BFS PRIOR TO ENG
o FAIl. - SELECT ATO
7
92 SRB=4/ET=2 Auto/BFS E-1 3TD T=12 SEC/OMS-1 + 20 SEC ATO DURING OMS-1 BURN, - ENGAGE MPS DURING MPS .DUMP
- .
93 SRB-1/ET-3 Auto/BFS ' E-1 STD T-12 S5BC/0MS-2 + 20 SEC ENGAGE BFS PRIOR TO ENG FAIL
94 SRB-1/ET-4 Auto/BFS E-1 STD T-k2 SEC/OMS-2 % 20 SEC ENGAGE EFS DURING OMS-2 BURN
95 " SRB-1/ET-A2/ Auto = ' E-1 STD T-12 SEC/ET SEP + 10 SEC SPACIAL BT SEP REQM! Ty (SEE ATTACHED) !
ET-AS .
;
96 SRB-1/ET A4/ Auto E-1 T-12 SEC/ET SEP + 10 SEC SPECIAL ET SEP RE{(M'¥| (SEE ATTACHED}
ET A5
- - :
97 © 6=1-9 Auto NA~ NA MECO + 5 5BEC/CMS-2 + 20 SEC PERFORM OMS-2 BURN WITH RCS (2 OMS OUT) ’
a8 igﬂ;{?‘r—l Auto -1 sIp - T-12 SEC/OMS-1 + 20 SEC LO2 LOW LEVEL SENSORS 1 & 2 DRY BUT NOT DISABLED
£ : - I N s
99 ?ZE;{ET_I“ puto E=l T 81D T-12 SEC/OMS=1 + 20 SEC LO2 LOW LEVEL SENSORS, 3 & 4 DRY BUT NOT DISABLED
i v
Lk 7 ] : i
Kl ? - ! ] . - -
100 inz_a-z_l{g'r—-l Yauto Bl $TD ¢ T=12 SEC/OMS-1 % 20 SEC, . LH2 LOW LEVEL SENSORS:1&2 DRY BUT NOT DISABLED
5 4 i . 3

" ' LY ' ‘

'
RN 4 ' . L
. t ' ’ LR ‘

R ' &dn? . ! FIGURE 6,4.3-1 -
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IBST SEAM TEAM ~ FCS P WINDS ATMOS " 4BST START/STOP, ., ' ] TEST DESCRIPTION .
NO. ROMI'S REF MODE(s)jl ‘ ol . K
. T i o % .
lol SRB-1/ET=-1 Auto ' Eel SID T-12 SEC/OMS=1 + 20 S8BC -~ LH2 LOW LEVEL SENSORS 3&4 DRY BUT NOT TDISAELED . .
12-2-20 . !
102 SRE-1/ET-1 Auto E~1 51D T-12 SEC/OMS-1 + 20’ SECi. ..  ENG #1 CUTOFF VIA TWO AC FOWER SWETCHES _
12-2-21 . - ' . , ! ;
103 12-2-25 "Avte/ | B-1 STD . ' T-12 SEC/ET SEP + 10 SEC . ' SWIICH TO EFS AT LIFIOFF + 10 SBC - MAN SHUTDOWSN -
"1 BFS v . ) , . - ok OF ENG'S 1, 2, 3 WITH; PUSHBUTTONS '
i . . T
104 a-7 m:'to.“ ' E-1 STD T-12 SEC/ET SEP + 20 SEC. % 'FAIL AC BUS 1 AT L/0 - FAIL ESSENTIAL BUS IEC AT .
: s . Lo L/o + 20 8EC - FAIL MAN BUS A AT MAX DYN PRESSURE -
o ' ' LY
105 4-8 Auto BE=1 ST T-12 SEC/ET Sep + 20 Sec . TFAIL AC BUS 2 AT L0 - FAIL ESSENTTAL BUS 2CA i
o . T d " AT L/0 + 20 SEC - FAIL MAIN BUS B AT MAX DYN ;-
’ . PRESSURE , ;
106 4-9 . Auto E=1 5TD T-12 SEC/ET SEP + 20 SEC FAIL AC BUS 3 AT L/0 — FAIL ESSENTIAL BUS 3AB AT N
) L/0 + 20 SEC — FAIL MAIN BUS € AT MAX DVN PRESSURE
107 - Auto - - MBCO/OMS-2 C/0 + 5 SEC FAIL LEFT OMS AT OMS-2 TIG ~ 1 MIN, VERIFY OMS
. RECONFIGURATION
los - css - - MECD/OMS-2 C/0 + 5 SEC FAIL LEFT OMS AT OMS-2 TIG - 1 MIN, VERIFY OMS
RECONFIGURATION
109 - Auto — - MECO/OMS-1 /0 + 5 SEC CREW SELECT AQA AT TEST START, RIGHT OMS FAIL AT
TIG + 1 MIN, VERIFY TARGET A
110 - css - - MECO/OMS-1 C/0 + 5 SEC CREW SELECT AOA AT TEST START, RIGHT OMS FAIL AT
. o ! TIG + 1 MIN, VERIFY TARGET -
111 - Auto - - MBCO/OMS-2 C/0 + 5 SEC ' CREW SELECT ATO AT TEST START, VERIFY TARCET .
112 - - CcSs - - MECO/0MS-2 C/0 + 5 SEC’ CREW SELECT ATO AT TEST START, VERIFY TARGET o
113 - Auto - - MECO/OMS-2 C/0 + 5 SEC CREW SELECT ATO AT TEST START, FAIL LEFT OMS ENGINE
N AT TGO (OMS-2) = 30 SgEC, VERIFY TARGET
114 - css - - MEGO/0MS-2 C/0 + 5 SEC CREW SELECT ATO AT TEST START, FAIL LEET OMS ENGINE
AT TGO {0OMS-2) = 30 §EC , VERIFY TARGET .
115 - - Auto - - MECO/0MS-1 C/Q + 5 SEC NOM, FAIL RIGHT ENG AT OMS TIG, ARM SWS OFF, RE- T
CYCLE ‘
116 - Css - - MECO/OMS=1 C/0 + 5 SEC NOM, FAIL RIGHT ENG AT OMS TIG, ARM SW5 OFF, RE-
CYCLE
6=28 . .FIGURE &.4.2.1 __ e we '
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o GN&C ASCENT/ORBIT INSERTION TEST MATRIX (SAIL)

—m

: IBST DESCRIPTION

b
v

TEST SEAM TEAM FCS WINDS ATMOS TEST START/STICP
NO. ROMT'S REF MODE({s)
+
T 7 - Auto I - MECO/OMS=1 C/0 + 5 SEC FAIL RIGHT ENG AT OMS-1 TIG + 30 SEC, NO OMS roos e
RECONFIGURATTON
T 118 - css - - MECO/0MS-1 C/C + 5 SBC FAIL RIGHT ENG AT OMS=1 TIG + 30 SEC, NO OMS i
RECONFIGURATION o
119 - Auto - - MECO/OMS-2 C/0 + 5 SEC CREW SELECT ATO AT TEST START, FAIL LEFT ENG AT
OMS-2 TIG, FAIL RIGHT ENG AT TGO = 45 SEC, COM-
.- . - - - . ) PLETE BURN WITH RCS .
120 - CcSs - - MECO/OMS-2 C/0 + 5 SEC CREW SELECT ATO AT TEST START, FAIL LEFT ENG AT
- OMS -2 TIG, FAIL RIGHT ENG AT TGO = 45 SEC, COM-
A PLETE BURN WITH RCS
121 - ! Auto - - MECO/OMS ~2 C/0 + 5 SEC NOM - USE EXTERNAL DELTA-V TARGETS FOR BOTH BURNS
122 - - o imaN - g - MECO/OMS-2 C/0 + 5 SEC NOM - USE EXTERNAL DELTA~V TARGETS FOR BOTH BURNS . B
ot :
123 - Auto - _—_ MECO/OMS-1 C/0,+ 5 SBEC ' © FAIL RIGHT OMS AT TIG + 30 SBC, FAIL LEFT OMS AT
! S : : L *  RECONFIGURATION
124 - , , Man . - L - MECO/OMS-1 C/0 + 5 SEC ' FAIL RIGHI OMS AT TIG + 20 SEC, FAIL LEFT OMS AT ~ -
3 . . . y RECONFIGURATION
[ A : .
125 - ' Aito - - MECO/OMS-1 C/0 + 5 SEC FAIL LEFT OMS GIMBAL ACTUATOR AT TIG
126" - Man - - MECO/0MS-1 C/0 + 5 SEC. FATL. LEFT OMS GIMBAL ACTUATCGR AT TIG
~ B 1| k3 =
127 - Auto - - MECO/OMS-1 C/0 + 5 SEC FATI. ONE OR TWO RCS JETS AT TIG
- - Man . ' T = - MECO/CMS-1 C/0 + 5 SEC . ° , FAIL ONE OR TWO RCS JETS AT TIG
- N ik ey
129 - ' Auto  pi. o o= - MECO/OMS-1 C/0 + 5 §EC . ' 5 MINUIE TIG DELAY
o -, -
130 - Man ' - - MECO/0MS~1 C/0 + 5 SEC - 5 MINUTE TIG DELAY
N t
131 - Auto - - MECO/0MS-1 C/0 + 5 5EC , SSME ENG #2 FAIL TO SHUTDOWN
13z - . Man ' ' = - MECO/OMS-1 C/D +'5' SEC i ‘5“1 SSME ENG #2 FAIL TO SHUTDOWN
i . v t 1 -
132 © vamte T Bal STD | T-12 SEC/MECO'+ 10 SBC- ! LATE ATO - FAIL SSME #1 at 505 SEC
b . N ' 1 ' 1
' NI ' ' ) '
134 Mgte ), . B-1 . SID ' T-l2 SEC/MECO 4 10'SEC . ' LATE AOA - FAIL SSME #l AT 505 SEC - '
: .
T g [ T 1
. ) . P 6~28a FIGURE 6.4.2-1 ;2
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GNaC ASCENT/ORBIT INSERTION TEST MATRIX (san..)

e e

- -.-q—p-lu, | E

R R

- - % .

0

T
' M i - ..
H

TEST SEAM TEAM FCS WINDS ATMOS TEST START/STOP ! TEST DESCRIPTION e 1
NO ROMT'S REF MODE(s) )
i o,
135 Auvto B-1 5TD T-12 SEC/O0MS-1 + 5 SEC MISSION COMPLETION — FAJL SSME #3 AT 230 SECONDS | . .
136 Avto Bl STD F1z SEC/ET SEP + 20 SEC RILS ABORT - FAIL ENG #2 AT 260 SECONDS ]
N - . 4 U " . ' ! v
137 Auto E-1 STD T-12 SEC/ET SEP + 20 S8C . RILS ABORT - FAIL ENG #2 AT MAX DYN PRESSURE !
138 Aunto E-1 SID T-12 SEC/ET SEP + 20 SEC RILS ABORT — FAIL ENG #3 AT LIFTOFF Coor
139 Auto Bal STD T-12 SEC/ET SEP + 20 SEC INITIATE 3 ENG RTLS AEDRT BUT FATL ENG #2 APPROX , .. .
60 SECOMDS PRIOR 10 MECO . . . -
140 . Auto B-1 §TD  T-12 SEC/ET SEP + 20 SEC FAIL ENG #2 AT 218 SBC ~ SELECT AIQ ~ SWITCH TO = ~ °
RILS AT 240 SEC
141 Aute/ E-1 STD T-12 SEC/ET SEP + 20 SHC FAIL ENG #2 AT LIFIOFF — SWITCH TO C58 MODE - o
fol:13 ¢ SELECT RILS ABORT ol
. L
142 Auto/ © E~d &TD T-12 SBC/ET SEP + 20 SBC FAIL ENG #3 AT SRB SBP w SWITCH TO €SS MODE - -
[€:13 . SELECT RTLS ABORT o
143 Auto/ . E-1 SID T-12 SEC/EF SEF + 20 SEC FATIL ENG #2 AT SRR SEP — FLY AUTO UN‘TIL POST . . e ecemver
css . TURNAROUND THEN SWITCH TO CSS v
144 Auto BE-1 STD T-12 SEC/MECO + 10 SEC MAN THROTTLE TAKEQUER AT 29 DURING 2ND STAGE J !
145 ' Auto E~1 Y osTD T-12 SEC/MECO + 10 SEC FAILL APU #2 (STUCK THROTTILE)} BEFORE t = 20 SEC™- - L
146 - Auto E~l STD T-12 SEC/MECO + 10 SEC

FAIL APU #1 AT LIFTOFF - FATL APU #2 AT t = ! -
20 SEC. .

FOLDOUT FRAME - -

*  DESIGN ASSESSMENT FOR INTEGRATED GN&C

‘
¢
.

ORIGINAL PAGE 18

OF POOR QUALITY

[
= R

'
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TABLE 6.4.2-1 WIND TABLE
* GUST
*WIND SswW SSW * ONSET THICKNESS

CASE MEAN MEAS, PROB. GW(DEG) SHEAR ALT(FT) . FT
El April

E2 April

E3 Apral .95 40 Yes 36,200 984
E4 Apral .95 130 Yes 36,200 984
E5 : April .95 220 Yes 36,200 984
E6 April .95 310 Yes 36,200 984
E7 April .95 40 Yes 28,150 984
E8 April .95 130 Yes 28,150 984
E9 April .95 220 Yes 28,150 984
E1O Aoral .95 310 Yes 28,150 984
E1ll “ Apral 7 40 Yes 36,200 984
El2 April .7 130 Yes 28,150 984
El3 April 7 220 Yes 36,200 984
El4d April 7 310 Yes 28,150 984
¥ Shear: 5'0'5 = 0.0 DEG ¥ Gust: ;sz = 0.0 DEG

Shear Probability = .99 Gust Factoxr = .85

Shear Factor = .85

* Wind Case:

E = EIR,

W = WTR

6-29
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Table 6.4.2-2 SRB/ET Separation Vertification Run Matrix (SAIL)

Test No.

Sep | GH&C Description

1| TBRD Nominal SRB/ET separation
|

2 Two chamber pressures fail high in same SRR (prior
to 105 sec MET)

3 Two chamber pressures fail low in same SRB (prior to
105 sec MET)

4 Body rates at SRB sep time (Event 28) exceed inhibit

criteria, then return to acceptable state and auto separation

5 Derived dynamic pressure greater than 63 psf at SRB
separation time, then becomes less than 63 psf and auto geparation

Separation inhibit override with manual separation

GPC failure during separation sequence (nominal
geparation}

Separation with one SSME out
One chamber pressure fails high in left SRB (prior to

105 sec MET)
One chamber pressure fails low in right SRB (prior to
105 sec MET)

10 SRB/ET separation (BFS) (no failures)

i1 SRB/ET separation (BFS) (same as Sep2)

12 SRB/ET separation (BFS) (same as Sep3)

i3 SRB/ET separation (BFS) (same as Sepk)

14 SRB/ET separation (BFS) (same as Sep5)

15 SRB/ET separation (BFS) (same as Sep6)

16 SRB/ET separation (BFS) (same as Sep9)

17 SRB/ET separation {primary) with manual control prior
to SRB separation

18 SRB/ET separation (primary) with manual control at
SEB separation

19 MEC1l failure at 1ift-off

20 Manual separation with MDM FFL, FF3, or FF4 failure
prior to separation

21 Auto geparation with MDM FFl, FF3, or FF4 failure
prior to separation

22 Auto separation selecting BFS between Event 26 and

| Event 27

23 | TBD | Auto separation selecting BFS immedlately after SRB separation

(Event 28)
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Table 6.4.2-3 Orbiter/ET Separation Verification Run Matrix

Test No.
Sep GN&C Descriptions
- NOM/AQA/ATO
1 TBD Nominal orbiter/ET separation
&
2 Vehicle body rates exceed inhibit values at separation-—
corrected by FCS for auto separation
3 Same as 2—no FCS correction, manual override of inhibit
by crew
4 Feed~line disconnect valve fails to close——auto inhibit
with crew manual override
5: Crew selects manual inhabit after MECO confirmed. After a
delay of At seconds crew reselects auto mode
6 Fail (1) GPC at time of structural release
7 Fail (1) forward -Z RCS thruster {check downmoding)
8 Fail bus A or B and Bus C (dual RCS failure)
9 Fa1l two regulators in forward helium supply to RCS fuel
tank (blow-down mode)
10 Induced failure (undefined) which requires manual control
prior to MECO cmd and at structural release
RTLS
Al Nom RTLS (1 SSME out)
A2 Same condition as Case 2
A3 Vehicle body rates exceed inhibat values. Not corrected by
FCS auto 1nhibit override after 6 secoads
A4 Same condition as Case 3
A5 Same as Case 5
Y
A6 TBD Same as Case 6

6--31
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Table 6.4.2-3 Orbitex/ET Separation Verification Run Matrix (Cont)

{ Test No.

Sep GN&C Descriptions

A7 T?D Fail Bus C prior to MECO confirmed

A8 Same as Case 10

A9 Maximum rate and attitude dispersions at MECO confirmed
Al10 Maximum sero and mass property dispersions (detail cases

under study)
BFS—NOM/AOA/ATO

Bl Same as Case 1

B2 Same as Case 2

B3 Same as Case 3

B4 Same as Case &

B5 Same as Case 5

Bb ! Same as Case 7

B7 TJLD Same as Case 1-—BFS selected afte|r MECO confirmed




IDENTIFICATION -

‘L% Rockwell international

Space Division

SAILRUN DESCRIPTION SHEET

TEST TITLE :

OBJIECTIVE:

TEST CONDITIONS:

MiSsIoN Z l;{:‘f
SELECTION oM g‘ )
oNS 2
ATM
ENWRMH‘N‘;
WIND
AERO
5/ ABORT
E/O TIME STC'I'.'(CT |
SSME —
FAlL TIME
RCS
SENSORS
IMU

MpIoR INITIAL
MODE TERM
CovTroL. AVTO
Mobx, MANUAL
Tersmen 8Fs
VPLINK
MISL jMisraTen
SRB | ¥~
DIR
Fhil TIME

OMS
ACTUATOR
HYDRAMVLICS

APU

OTHER

TEST A PPROMCH

FIGURE 6.4.2-2
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OPS Transiztion Tests

A normal ascent mission (OPS 1) followang the OMS-1 and OM5-2
burns is terminated by a Transition in the computers to on
orbit OPS-2. In case of an Abort Once Around mission the
transition i1s to the Entry OPS5-3. In an RTLS the transition
to OPS 6 takes place without a memory configuration change
in the flight computers.

Tests will be conducted 1n SAIL to confirm the proper Tran-—
sition. The SAIL RTLS runs will conform transitions from
MM102 to 601 and 103 to 60l1. The tramsition fromMM 601 to
602 will also be confirmed in SAIL., The OPS transitions
will be confirmed as follows:

SAIL TEST CASE TRANSITION
1 (FIGURE 6.4.2-1) OPS 1 (MM106) to OPS 2 (Primary)

83(FIGURE 6.4.2-1) OPS 1 (MM106) to OPS 3 (BackUp)
13{FIGURE 6.4.2-1Y0PS 1 (MM104) to OPS 3 (Primary)
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6.6 Pass/Fail Craiteria

The Ascent Integrated GN&C System 1s to be verified at SAIL by the
samulated mission flaght profiles defined in the appropriate data
base appendices of SDM SD72-5H-0105. Verification will demonstrate
that the Ascent GNRC System performance complies with the pass~fall
criteria given i1n Tables 6.6-1 through 6.6-10 as follows:

Farst Stage Ascent Veraification Requirements, Table 6.6-1

SRB Separation Verification Requirements, Table 6.6=2

Second Stage Ascent Verafication Requirements, Table 6.6-3
External Tank Separation Verification Requirements, Table 6,6-4
Orbital Insertion Veraification Requirements, Table 6.6~5
Abort-Once—-Around Verification Requirements, Table 6.6~6

Abort to Orbit Verification Requirements, Table 6.6-7

RILS Verification Requirements, Table 6.6-8

Ascent Maneuver DIP Verafication Requirements, Table 6,6=9

GPC and I/0 Brror Log Verification Requirements, Table 6.6-10

The tables are organized by major mode/event sequence and present
the pass/fa1l criteria to be used against the mission profile.

The methodology used to resolve any deviations in performance con-
straints 1s i1llustrated in figure 6.6-1.

In addition to the pass/fall constraints specified in Tables 6,6-1
through 6.6-10, a reascnableness check will be performed that con-
sists of visually comparing the baseline trajectories against off-
line generated nominal trajectoxy parameters. The reasonableness
check, which will be performed by cognizant designated engineers
and crew membexs, will be exercised only 1f a probable system
anomaly 1s reported by the crew. The process used to resolve any
probable anomaly is shown in figure 6.6-2. Testing will resume on
non—critical anomalies after proper documentation.
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TABLE 6.6-1 FIRST STAGE ASCENT VERIFICATION REQUIREMENTS
(SOFTWARE/HARDWARE INTERFACE)

IBS
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TABLE 6.6-2 SRB SEPARATION
(SOFTWARE/HARDWARE INTERFACE)

FICATION

REQUIREMENTS

Major
Mode

Objective

Requirement

Pass/Fall Criteria

Downlist Requirement

102

Verify nominal SRB/
ET separation seq-

uence (benign and

design environnment)

Verify pre-separa-—
tion sequence 1nli-
tiation (MET < 105
sec):

0

[¢]

Major mode code

SRB sep inhibit
alert

CRT display
SRB bus voltages

SRB sep PIC
voltage (sep
bolts and BSM's)

MMC = 2
SRB auto 1

"Ascent Trx

LH
LH
RH
RH

LH
LH
LH

op Bus
op Bus
op Bus
op Bus

fwd thr
fwd thr
aft upr

LH aft upx

LH aft mid

LH aft mad

1H aft lwr

LH aft lwr

LH

LH

fwd sep

fwd sep

LH aft sep

LH aft sep

RH fwd thr

B volt

nhibit cr
ay 1"

a volt
B volt
A volt

IO R

pin PIC
pin PIC
bret PIC

bret PIC

brect PIC

bret PIC

wreit PIC

brct PIC

mot PIC

mot PIC

mot PIC

mot PIC

pin PIC

ew alexrt =0

28 V
28 V
28 V TBD
28 V TBD

cap A volt £1.5V
cap B volts 1.5V
cap A volt
£1.5 V
cap B volt
1.5 V
cap A volt
1.5 V
cap B volt
1.5 V
cap A volt
£1.5 V
cap B volt
$1.5 V
cap A volt
<l.5 V
cap B volt
=1l.5 V
cap A Volt
=1.5 V
cap B Volt
<1.5 V
cap A volt
1.5 V

TBD
TBD

HH R

Ve0Q8001e
Vo0X8340X

B76V160CC
B76V1601C
B76V2600C
B76V2601C

B55V1605C
B55V1606C
B55V1608C
B55V1608C
B55V160%C
B55V1610C
B55V1611C
B55V1612C
B55V1613C
B55V1614C
B55V1615C

B55V1616C

B55V2605C
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Major
Mode

Objective

Requirement

Pass/Fail Criteria

bownlist Requirement

SSME operational

status

+

Manual sep swit—

ches/cmds

RH

RH

RH

RH

RH

RH

RH

RH

RH

RH

RH

fwd

aft

aft

aft

fwd

fwd

aft

aft

thr

upr

upr

m1id

mad

lwr

lwr

sep

sep

sep

sep

pin PIC cap B volt
<1.5V

prct PIC cap A volt
£1l.3V

brct PIC cap B volt
<1l.5V

brct PIC cap A volt
1.5V

brct PIC cap B volt
£L.5V

bret PIC cap A volt
=1.5V

bret PIC cap B volt
=1.5V

mot PIC cap A volt
=1.5V

mot PIC cap B velt
£1.5V

mot PIC cap A volt
*1.5V

mot PIC cap B volt
=1.5V

SSME failure status flag = O

MPS
MPS
MPS

SRB
SRB
SRB

SRB sep seq flag$SRE
events

Guad/FCS func-

tions

SRB
SRB
SRB
SRB

El fail flag =
E2 fail flag
E3 fail flag

(o RONe

sep auto cmd = 1
sep/man/auto enable cmd =

sep

sep
sep
sep
sep
sep

init cmd = O

monitor flag = Q
anitiation flag
function meding
cmd flag = O
subphase flag =

I u
Q

O

Guidance ready flag = 0O

Frz desired body cmd flag
Stage 2 steer mode flag =

o
=

B55V2606C

B55V2607C

1

B55V2608C

B55V2609C

B55V2610C

B55V2611C

B55V2612C

B55V2613C

B55V2614C

B55V2615C

B55V2616C

VOOX1763X
VO5X1207X
VO5X1208X
VO5X1209X

VOOX7570X
VOOX7571X
VOOX7572X

VoOX8193X
Vo0X8333X
VoOX8330X
VoOX8331X
VOOX1761X

VO0X1965X
VOOX1714X
VOOX1757X
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Major
Mode

Objective

Requirement

Pass/Fail Criteria

Downlist Requiremrent

o SRB RCS ARM
Status

o SRB RSS Safe
Status

Veri1fy SRB sep mon-
1tor inirtiation
(Event 25) (MET>
105 sec and no MECO
confirmed):

Verify sep 1nitia~
tion sequence/func-
tions (Event 26)}:

© SRB Pcs 50 psia

o ‘PC < 50 psia

Steering Mode Flag = 1
Manual Mode During Stage 1 Flag = (
Manual Mode During Stage 2 Flag =0
Auto Guidance Mode Flag = 1

8TGl Guidance Dascrete = 1
Initiate Stage 2 Guidance = O

PEG Convergence Discrete = O

LH SRB RSS S&A Armed = 1

RH SRB RSS S&A Armed = 1
LH SRB RSS S&A Safed = 0
RH SRB RSS S&A Safed = 0
SRB sep monitor flag =1

MECO confairmed flag = 0O

SRB sep initiation flag = 1

Selected LH SRB P

Cﬁ 50 T8p psia at
Selected RH SRB PCS 5

O 769 psia at

Tl
sz - Tl\ T 4.2 seconds
LH SRB Pc A = 50 psia
1L.H-SRB PC B = 50 psia
LH SEKEB Pc C= 50 psia
RH SRB Pc A% 50 psia
RH SRB PC BZ 50 psia
RH SRB PC Ce 50 psia

LH/RH SRR 50 psia flag = 1
(Displayed on Ascent Traj 1 display

VO0X1712X
VOOX1707X
VoOX1741X
VOOX1710X
VoOX17123X
VOOX8630X
Vo0oX1971X

B55X1870X

B55X2870X

B55X1869X
B55X2869X

Vo0X8193X
VoOXg561X

Vo0X8333X

VooP2535C
VooP2536C

B47P1300C
B47P1301C
B47P1302C
B47P2300C
B47P2301C
B47P2302C

Va0xs332X
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-

Major
Mode

Objective

Requirement

Pass/Fail Criteria

Downlist Requirement

A

S{iﬁfﬂV& "TVNIDIEO

ZIrTVAD ¥00d J0

PC Measurement Ac-—

curacy

o SRB RSS ARM
Status

o SRB RSS Safe

Status

o SRB RSS Power

Status

o BET/Orbiter cam-

era on

Verify SRB sep fun-

ction moding:
(Bvent 27)

(Event 26 + 2.3 sec

¢ S5RB nozzles nul-

led

A P

LH S
RH S

LH S
RH S

LH R
LH R
LH S
volt
1H S
volt

RH RCS

volt
RH S
volt

TBD

L
—

RB
RB

RB
RB

10 PSIA (Note

RSS S&A Armed
RSS S&A Armed

RSS S&A Safed
RSS S&A Safed

M OO

S5

decoder A

S5 deccdesr B
RE RSS receivex sig

= 0

0]
o

RB RSS receiver sig

= 0

RHE RSS

RH 5

A decodex A
B decoder B

= 0
= 0

RE RSS receiver sig

=0

RB RSS receiver sig

= 0

Function moding

LH p
LH p
RH p
RH p

SRB
SRB
SRB
SRB
SRB
SRE
SRB

os TVC rock
os TVC talt
os TVC rock
os TVC talt

LH Rock
LH Tilt
LH Roclk
ILH Tilt
LH Rock
LH Ti1lt
LB Rock

Actry
Actr
Actx
Actzr
Actr
Actr
Actr

for SRB

actuator
actuator
actuator
actuator

ocO0Om W

Drvr
Drvrx
Drvrx
Dxvr
Dxvr
Drvr
Drvr

strength A

sirength B

strength A

strength B

sep

TBD
TBD
TBD
TBD

Out = TBD
Out
outl
Out
Out
Out
Out

o tn

B55X1870X
B55X2870X

B55R1869X
B55X2869X

B55X1871X
B55X1872X
B55E1100C

B55E1101C

B55¥2871X
B55X2872K
B55E21.00C

B55E21.01C

VOOX8330X

B58H1150C
B58H1151C
B58H2150C
B58H2151C

V79H2110A
V79H2111A
V79H21144
V79H2115A
V79H2119A
V79H21204A
V79H2125A
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Major

Mode Objective Requirement Pass/Fail Criteria Downlist Requirement
102 SRB LH Talt Actr D Drvx Out V79H2126A
(Cont) SRE RH Rock Actr A Drvr Out V79H2130A
SRB RH Tilt Actr A Drvr Out V79H2131A
SRB'RH Rock Actr B Drvr Out V79H2135A
SRR RH Tilt Actr B Drvr Out V79H2136A
SRBE RH Reock Actr G Drvr Out V79H21404A
SREB RH Tilt Actr C Dxvr Out V79HZ2141A
SRB RH Rock Actr D Drvr Out V79H21454
SRE RH Talt Actr D Drvr Out V79H2146A
SRB TVC FDIR TBD
terminated
Transition from ; TBD
SRB to orbiter
RGA
Stage 2 FCS logipTBD
enabled
Arm SRB sep PIC'EBLH fwd thr pin PIC cap A volt B55V1e05C
(sep bolts and =235.7 V
BSM's): LH fwd thr pin PIC cap B volt B55V1606C
*35.7 V
LI aft upr brect PIC cap A volt B55V1607C
z35,7 V
LH aft upr bret PIC cap B volt B55V1608C
= 35,7V
LH aft mad brect PIC cap A volt B55V1609C
2357V
LH aft mid brct PIC cap B volt B55V1610C
‘ 2 35,7 V
LH aft lwr brct PIC cap A volt B55V1&l1C
2 35,7 V
LH aft lwr bret PIC cap B volt B55V1612C
35,7V
LH fwd sep motor PIC cap A volt B55V1613C
> 35,7V
LH fwd sep motor PIC cap B volt B55V1614C

235,7

SI AHVJ TVNIDIYO

AIFIVAD Y004 40
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Major

Mode Objective Requirement Pags/Fail Criteria Downlist Requirement
102 LH aft sep motor PIC cap A volt B55V1615C
(Cont) Z235.7 V

LH aft sep motor PIC cap B volt B55V1616C
235.7V
RH fwd thr pin PIC cap A volt B55V2605C
235.7 V
RH fwd thr pin PIC cap B volt B55V2606C
> 35,7V
RH aft upr brct PIC cap A volt B55V2607C
2 35.7 V
RH aft upr brct PIC cap B volt B55V2608C
235.7 V
RH aft mad brct PIC cap A volt B55V2609C
235.7V
RH aft mid brect PIC cap B volt B55V2610C
Z 35.7 V
RH aft lwr brct PIC cap A volt B55vV2611C
2357V
RH aft lwr bxct PIC cap B volt B55vV26l2C
> 35.7V
RH fwd sep motor PIC cap A volt B55vV2613C
2 35.7 V
RH fwd sep motor PIC cap B volt B55V2614C
2 35,7 V
RH aft sep motor PIC cap A volt B55V2615C
2 35.7 V
RH aft sep motor PIC cap B volt B55V2616C
z235.7V
Verify SRB separa- SRB sep cmd flag = 1 Vo0OX8331X
(Event 28) (sep in- .
1tiation + 4.0 sec
and no sep inhabat):
o Monitor sep auto Sel RGA roll rate See rate inhi- VOGOR5301C
inhibit parameters{Sel RGA pitch rate bit criteria VOOR5321C
Sel RGA yaw rate (lL.2.2.2) VOOR5341C
/ Derived dynamic press. < 63 psf Vo5P0500C
0 Major mode change [MMC = 103 VooQs00l1C

from 102 to 103
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Major
Mode

Objective

Requirement

Pass/Fail Criterla

Downlist Requirement

o Initrate attitude

hold

Guidance/FCS Func-
tions

Attach & BSM PIC
dascharge/sep CMD
time daifference

ATVC SRB 26=V dead
face

ATVC SRB IVD power
off

CRT display

Initiate stage 2
guldance

Terminate SRB data
acquisition

Terminate stage 1
guidance

Terminate SRB Rrg
SOP

Terminate AA SOP

Terminate SRB mon-
1tor PCN

Terminate aP P/B
S0P

o]
O
O

Body pitch attitude error ¥ O
Body yvaw attatude error = O
Body roll attztude erxoxr = O
Pitch rate, flaght body-inertial

v 0°/sec
Yaw rate, flight body—inertla%

= 0 /sec
Roll rate, flight body—lnertlgl

=0 /sec

SRB sep subphase flag = 1
Freeze desired body command flag=l

Steering mode flag = O

Special requirement { T £ 20 ms)

(Note 2)*
Special Requirement (Note 3)#¥
Special Requirement (Note 4)%

Ascent Traj 2
TBD

TBD
TBD

TBD

TBD
TBD

IBD

VO5H3521C
VO5H3522C
VO5H3523C
VO5H3526C

VO5H3527C

VO5H3528C

VOOX1761X
VOOX1714X

VoOx171izX

ST HOVd "TVNIDTHO

AITTVOD 9004 JI0
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Major
Mode

Objective

Requirement

Pass/Fail Criteria

Downlist Requirement

Terminate AA FDIR

Pitch axais trim
change

PIC voltage dis-
charge
{sep bolts and BSM

TBD
MPS eng 1 P act. A cmd = TBD
MPS eng 2 P act. A cmd = TBD
MPS eng 3 P act. A cmd = TBD
MPS end 1 P act. position = TBD
MPS eng 2 P act. position = TBD
MPS eng 3 P act. position = TBD
LH fwd thr pin PIC cap A volt
<1l.5V
LH fwd thr pin PIC cap B volt
sl.5V
LH aft upr brct PIC cap A volt
1.5V
LH aft upx brct PIC cap B volt
21l.5V
LH aft mid brect PIC cap A volt
£1l.5V
LH aft mid bret PIC cap B volt
1.5V
LH aft lwr brct PIC cap A volt
1.5V
LH aft 1wr brct PIC cap B volt
1.5V
LH fwd sep motor PIC cap A wvolt
1.5V
LH fwd sep motor PIC cap B volt
1.5V
LH-aft sep motor PIC cap A volt
21.5V
LH aft sep motor PIC cap B volt
£1.5V
RH fwd thr pin PIC cap a volt
<1.5V
RH fwd thr pin PIC cap B volt
£1.5V
RH aft upr brct PIC cap A volt

<1.5V

VEBK1164C
V58K1264C
V58K1364C
V58H11004

V58H12004A
V58H13004A

B55V1605C

B55V1606C

B55V1607C

B55vV1608C

B55V1609C

B55V1610C

B55V1611C

B55V16l2C

B55V1613C

B55V1614C

B55V1615C

B55V16l6C

B55V2605C

B55V2606C

B55V2607C




v

Major
Mode

Objective

Requirement

Pass/Fall Criteria

Downlist Requirement

b Separation indica-
tion

Verify SRB sep seq-
uence completion
{At SRB separation
cmd + 4.0 sec)

o Sep cmd flag off

o SRB pwr off
(buses A and B)

o SRB pwr off, Bus
c

o ET/orbiter sep
camera off

o MEC 1 and 2 reset
o MEC Cutputs are

Zexo

RH

RH

RH

RH

RH

RH

RH

RH

RH

LH
LH
RH
RH

aft upr
aft mad
aft mid
aft lwr
aft lwr
fwd sep
fwd sep
aft sep

aft sep

voltage
voltage
voltage
voltage

brct PIC cap B velt
£ 1.5V
bret PIC cap A volt
< l.5V
brct PIC cap B volt
1.5V
brct PIC cap A volt
1.5V
brct PIC cap B volt
£1.5V
motor PIC cap A volt
£ 1.5V
motecr PIC cap B volt
= 1l.5V
motor PIC cap A volt
£ 1.5V
motor PIC cap B volt
1.5V
oper bus A = 0 volt
oper bus B = 0 volt
oper bus A = O volt
oper bus B = 0 volt

SRB sep cmd flag = O

Special Requirement {(Note 5)}%

Speciral Requirement (Note 6)}#%

TBD

TBD

Special Requirement (Note 7)#%

B55V2608C

B55V2609C

B55V2610C

B55V2611C

B55V2612C

B55vV2613C

B55V2614C

B55Vz2615C

B55V2616C

B76V1600C
B76V1601C
B76V2600C
B76V2601C

VoOX8331X

1 OV TVNIDIYO0

AIrTVOD Y00d JI0
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Major
Mode

Objective

Requirement

Pase/Fail Criteria

Dovnlist Requirement

Verify guidance in-
1tiate (Event 29)
(SRR sep cmd + 4
sec and guidance
ready)

o Guidance/FCS
functions

Stage 2 steer mode flag = 1
Gurdance ready flag = 1

Freeze desired body CMD flag = 0O
SRB sep subphase flag = O

S5TG 1 Gurdance Dascrete = 0
Initarate Stage 2 Guidance = 1

PEG Convergence Discrete = 1

VOO0X1757X
VIOCK1965X
VoOX1714X
Vo0X1761X
VoOX1713X
VoOX8630X
VOOX1971X




‘l& Rockwell International

NOTE #1 SRB P_ Measurement Accuracy Space Dvision

Requirement

At a SHEB chamber pressure of 50 * 20 psia, measure the difference
between each simulated SRB PC transducer pressure provided by
the MMES and the correspondinig SRB chamber pressure output from
the MDMs. Perform test at least three times.

Pass/Fail Criteria

Pressure difference £ 10 psi g?Igqu%LQ%ﬁTIy‘S

Downlist Requirement

B47P1300C LH Press A SRM Chamber
B47P1301C LY Press B SRM Chamber
B47B1302C LH Press C SRM Chamber
B47B2300C RH Press A SRM Chambex
B47B2301C RH Press B SREM Chamber
B47B2302C RH Press C SRM Chamber
NOTE #2 Attach & BSM PIC Discharge/SEP CMD Time Difference

Requirement

Measure the time difference between the farst MEC SEP CMD (Faire 2)
crossing the ORB/SRB interface and the discharge of the AXB PIC's
to the four attachment NSI simulators and the two BSM ignaition sys-—
tem NSI simulators per SRB. Perform test at least three times,

Pass/Fail Criteria

The time difference between the separation command crossing the
Orb/SRB interface and the discharge of any PIC shall be £ 20
milliseconds.

Downlist/Downlink Requirement

None

Special instrumentation is required.
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ela Rockwell International

Space Division
NOTE #3 Verify proper deadface of the ATVC SRB 26 VAC power

Requirement

o Monitor TVC Rock Tilt Secondary AP excitation wvoltage.
o Requires a breakout box installed at the ORB/ET umbilical plate

interface to monitor each individual excitation line on AC
meter, etc.

Pass/Fail Criteria

LH TVC A Rock/Tilt Sec A - P Bxcit = O
LH TVC B Rock/Tilt Sec A~ P Excit = 0
LH TVC C Rock/Tilt Sec A- P Excit = 0
LH TVC D Rock/T1lt Sec A- P Excit = O
RH TVC A Rock/Ti1lt Sec A- P Bxcit = 0
RH TVC B Rock/Tilt Sec A- P BExcit = 0O
RH TVC C Rock/Tilt Sec A- P Excit = O
RH TVC D Rock/Tilt Sec A- P Excit = O
Downlist/Downlink Reguirement

None

NOTE #4 Verify proper deadface of the ATVC SRB IVD power off.
Requirement

o Monitor TVC Rock/Tilt Servo Bypass Commands
1
o Requires a breakout box installed at the ORB/ET umbialical
pPlate interface to monitor each individual command on DC metex,
etc.

Pass/Fall Criteria

B58K3521E LH TVC TILT SERVO A BYPASS CMD = O
B58K3522E LH TVC TILT SERVO B BYPASS CMD = O
B58K3523E LH TVC TILT SERVO C BYPASS CMD = O
B58K3524E LH TVC TILT SERVO D BYPASS CMD = O
B58K3525E LH TVC ROCK SERVO A BYPASS CMD = 0
B58K3526E LH TVC ROCK SERVO B BYPASS CMD = O
B58K3527E LH TVC ROCK SERVO C BYPASS CMD = O
B58K3528E LH TVC ROCK SERVO D BYPASS CMD = O
B58K4521E RH TVC TILT SERVO A BYPASS CMD = O
B58K4522E RH TVC TILT SERVO B BYPASS CMD = O
B58K4523E RH TVC TILT SERVO C BYPASS CMD = O
B58K4524E RH TVC TILT SERVQO D BYPASS CMD = O
B58K4525E RH TVC ROCK SERVO A BYPASS CMD = O
B58K4526E RH TVC ROCK SERVO B BYPASS CMD = O
B58K4527E RH TVC ROCK SERVO C BYPASS CMD = O
B58K4528E RH TVC ROCK SERVO D BYPASS CMD = O
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Rockwell International

Downlist/Downlink Requirement Space Division
None
NOTE #5 Veraify proper deadface of SRB power Buses A & B

Requirement

o Monitor SRB power buses A & B for L&R SRB's

o Requires a breakout box installed at the ORB/ET umbilical plate
interface to monitor each power line with DC meter, etc.

Pass/Fai1l Criteria

LH Operational Bus A Voltage
1H Operational Bus B Voltage
RH Operational Bus A Voltage
RH Operational Bus B Voltage

It

I
O0CQOO0O

Downlist/Downlink Requirement

None

NOTE #6 Verify proper deadface of SRB Bus C

Requarement

c Monitor SRB Bus C for L&R SRB's

lo] Requires a breakout box installed at the ORB/ET umbilical plate
interface to monitor each power line with DC metex, etc.

Pass/Fal1l Criteria

ILH SRB OI C Bus Power
RH SRB 0OI C Bus Power

wu

Downlist/PDownlink Requirements

None
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NOTE #7

Requirements

Verafy proper deadfacing of MEC outputs.

N

0o Monitor Arm, Fire,and R55 Commands to L&R SRB's

o Requires a bredkout box installed at Orbitex/ET umbalical
plate interface to monitor each output with DC meter, etc.

Pass/Fai1l Criteria

B55K3506E
B55K3509E
B55K4506E
B55KA4A509E

B55K3507E
B55K3508E
B55K3510E
B55K3511E

B55K4507E
B55K4A508E
B55K4510E
B55K4511E

B55K3517E
B55K3518E

B55K3515E
B55K351.6E

B55SK4517E
B55KA4518E

B55K4515E
B55K4516E

LH
e
RH
RH

LH
LH
LH
LH

RH
RH
RH
RH

LH
LH

LH
LH

RH
RH

RH
RH

SEPN
SEPN
SEPN
SEPN

SEPN
SEPN
SEPN
SPEN

SEPN
SEPN
SEPN
SEPN

RSS
RSS

SRB
SRB

RSS
RSS

SRB
SRB

S&A
S&A

RSS
RSS

S&A
S&A

R5S
RSS

PIC
PIC
PIC
PIC

PIC
PIC
PIC
PIC

PIC
PIC
PIC
PIC

ARM CMD
ARM CMD
ARM CMD
ARM CMD

W

FIRE
FIRE
FIRE
FIRE

wwe e

FIRE
FIRE
FIRE
FIRE

Ow e

SAFE CMD 1
SAFE CMD 2

OO0 OO0

1 CMD
2 CMD
1/RCVY ON =
2/RCVY ARM CMD = 0

1 CMD
2 CMD
1/RCVY P
2/RCVY ARM CMD = 0O

0
0

PWR

POWER A OFF CMD
POWER B OFF CMD

SAFE CMD 1
SAFE CMD 2

It H

o
C

POWER A OFF CMD
POWER B OFF CMD

Downllst/bownllnk Requirements

None
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Rockwell International

Space Division

TABLE 6.6-3 SECOND STAGE ASCENT VERIFICATION REQUIREMENTS
(SOFTWARE/HARDWARE INTERFACE)

TIBS
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TABLE 6.5-4

ET SEFARATION VERIFICATION REQUIREMENTS

(SOFTWARE/HARDWARE INTERFACE)

}:ojdoer Objective Requirement Pass/Fail Criteria Downlist Requirement
103 Verify Nom Orbiter/| Verify ET sep

ET Separation

(Event 33)

C

o]
O
O

o

Major mode code
CRT display

MECO status

Initiate ET sep
seq

Initiate MEC SOF

ET sep PIC vol-
tage

o Manual sep

switches/cmds

Terminate feed-

line relief shut-
off valve close

cmds

MMC. 3
"Ascent Trajy 2"

MECO confirmed flag = 1

TBD

TBD

MEC 1 PIC 1 cap volt < 1.5V
MEC 1 PIC 2 cap volt < 1.5V
MEC 1 PIC 3 cap volt < 1.5V
MEC 1 PIC 4 cap veolt < 1.5V
MEC 1 PIC 5 cap volt < 1.5V
MEC 1 PIC 6 cap volt < 1.5V
MEC 1 PIC 7 cap volt < 1.5V
MEC 1 PIC 8 cap volt <« 1.3V
MEC 1 PIC 9 cap volt < 1.5V
MEC 2 PIC 1 cap volt < 1.5V
MEC 2 PIC 2 cap velt <« 1.5V
MEC 2 PIC 3 cap volt < 1.5V
MEC 2 PIC 4 cap volt < 1.5V
MEC 2 PIC 5 cap volt < 1.5V
MEC 2 PIC & cap wolt = 1.5V
MEC 2 PIC 7 cap volt < L1l.5V
MEC 2 PIC 8 cap volt < 1.5V
MEC 2 PIC 9 cap volt < 1,5V

ET. sep auto cmd = 1

ET sep manual enable = O

ET sep initzate = O

MPS LH2 feed-line relief shutoff

valve close cmd = Q
MPS LH, feed-line relief shutoff
valve closed = O

VooQRs001C

Vo0X8561Xx

V76M7061B
62B
65B
66B
69B
70B
73B
74B
Y 778

V76M7161B
62B
65B
66B
69B
70B
73B
74B
Y 77B

Vo8X0747X
VOOX7554X
Vo8X0748X
VOOX7556X
Va8X0749%
VOOX7564X

V41514478

V41X144Z2E




Major
Mode

Objective

Requirement

Pass/Fail Criteria

Downlist Requirement

£9—9

o Termznate ET umb

o ET tumble sys arm

doors centerline
latch lock cmd

ET unb Dxr. Cl
Latch Stow Cmd

All pre-valves
cnd closed

ET tumble sys
fixe

ET/orbiter camera
on

Terminate feed-
line dasconnect
valve cmd open

MPS LH, feed-line relief shutoff
Valve closed = O

MPS LO,_. feed-line relief shutoff
valve closed = 0O

MPS LO, feed-laine relaief shutoff
valve closed = O

ET umb door centerline latch 1
locked indicater 1 = O

ET umb door centerline latch 1
locked indicatoxr 2 = O

ET umb door centexline latch 2
locked andicator 1 = O

ET umb door centerline latch 2
locked indicatoxr 2 = O

All prevalves cmd. close ind

ET Umb Dr.CL Latch 1 Stow Ind 1
ET Umb Dr.CL Latch 1 Stow Ind 2
ET Umk Dr.CL Latch 2 Stow Ind 1
ET Umb Dr.CL Latch 2 Stow Ind 2

MPS E-1 LH, prevalve close cmd
MPS E-1 LO_ prevalve close c¢md
MPS E~2 LH, prevalve close cmd
MPS E-2 LO_ prevalve close cmd
MPS E-3 LH_ prevalve close cmd
MPS E-3 L02 prevalve close cmd

T uw e

N T

ET tumble sys arm flag = 1
ET tumble sys fire flag = 1

ET/orbiter sep camera on cmd = 1

MPS LI-I2 feedline disc valve open
o]
MPS LO

2 feedline disc valve open
O

e

V41X1442E

V4151547E

V4l¥X1542E

V56X1255X

V56X1265X

V56X1355%

V56X1365X
Vo0oX8568X

V56X1205X
VE6X1215X
V56X1305X
V56X1315X

V41S81122E
V41S1139E
V41512228
V41S1239E
V41S1277E
V4151339E

Vo8X0750X
Vo8X0751X

V56K9000X

V41X1428X

V41X1429X
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Major
Mode

Objective

Requirement

Pass/Fall Criteria

Dovnlist Requirement

Feedline disc
valve cmd close

Set MPS dump
gimbal

Arm ET/Umb
unlatch PIC's

Reset ET tumble
sys flags

Terminate MPS
cond pwr cmd

Reset ET DFI pwr
on cmd

Reset ET/umb un—
latch arm

ET/umb unlatch
fire

MPS LH2 feedline
A=1
MPS LH2 feedline
B =1
MPS LO, feedline

A=1 2
MPS LO2 feedline
B =1

disc valve close

disc valve close

disc valve close

disc valve close

MPS dump gimbal pos flag = 1

ET/umb unlatch PIC's arm flag

MEC 1 PIC 1 cap volt 2 35,7 V
MEC 1 PIC 2 cap volt 2 35,7 V
MEC 1 PIC 3 cap volt = 35,7 V
MEC 1 PIC 4 cap volt 2 35.7 V
MEC 1 PIC 5 cap volt ™ 35.7 V
MEC 1 PIC 6 cap volt = 35.7 V
MEC 2 PIC 1 cap volt 2 35.7 V
MEC 2 PIC 2 cap volt #* 35.7 V
MEC 2 PIC 3 cap volt £ 35.7 V
MEC 2 PIC 4 cap volt 2 35.7 V
MEC 2 PIC 5 cap volt 2 35.7 V
MEC 2 PIC 6 cap volt 2 35,7 V

fd

ET tumble sys arm flag = O
ET tumble sys fire flag = O

MPS sig cond pwr on cmd = O

ET°'DFI pwr on cmd = O

ET/umb unlatch arm flag set

H
O

ET/umb unlatch fire flag = 1

MEC 1 PIC 1 cap volt <« 1
MEC 1 PIC 2 cap volt < 1
MEC 1 PIC 3 cap volt < 1.
MEC 1 PIC 4 cap volt < 1

V41X1430X
V41X1434X
V41X1530X

V41X1534X

V70X8247X
V76M7061B
62B
65B
66B
69B
Y 70B
V76M7161B
62B
65B
66B
69B
¥ 70B

Ve8X0750X
VogX0751X

VoOoX8247X

VO8X0755X
V76M7061B

628
65B

66B
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Major
Mode

Objective

Requirement

Pass/Fall Criteria

Downlist Requirement

o ET/umb retract
faire

o MEC crat cmd set

o Status anhibait
alert

Verafy ET Sep
(Event 33B)

0O Terminate ascent
DAP

o0 Terminate G&C
steer

VERIFY ET Sep
{(Bvent 33C)

O Inatiate trans
DAP

© Initiate RCS cmd
SOpP

o Attitude cmd (sn-
apshot)

Verafy ET Sep
(Event 34)

MEC 1 PIC 5 cap volt < 1.5V
MEC 1 PIC 6 cap volt < 1.5V
MEC 2 PIC 1 cap volt < 1.5V
MEC 2 PIC 2 cap volt < 1.5V
MEC 2 PIC 3 cap volt < 1,5V
MEC 2 PIC 4 cap volt < 1.5V
MEC 2 PIC 5 cap volt < 1,5V
MEC 2 PIC 6 cap volt < 1.5V

ET/umb retract fire flag = 1

MEC crait cmd flags = 0

ET auto sep inhibit crew alert
reset = 0

TBD

TBD

TBD

|TBD

LH ADI roll rate

LH ADI patch rate

LH ADI yaw rate

LH ADI xoll attitude error
LH ADI paitch attitude error
LH ADI yaw attitude error

698
70B
V76M7161B
628
65B
66B
69E
70B

Va8X0756X

Vo0X8259X

V72R0916C
V72R0917C
V72R0018C
V72H0925C
V72H0927C
V72H0929C




959

-

Major
Mode

Objective

Requirement

Pass/Faill Criteria

Downlist Requirement

o ET/orbiter struct
PIC's arm

o Status inhibat

crew alert

o Status sep switch

o If inhib occurs

Term ET/Orb Sep
Camera on cmd

o Set RCS inhabat
o BET/orbiter struct

sep fire 1&2

o Reset ET/Oxb Sep
Com Cmd (2f anhib

has occurred)

ET/orbiter struct sep arm flag

MEC 1 PIC 7 cap volt 2 35,7 V
MEC 1 PIC 8 cap volt > 35,7 V
MEC 1 PIC 9 cap volt 2 35.7 V
MEC 2 PIC 7 cap volt Z 35.7 V
MEC 2 PIC 8 cap volt 2 35.7 V
MEC 2 PIC 9 cap volt 2 35.7 V

ET auto sep anhabit crew algrt
Select RGA roll rate < 0.3 /s
Select RGA patch rate< 0.3 /s
Select RGA yaw rate < 0.3 /s
MPS LH, feedline disc valve
close ﬁ = 1

MPS LH, feedline disc valve

close E = 1
MPS LO,. feedline disc valve
close ﬁ = 1

MPS LH,_ feedline disc valve
close % = 1

ET sep manual enable = 0
ET sep inatiate = O

If inhibat occurs - ET/orb Sep
Camera On = O

ET sep. RCS ainhibat flag = 1
ET/orbiter struct sep fire = 1
MEC 1 PIC 7 cap volt < 1.5V
MEC 1 PIC 8 cap volt < 1.5V
MEC 1 PIC 9 cap volt € 1.5V
MEC 2 PIC 7 cap volt < 1.5V
MEC 2 PIC 8 cap volt < 1.5V
MEC 2 PIC 9 cap volt € 1.5V
ET/Orb Sep camera on = 1

VO8X0752X
V76M7073B
V76M7074B
V7eM7077B
V76M7173B
V76M7174B
V76M7178B

VICOX8259X
VOOR5301C
VOOR5321C
VOOR5341C

V41X1430X
V41X1434X
V41X1530X

V41X1534X

VOOX7556X
VOOX7564X

V56K9000X

Vo0X8260X

Vo8X0753X
V76M7073B
V76M70748
V76M7077B
V76M7173B
V76M7174B
V76M7177B

V56K9000X
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Major
Mode

Objective

Requirenent

Pass/Fall Criteria

Downlist Requirement

o Attitude cmd
{snapshot)

o ET sep cmd set

o0 Bnable RCS jets
{initrate -Z
trans)

LH ADI
LH ADI
LH ADI
LH ADI
LH ADI
LH ADI

ET sep

ET sep

RJDF
RJDF
RJDF
RJDF
RJDF
RJIDA
RJDA
RJIDA
RJDA
RJDA

RJDF
RJDF
RJDF
RJDF
RJDF
RJDF
RJDF
RJDA
RJDA
RJDA
RJDA
RJIDA
RJDA.
RJDA
RJDA
RJDA
RJDA
RJDA.

RJDA
RJDA

MDONFHFFFODODDHFFEFFEFODODRDFEEEE DDEFODRFODODRERR

roll rate

pitch rate

vaw rate

roll attitude error
pitch attitude errox
vaw attitude error

emd flag = 1

RCS 1nhibit
Jet F1D cmd
Jet F2D cmd
Jet F3D cmd
Jet, F4D cmd
Jet L2D cmd
Jet L3D emd
Jet L4D cmd
Jet R2D cmd
Jet R3D emd
Jet R4D cmd

Jet F1L cmd
Jet F1lU cmd
Jet F2R cnd
Jet F2U cmd
Jet F3L comd
Jet F3U cmd
Jet F4R cmd
Jet L1L cmd
Jet L1U cmd
Jet L2L cmd
Jet L2U cmd
Jet L3L cmd
Jet L4, cmd
Jet L4U cmd
Jet RLR cmd
Jet R1U cmd
Jet R2U cmd
Jet R3R cmd
Jet R4R cmd
Jet R4U cmd

—
w

la}
I
O

new ity nan

PEEPEPPRPEPLDRPERPRPRER PR PRI R R 2R RRREDRR R
a0 auananEnun
e e T e e A i el e e S Ty wiy SF Sy S TP I

mnun

V72R0916C
V72R0917C
V72R0918C
V72H0925C
V72H0927C
V72H0929C

VoOX8250X
VoBXO754X

VOOX8260X
V79K2404X
V79K2408X
V79K24L2X
V7o0K2414X
V79K2422X
V79K2425X
V79K2428X
V79K2436X
V79K2439X
V79K2442X

V7952402X
03X
06X
07X
lox
11X
13X
18X
19X
20X
21X
24X
26X
27X
32X
33X
35X
38X

40X
¥ 41X
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Major
Mode

Objective

Requirement

Pass/Fail Criteria

Downlist Requirement

o

Terminate feed-
line disc valve
close cmd

Terminate MEC
critical cmd

Set MEC 1 & 2
master reset

Terminate ET sep
seq

Terminate MEC SOP

Verify Major Modes
Transitron (Bvent
36)

o]

Major mode cocde

MPS
A =

I\IP ]

PS

=W

A
MPS
B =
MEC
MEC
TBD

TBD

MMC

LH, feedline disc
o 2
LH,. feedline disc
0 2
LO,. feedline disc
0 2
LO, feedline dasc

o 2

crit cmd flag = O

mnaster reset flag

4

valve

valve

valve

valve

1
O

close

close

close

close

V41X1430X
V41X1434X
V41X1530X

V41X1534X

Vo0OX8258X

Voonsool1C
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TABLE 6.6-5 CRBITAL INSERTION VERIFICATION REQUIREMENTS

(SCRTWARE/HARDWARE TNTERFACE).
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TABLE 6.6-6 ABORT-ONCE=AROUND VERIFICATION REQUIREMENTS

( SOFTWARE/HARDWARE INTERFACE)
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TABLE 6.6-~7  ABORT TO ORBIT VERIFICATION REQUIREMENTS
(SOFTWARE/HARDWARE INTERFACE)
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TABLE 6.6-8 RTILS VERIFICATION REQUIREMENTS
(SOFTWARE/HARDWARE INTERFACE)
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TABLE 6.6-9 ASCENT MANEUVER DIP VERIFICATION REQUIREMENTS
(SOFTWARE/HARDWARE INTERFACE)
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TABLE 6.6-10

GPC AND I/0 ERROR LOG VERIFICATION

REQUIREMENTS
( SOFTWARE/HARDWARE INTERFACE)
Major
Mode Objective Requirement Pass/Fail Criteria Downlist Requirement
All Veraify DPS hardware [GPC error log verif-|Zero ("O") GPC errors determined GPC~1, V9206036C

rerformance during
GN&C system verif-
lcation

1Lcation

GPC I/0 error log
verification.

GPC sum word fail
votes (redundant
set comparison
verification).

from GPC error cumulative counters

Zero ("O") I/0 errors detected
from GPC I/0 error cumulative
counter

NOTE: Counter to be adjusted to
account for hardware (BTU's
and LRU's) powered off.

Zero (M0") fail votes by any GPC
in redundant set.

GPC~2, V9206046C
GPC-3, V9206056C
GPC-4, V9206066C
GPC-5, V920Q6076C
GPC-1, V920Q4770C
GPC-2, V9204847C
GPC-3, V920Q4920C
GPC~-4, V920Q5007C
GPC~-5, V9204998C

V91Q2030C through
V9102049C

Volg20526 through
Vo102056C
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Space Dvision
DISCRETE LIMIT
CHECK SOLUTIONS
PREDETER- CHECK
MINED e ANOMALY LISTING
PARAMETER > o SPONSOR <+  GPC DOWNLIST
LIMITS o NASA * VDS
e LRU's
DEBRIEF ING
YES o REPEAT
MECHANICAL
'?goﬁi;z'?' PASS ) PROBLEM? RUN

PROBLEM? | NO p REPORT
s PILOT ANOMALY
ERROR?

Figure 6.6-1 Discrete Limit Check Functional Flow Diagram
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OFF-LINE
S/M RESULTS
¢« TRAJECTORY
¢« VEHICLE

PROCEED
TO NEXT
CHECK

FIGURE 6.6-2

REASONABLENESS
CHECK VDS
* SPONSORS ¢ RECORDED
s NASA PARAMETERS
s FLIGHT CREW
DEBRIEF NG

GL% Rockwell International

Space Division

¢ MECHAN ICAL
PROBLEM?

= LABORATORY
PROBLEM?

* PILOT
ERROR?

YES
> REPEAT

RUN
NO REPORT
P ANOMALY

REASONABLENESS CMICK FUNCTIONAL

FLOW DIAGRAM
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7.0 TEST DATA REQUIREMENTS

The Pass/Fail Criteria presented in Section 6.6 specifies downlist
parameters and MML numbers required to satisfy the pass/fail limits,
In addition to the downlist parameters, VDS generated parameters are
required to demonstrate compliance with the pass/fail constraints,
reasonableness checks and post—-test analyses.

Data reduction requirements in terms of downlist and VDS parameters
wlth their associated 1dentification numbers are listed in Table 7-1.

SAIL data acquasition will be categorized into quick lock data and
normal data processing. The quick look data will be used for 1 day
reporting based on real time data to support rerun decisions and trouble-
shooting. Quick look data will also support a 5 day report. Normal

test data processing will be utilized for the Flight Readiness Review
and the Test Agency Repoxt.

Real time data processing will consist of analog strip charts, X-Y
plots and the TOC application program. The analog strip charts will
record VDS parameters, flight system parameters and external box
parameters such as MMES, SAAS, etc. X-Y plots will record ag{,and

a $ versus Mach Number and ground tracking parameters. The TOC
application program will contain 30 selected parameter discretes and
variables from the pass/fail criteria. Capability will exaist for end
of run hard copies with a summary of minimum-maximum valves, flag of
pass/falil violations and a summary of discretes and the corresponding
GMT.

The quack look data processing will utilize the VDS prantout which
will read and store selected parameters at key points along the tra-
Jectory and will be printed out after each test. Pass/fail criteria
data processed from the TOC application program will be processed on
a 24 hour turnaround basis and will be ancluded ain the 5 day xeport.
The Quick Look Statzon will have the capability to process TICM or
CDT data and will be able to be utilized for troubleshooting on ver-
ification tests.

Normal test data processing will utilize CDT to provide continuous
time history plots of VDS and flight system parameters. Multi-plot
capability will exast for up to six data parameters as well as micro-
falm capability of selected parameters. The FR1400 Data Tape will
supply a micreofilm of all PCM flight system discretes and variables
specified in the pass/fail criteria as well as continuous data on an
as required basis. A 72 hour turnarcund 1s scheduled.

Figure 7-1 shows the SAIL COFT configuration with its varicus data
processing interfaces.

SAIL Data Processing Requirements along with the parameter charac—

teristics such as scaling, units, time intervals and i1dentification
numbers are listed an Appendix C.
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ASCENT_FIRST. STAGE_GNE&C SIMULATION_VARIABLES _ . ..
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PF™ 8C CR Xy D°r

= SNAPSHOT

TABLE 7.0 -1

DOWNLIST OR £SSR CSMP PARAMETER SN
DUMMY MML___ SYMBOL___ __SYMBOL___ L | ' l
IDENTIFICAT. ' A | { .
1 i '
YIME TIME FROM SRB IGNITION A ° l s o
T™E MISSION ELAPSED TIME el e
V95L0151C REL~VEL— GROUNT RELATIVE VELOCITY e =g —&
L MAG . __MAGN1TUDE IN M50 SYSTEM it
V95H0185C R—-AVGG CURRENT M50 POSITION VECTOR *» o A e e
VS5HO166C | a ;
VI5HG187C o . , | i i
V95L0190C V-AVGG CURRENT M50 VELOCITY VECTOR & - -
V9SLOL9LC i ; i
V95L0192C. o _ o | | i
V95402000 T-STATE TIME TAG FOR CURRENY STATE VECTOR - $--——8
V-1RU-0OLD CURRENT ACGUMULATED IMU VELOCITY 'l —— -
" e wicTOR l : | 1
X V-RHO-MAG VRHOMG MAG. OF REL. VELOCITY IN M50 FRAME —(-—i— '—- SRR
™, V-RHG RtL VELOCITY VECTGR IN M50 FRAME R R L ~1- mbe e p s
e e e e e [ 4
! ! ' H
V95P3170C Q-BAR~A DERIVED ASCENT BYNAMIC PRESSURE i ST T
V95H0175C S 2 H ____._ALT1TUDE,F1SCHER ELLIFSOID S e A S
g 3 H TALTITUDE,FISCHER FLLIPSOID N LR it R
=3 RAD RADIAL DISTANCE FRUM CENTER OF EARTH - —}—— Rk e
e 8% . VREL ____ RELATIVE VELOCITY e e e 4@ - ¢
o VREL RELATIVE VELUCITY . T"“"";‘—“"" -7
= Y GARD KRELATIVE FLIGHT PATH ANGLE SO SV Y - e
E,?; . GARD __ _ RELATIVE FLIGHT PATH ANGLE -t -+—- i i ; 4
e PSRD GRUJND TRACK ANGLE FROM NORTH el T b Rl 7
2 & LAD EARTH LONGITUDE — -t 8
e _LYD __ EARTH LATITUDL - = { B
VIDH1044C PHI PHICMD ROLL ATTiTURE COMMAND —— - - i -1 g
THETC THECMD PITCH ATTITUDE COMMAND - -——— ----] - &
3 PST __ PSITMD __ YAW AYTITUDE COMMAND, — —_--—w-—#—-- - -+ 8
§-GCE=T " QGLEI M50 INERTIAL-TO-COMMANDED BODY —l - R
QUATERNION ' ‘
|
1 i
VSOUL1948C K—-CMD THROC SSME THROTTLE COMMAND e —+-—— —
THROTL __ SSME ACTUAL THROTYLE SETVING I + - | —]
P/F = PASS/FAIL SC = STRIP CHART €R = CRT XY = XY PLOT DP = DIGITAL PRINTOUT
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VO0ULl961C

Ve4u3822C

t

—_——g— — -

"V95P3011C

VI0L1947C
Vo0U1962C
VOOH2202C _

Ve0K2217C
VeaH22300

1
w

VIOLOB4TC

V35H3 1560

e e

LLL

VIQHZ 24 5C

vVe5P3170C

b g e— -

. AX

TT Tt T PF_SC__CR _XY_DP

4

i
-—? ‘-'

JIXX1__ . MOMENT OF INERTIA.BODY X-AXIS___ | i— ¢ - -
I¥Y1 MUOMENT OF INERTIA,B0DY Y~AXIS I R TEEEY S
1771 MUMENT OF INERTIA,BODY Z-AXIS et BEECICE S S
IXZ1 _____ PROJUCT OF INZRTIA,BODY X & Z AXES _———} ~—% —8- -—-
XLG1 CG. LOCATION X-COMP.yET AXES IR REEY T
XCG2 CeGo LOCATIONyY—COMP.,ET AXES S =
XC63 ___ CeGa LOCATION+Z-COMP. oET AXES R b Ity SRR R
MURBET  GUIDANCE ESTIMATED MASS, ORB.+ ET  —i— i |
MASS ACTUAL MASS FROM SIMULATOR ENVIRON. -~ {- -~-f- -®—- |
THRUST ___ ATMOS. THRUST, ORBITER NO. 1 "l"" I-- +- : 4
THRUS2 ATMOS. THRUSTs ORBITER NO. 2 SRR -~; -
THFUS3  AINOS. THRUST, OREITER NO. 3 S -t
THRUS4 ___ ATMOS. THRUST, SRB NO.4 =L S BRI &
THRUSS ATMOS. THRUST, SRB NO.5 29 -e - -
THR 54 S MISMATCH, (THRUSS5-THRUS4) e B ~-1—w—d
WEIGHT __ TOTAL VEHWICLE WEIGHT SN 1= S "9
w wl - i
VHEOUT  AOA/ATO REFERENCE VELGCITY éjjgnn— °
____ PITCH/Y/W POLYNOMIAL INDEX & - -
NS5 ME NC. Of ACTIVE SSME'S Ead - - 4
VIND INDICATED RELATIVE VELOCITY = i R I &
PHID ___ ROLL ATTITUDE (EULERY _ e a- b 4
THETD PITCH ATTITUDE (EULER) SRICEEE RN T S
PS1D YLW ATTITUDE (EULER) M B P
XOR ____ X—COMP.,PUGSITION, CONNRANGE FRAME S S -
YLT ¥-COMP. ,POSITION, DOWNRANGE FRAME Sl el n
WAZ WIND ANGLE FROM NORTH s SR S A
WINOL _  wIND VELOCITY . " e - 'L T
MACH MACH NUMBER,NAV DERIVED RN AR :t'" :
MACH MACH NUMBER SR SR RE SR &
ALD ____ ANGLE OF ATTACK _ (—= - A "f
ALD ANGLE OF ATTACK ' s s e Rt RS DI
8ED SIDESLIP ANGLE e e Sl AR e
BED __ SIDESLIP ANGLE ) e e ——
QER DYNAMIC PRESSURE (GNEC) R e T &
QBR DYNAMIC PRESSURE (NAV. DERIV.) - i Kb St
GER__ __ _ DYMAMIC PRESSURE L IR R R |
GALD PROD.»DYNe PRESS. X ANGLE OF ATTACK —@— -g-—-&-- q---i~
GBED PRODa»DYN. PRESS. X SIDESLIP ANGLE '—&— ¢- —8— ¢-- -&.
;e —._ ACCELFRATIONy X~COMP.,B0ODY Axss“___;—ft—~ e B e o
AY ACCELERATIONy Y-COMP.,B0DY AXES - —--$ S -i
AL ACCELERATION, Z-COMP.,BODY AXES — i Al B
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4 .
- - - T B o T ”‘-‘_ff__;(:___c,g__ Xy _Dbp S;N“f“ -
i | t ,
I ' i
- NYA  ____ LOAD FACTOR, Y-COMP.,BODY AXES____ — ——4— ¢---. ! : —
NCA LOAD FACTOR, Z~COMP.,B0OOY AXES i Jebal | -
NYREF REFERENCE LATERAL ACCELERATION - SOl R
— - e+« ——_ NIREF _._ REFERENCE NORMAL ACCELERATION _ R A e
NZERR NMNRMAL ACCELERATION ERROR | - i
NYERR LATERAL ACCELERATION ERROR - ! SRR EENEE
.. PORE____ PORB . __ ROLL .RATE,ORBITER RATE GYROS __ —$—-b - ¢- S SR S
QORB QORB P1ICH RATC,ORBITER RATE GYROS e e T S ¢
RORB ROR B YAd  RAVE,ORBITER RATE GYROS B S anta SR TR
I, — QSRBLFT __ P1ICH RATELLEFT SRB RATE GYROS — * R
GSRBRCT  PITCH RATI,RIGHT SR3 RATE GYROS - t-~r-
v RSRBLFT  YAW  RATEZLEFT SRB RATE GYRDS e Sl T
e RSRERGT__ YAX ~ RATE,RIGHT SRB_RAYE GYRQS _ |—e-—¢- ﬂn-[;u—+w~-o -
VI5H3528¢C PL BUDY PATE, X—-AXIS R R e I ¢
: PO BODY RATEy X~AX1S R e Ly S I
L V95H3526C _ . __ _ _ QD __ ___BODY RATE, Y~AXIS _ e - & ¢ - -9 b - .
' QD BGUY RATE, Y~-AXIS ’j-—-—-f --—i:-——- .- - I :
' VG5H3527C RO BODY RATE, Z-AXIS I~ e - -
NPT RD ___..BODY RATE, Z-AXIS e e i - - T- —e
n DPD ROTAT. ACCEL. ABOUT BODY X-AXIS s S et [T
: DRD ROTAT. ACCEL. ABOUT BODY Y-AX1S et e e B R el S
R £7:1 | ROTAT. ACCEL. ABOUT BODY Z—AXXS._ e
. ODLIBPC ELEV. COMMAND,LEFT INBOARD —-|—
DLOBPC ELEV. COMMAND,LEFT QUIRDARD —r
» _ DRIBPC___ ELEV. COMMARD,RIGHT INBOARD _
‘ DROEPC ELEV. COMMAND yRIGRT OUTBOARD ~—f -
! ' ELV(L) ELEV. DEFLECT.,LEFT INBOARD —g—— O —
e e e o ELVA{2)  __ ELEVe DEFLECT.oRIGHT INBOARD I e o
! ELV(3) FLEV. DEFLECT.9LEFT OQUTEBOARD L T
: ELV (4) ELEV. DEFLECT.,RIGHT GUTBCARD ——
: UELVI ___ ELEV. RATE,LEFT INBOARD _ —f—- -
- ELEV. RATEyR1GHT INBOGARD e
; DELVG ELEV. RATE,LEFT OUTBOARD —
e ELEV. RATEyRIGHT QUTBOARD _ e el
' ACTHME1) ELEV.ACT. HINGE MOM.,RIGHT QUTBOARD —|-
ACTHM(Z) ELEV.ACT. HINGE MOM.,RIGHT INBOARD -
L ACTHMI3) __ ELEV.ACT. HINGE MOM.,LEFT __ QUTBOARD
' ACTENM(4) ELEV.ACT. HINGE MOM.,LEFY  INBOARD —F-
| V95H3528C WFBIF3 WFBIFB1  BODY ROLL RATE COMMAND ~—1—
' VO5H3526C e _WFBIFBZ __BODY PITCH RATE COGMMAND. T
' VY5H3527C WFBIFB3  EODY YA4 RATE 'COMMAND s
' VI5H3523C EBFB1 BODY ATTITUDE ERROR.ROLL ——p ==
—V95H3521C EBFB2 BAODY_ATTIYUDE ERROR.PITCH -




T - - 0" Tt T iPF SC CR XY DP SN
V95H352zC EBFB3 ____BODY ATTITUDE ERROR,YAM i U T G guage—
QFDEK P1TCH RATE FDEK ERROR - oy
RFDBK Y2W  RATE FDBK ERROR - %— . 1 —
. . _ ._.__DPTVC __ ROLL TVC ERRDR _. _ : R
DATVC PITCH TVC ERROR - T T o
DRTVC Y& TVC ERROR — b e o e e | -
IPTVCE____ ROLL ATY ERROR INTEG __ e = b R
DQIVCI PITCH ATT ERROR INTEG — - et Sl ST
DRTVCI YAd ATT ERROR INTEG —¢ P—o—-
- GOMPST, _ P1TCH TVC TRIMyMPS el e
DQSRBY PITCH TVC TRIM,SRB —]- - B
. DPOREG £0DY ROLL ATTITUDE CMD, ORBITER —fem - oo
OGORB____ _EBODY PITCH ATTITUDE CMDy CRBITER__ —+ ——— - 4 e
DRORB BODY YAW ATTITUDE CMD, ORFITER R Tt o Ll
DPSKB BODY ROLL ATTITUDE CMD, SRB i =
. - . .. DQSRB ____BODY PITCH AYTITUDE CMD, SRB  _  _--f=——r- SR e S
3 DRSRB BODY YAW ATTITUDE CMD, SRB - . Q
o DEY (1) ENGINE POSITION (PITCH), NO. 1 ENG. ¢ S * =
DYCX oYC1 COMMAND PITCH GIMBAL_ANGLE_FROM_NULL R —
NGe 1 ENGINE S
DEY (2) ENGINE POSITION (PITCH), NO. 2 ENGe —t— o — SO - g
e~ DYC2____ _.DYC2 __ _ COWMAND PITCH GIMBAL ANGLE. FROM_NULL - e
ND. 2 ENGINE P v
DEY(3) ENGINE POSITION (PITCH)y NO. 3 ENGe —F —H— - .-
DYC3 DYC3 _ COMMAND PITCH GIMEAL ANGLE_FROM_NULL O
NO. 3 ENGINE . P
DEZ (1) ENSINE POSITION (YAW), NO. 1 ENG. - | -- P » -
e e 0ZCL ... DZC1L _ COMMANDED YAW GIMBAL ANGLE FROM NULL e
NG. 1 ENGINE ! <
DEZ (2) ENGINE POSITION (YAW), ND. 2 ENGs —t—@—- e F—
D2C2 DZC2_ _ ___ COMMANDED YAW GIMBAL ANGLE _FROM_NULL ~—~- —|—— T-—— '
NO. 2 ENGINE ' |
DEZ {3} ENGINE POSITION (YAW)y NOD. 3 ENGe —|--—g - i——g’ E’?
o _bDze3 - DIC3 _ COMMANDED YAW GIMBAL ANGLE FROM_NULL ———- - - -8 2
NO. 3 ENGINE o 3
DR&4P ROCK DEFLECTION CMD, SRB NO. 4 — = -—-5 @
DRSP ____ ROCK DEFLECTION CMD, SR8 _NO._5 e T - —g =
DT4P TIiLT CEFLECTION CMDy SRB NO. 4 S R - =1
DTSP TILT DEFLECTION CMD, SRB NO. 5 e | - — o
_ DEY(4)_____ ENGINEZ PUSITION (PITCH)y NO. 4 ENG._ * T o 3
GIMBAL AXES l; 2
/ DEY(5) ENGINE POSITION (PITCH)y NO. 5 ENG. — o
GIMBAL AXES : 7 3
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- - DEZ(4) __ ENGINE
GIMBAL AXES 5
DEZ{5) ENGINE POSITION (YAW), NO. 5 ENG.
e GIMBAL AXES - -
DDEY{1) ENGINE RATE (PITCH), NO.1 ENGINE
GDEY(2) ENGINE RATE (PITCH)y NDLZ ENGINE
_DDEY(3) EANGINE FATE (PITCH)y NOo3 ENGINE
DDEY(4) ENGINE RATE (PITCH)y NOo4 ENGINE
GIMBAL AXES
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. DOEZ(1) ENGINE RATE {YAW)y NO.1l ENGINF
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e e __ GIMBAL AXES . o
DDEZLS) ENGINE RATE {YAW), NO.5 ENGINE
Py GIMBAL AXES {
@ FYSLSH ___ TOTAL SLUSH Y FORCE
FZ5LSH TOTAL SLOSH Z FORCE]
LSLUSH TOTAL SLOSH ROLLING MOMENT
— e e MSLOSH _ . TOTAL SLOSH PITCHING MOMENT L
NSLOSH TOTAL SLOSH YAWINtG MOMENT
ZTALH LHZ DAMPING RATIO
ZTALX _ _ LUX DAMPING RATIO
BMGALH LH2 SLOSH FREQUENCY
' OMG ALX LOX SLOSH FREGQUENCY
e . . StOkd MPS EJ FAIL FLAG i
SEQE2 MPS E2 FAlL FLAG
SEOE3 MPS EZ FAIL FLAG
e e e e MAJUR MODE 102 FLAG
S16 STAGE 1 GUIDANCE DISCREET
ATT CMD STEERING MOGE COMMAND
o . FRZCMD = FREEZE DESIRED BOGY CMD FLAG_
MNL~STG1 MANUAL #ODE STAGE 1 FLAG
SRB~SEP- SRE SIPARATION CMD ELAG
CMD~FLAG ) i L L
OFBSEPR SRB SEPARATION SUBPHASE FLAG
SSME FAILURE STATUS FLAG
_ —~-AFCS~FIRST-~ ____ _ _FIRST-TIME ASC-DAP SCHEDULE_FLAG —=
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POSITION (YAW)y . NOo 4 ENGa.—

E

“TU pF_SC_CR_XY DOP SN
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R-0ORB SELECTED RGA YAW RATE
NY
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_SELECT.
SELECT.
SELECT.
SELECT.

ELEV.FEEDBACK yLEFT

SELECIED AA LATERAL ACCELERATIDN
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| V95L0190¢ V-AVGG CURRENT M50 VELOCITY VECTOR
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A -- - - - m e TPF SC CR XY DP SN
| —1 ] ! |-
WINDL ____ WIND SPEED . R e e B e
WAZ WIND BIRECTION FROM NORTH SRR CE S -
EVENT EVENT COUNTER (28429,30y ETC.) ~-~—-«—-0—‘r el - @ -
V9SHO 1756 H ALTITUDE,FISCHER ELLIPSCID — i e —# - -0— __
H ALTITUDEsFISCHER ELLIPSOID Sm—— S
RAD MAGNITUDE OF POSITION VECTOR e e 2 -0 e—
VREL _____ EARTH RELATIVE VELOCITY S *"+“ ® o
VREL £EARTH ReLATIVE VELOCITY s Bl Sl R AL St
ViTOT MAG. OF INERTIAL VELOCITY —r = d’ * o -
VIYOT ____ MAG. OF INERTIAL VELOCITY s ety SR bl -
GAMMAI INERTTAL FLIGHT PATH ANGLE pmr el Bl e -? ®
< GAMMAI INERTIAL FLIGHT PATH ANGLE ek Skt ke : .
& AZMTHI INERTIAL FLIGHT AZIMUTH FROM_NORTH '~ -~ i "—:~ o -
GARD RCLATIVE FLIGHT PATH ANGLE « e - ? ~
GARD RELATIVE FLIGHT PATH ANGLE et - [ o e
e PSRD HEADING OF REL VEL VECTGR WRT NORTH, —— -|— & ] : -
LYD GEDDETIC LATITUDE GOF THE VEHMICLE ® - L4
LAD RELATIVE LONGITUDE OF VEHICLE ~- o - f °
- . _ DDRAD_____ RADIAL ACCELERATION,GEOCENTRIC — e b )
DRAD RADIAL VELOCITY,GEOCENTRIC e - - @ -
V9OH1941C TGO XTGO TIME-TO~GO TO MECO @ — e -
_V90ULY66C___ VGOMAG __ VGOMAG _ VELGCITY~TO~GO MAGNITUDE = __ * ———t— b=
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NXGS LOAD FACTOR, X~COMP.,BODY AXES
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______ — e e eee . LSTOT ___ TOTAL SLOSHING ROLL MOMENT
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VITOT ___ MAG. OF INERTIAL VELOCITY .. _ P el
V1107 MAG. OF INERTIAL VELOCITY panis e
GAMMAT  INERTTAL FLIGHT PATH ANGLE —- - @ 1 e & -
. _ GAMMAT _ INERTIAL FLIGHY PATH ANGLE _ - D P
AZMTHI INERTIAL FLIGHT AZIMUTH FROM NORTH — ©- -9 -
PSRD MEADING OF REL VEL VECTOR WRT NORTH —-—— --—f-—-—“~*" -
L L LYD _GEGDETIC LATITUDE OF THE VEHICLE ___ — 7 - > & o & :
LAD RELATIVE LONGITUDE OF VEHICLE - - ® o ‘ -
DRNG DOWN RANGE,LAUNCH STTE TO VEHICLE  —f—-~ cm e - - e -
V90U1954C LAMC  LAMC __ COMMANDED THRUST DIRECTION - - -y b
VoouL1955C i I .
VI0UL1956C i i
L GARD ___ RELATIVE FLIGHT PATH ANGLE _ — P @ | 9 - _
GARD RELATIVE FLEGHT PATH ANGLE e -~ “——[—-- e
INERFIAL FLIGHT PATH ANGLE e el S :
o . INERTIAL FLIGHT PATH ANGLE _ _ _ - - —- .
VR0U1957CA L AMDC LAMDC COMMANDED THRUSY TURNING RATE VECTOR- | - o - - |- ="
VQOU1958CA _ | |
VS0U1959CA ] u L o i
DOR AD RADIAL ACCELERATION,GEOCENTRIC - @ - - -
DRAD RADIAL VELOCITY,GEOCENTRIC ¢ o o @
R LAMUMG _ TURNING RAYE MAGNITUDE = S St A -
VIOW1953C TLAMC TLAMC TIME ASSOCIATED WITH LAMC s - i |
VoOW1941C TGO XTGO T IME-TO-GO b — S P
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) EMI SS VELOCITY CONYERGENCE CRITERION s |-
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AX __  ACCELERATIONyX—COMP.,BODY AXES EEE s el AR IR

AY ACCELFRATION, Y~COMP.480DY AXES b :— ai Riaid Rl
| AZ ACCELERATIONZ-CGlPeBODY AXES - - - ® - -
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_pYc2 COMMAND PITCH GIMBAL ANGLE FROM_NULYL-
NO. 2 ENGINE
DEYA(3) PITCH GIMBAL. ANGLE FROM NULLy -
o NO. 3 ENGINE _° - .
bYC3 COMMAND PITCH GIMBAL ANGLE FROM NULL-
NO. 3 ENGINE
DEZA(L)  Y&H GIMBAL ANGLE FROM NULL _ ___ -
ND. 1 ENGINE
DZCI - CCMMANDED YAW GIMBAL ANGLE FRONM NULL
_ _NDs 1 ENGINE o
DEZA(2) T Yid GIMBAL ANCLE FROM NULL r-
Nil. 2 ENGINE
_pzc2 COMMANDED YAW GIMBAL ANGLE FROM NULL-
NO. 2 ENGINE
DEZA(3)  YAW GIMBAL ANGLE FROM NULL -
_ NO. 3 ENGINE
DZIC3 COMMANDED YAW GIMEAL ANGLE FROM NULL-
NGe 3 ENGINE .
NYAWJA __ NC. OF AFT YAW JETS FIRING _  _  ——
NYARJE ND. OF FHD YAX JETS FIRING ~ -
NZRAFT NO. RT.AFT PLUS/MINUS Z JEYS FIRING |
NZLAFT___ ND. LT.AFT PLUS/MINUS Z:.JETS FIRING * -
NXJETS NO. OF PLUS XRCS JETS FIRING )
NZEWD NO. OF FWD PLUS/MINUS Z JETS FIRING -

SRB SEPARATION COHMAND FLAG -

GUIDANCE READY FLAG

MPS GUIDANCE CUTOFF TASK DISCRETE —-

FLAG

t
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e
0® 900d 40
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I"PF SC GCR_ XY DP SN |
I ‘ |
MECO COMMANDED FLAG AR - 4 N
MECO CONFIRMED FLAG oy e R
AUTC SEP MNVR COMPLETE ol b -
S — e e e —.. OPS 104 PRO FLAG, _ _ -—-[ e i L
BURN ENABLE ol e i R i S
O%S CUTOFF CONF IRMED - boo- t > -
OPS 105 PRO FLAG _ oy TyTTTTL, T .
OPS 106 PRO FLAG R R
RILS ABCRT REQUEST FLAG SRR S B R el
et e e+ i ei o .. _. ADA ABORY_REQUEST FLAG_ L T T e
ATO AEORT REQUEST FLAG — e e e - — - -
: | i
[V — ——— - e —mt mrr—— o —————— @ mr e v————— i l ———— i 18
ASC MNVR DIP GNLC SIMULATION VARIABLES |
DOWNLEST OR _ FSSR _ __CSMP _ __ PERAMETER L . o
DUMMY MML SYMBOL  SYMBOL ‘
IDENTIFICAT. ! |
— e m e e — - . " | ! —_—
TIME FROM SRB IGNITION SRR I Ty T
MISSION ELAPSED TIME T T Bl B
V95L015IC | REL=VEL— _ _ ___ = GROUND RELATIVE VELOCITY. e B R B e R et
MAG MAGNITUDE IN M50 SYSTEM i '
VS5HO185C R-AVGG CURRENT M50 POSITION VECTOR - S I DI BT o -
_V9SHOleeC o ; —
VI5H0187C l .
V2oL0150C V-AVGG CURRENT M50 VELOCITY VECTOR T Y - -
VO5L0191C e ) .
VS5L01920 T
VO3H0200C T-STATE TiIME TAG FOR CURREINT STATE VECTOR -~ ! - SR S S S ’——
. _V-IMU-OLD ___ ____ CURRENT ACCUMULATED IMU VELOCITY _ — | --|-- N NN 4
VECTOR : = v T
) V-RHO-MAG MAG. OF REL. VELOCITY IN M50 FRAME ~— f=- - — —f— - € 3
R . V-RHO  _  ___ REL VELOCITY VECTOR TN M50 FRAME ____ —- 3 2
' g E
' t i 5 O
- V-CROSSRANGE _ _~ IWNLRTIAL VELOCITY COMPONENT NORMAL - N ®—g =
TO NOMINAL ORBIT PLANE =
V95P3170C Q-BAR-A DERIVED ASCENT DYNAMIC PRESSURE t - - — - ®
e o = - — . V=INERTIAL~ __ _ _ INERTIAL VELOCITY MAGNITUDE, _ - ~f -~ ®-— 3
MAG M50 SYSTEM - o
WINDL WIND SPZED I = |- B
WAZ WIND_DIRECTION FROM NORTH - |- Attt B




CGAMMAL |

TVISHOLTSC

| V9010847C

e

P P
)

w

c

EVENT“___“EVENT COUNTER (28.29,30, ETCal) ‘

H
RAD

VREL

VREL

MACH __

MACH
VITOT

VITOT __ .

GARD _

GARD
GAVIMAIL

AZMTHY
PSRD

Lyd ____

LAD
DDRAD

_ DRAD __

POSERR

,POSTYANEUVER TARGET MINUS CURRENY

ALTITUDEFISCHER ELLIPSEID =
ALTITUDE,FISCHER ELLIPSOID

__ MAGNITUDE OF PDSITION VECTOR et

EARTH RLCLATIVE YELOCITY ——

EARTH RELATIVE VELOCITY -
MACH NUMBER oNAV DERIVED __ =
MACH NUMBER

MiG. OF INERTIAL VELOCITY A

_MAG. COF INERTIAL VELCCITY _ num A

POSTMANEUVER FARGET MINUS CURRENT -
APOGEE ALTITUDE

RELAT IVE FLIGHT PATH ANGLE ___ o
RLLATIVE FLIGHT PATH ANGLE -
INERTIAL FLIGHT PATH ANGLE -
INERTIAL FLIGHT PATH ANGLE

INERTIAL FLIGHYT AZIMUTH FROM NORTH —- | -
HLADTNG OF REL.VEL VECTOR WRT NORTH — -
__ GEQPETIC LATITUDE OF THE VEHICLE - -
RELATIVE LONGITUDE OF VEHICLE -t

RADIAL ACCELERATION,GEOCENTRIC -
RADIAL VELOCITY,GEQCENTRIC — —

MAG. OF VELOCITY VECTOR ERROR, -
ENVIRON. MINUS NAV, VALUE

PERIGEE ALTITUDE
MAG. OF PNS1TION ERROR VECTOR, P
ENVIROV. MINUS NAV. VALUE

TTHRUST (1) THRUST OF SSME NO. 1 -—
THRUST(2) THRUST OF SSME NO. 2 -
THRUST(3) THRUST OF SSME NO. 3 : -

" y9oHZ202C

| VOOH2217C
. V9QH2230C

omst
WEIGHT

CUR=HA
CUR~-HP

TMPS
TOMS
TRCS

_DRNG
PHI BD

THEBD
PSIBO

TOTAL THRUST, SSME ENGINES aile
TOTAL THRUST OF OFS INGINES

. THRUST QF TX RCS JET

MPS USEABLE PROPELLANT REMAINING
RES USEABLE PROPELLANT REMAINING —_-
TOTAL VEHICLE WEIGHT -

CJRRENT APOGEE ALTITUGE | '

CURRLNT PERIGEE ALTITUDE =

DOWN RANGE.LAUNCH SITE_TO VEHICLE -

ROLL ATTITUDE (EULER}) -
PITCH ATTITUDE (EULER) :
YiW_ATTITUDE (EULER) e
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| PFsC ﬁR XY DP SN
| {
TTX . o TIME~TO-NEXT APSIS. .___ EUU B l T
EBDB1 BODY ATTITUDE ERROR VECTOR FOR - l ‘ | .
DISPLAY . l
e TTX~FLAG- . NEXT APSIS OR CIRCULAR ORBIT_FLAG _——— |- ~ | o e
DISP - .
WFBIFB WFBFB1 BODY RATE COMMAND yROLL - -—f$f-t~——i—- S &
WFBFB2 BODY RATE CUMMAND,PITCH - -l -
WFBFB3  BODY RATE COMMAND,YAW R J
V94U320CC VGa-DISP VGO IN CURRENT BODY COGRDINATES s et TEE B P
V94U3LO1C, —— . . . . |
V94U3802C = | ;
V95H3528C PD ACTUAL BODY RATE, ROLL ® i -
e . PD ACTUAL 80DY RATE, ROULL_ __ ——t— e - - i
PORS PORE ROLL RATE,DRBITER RATE GYRGS e e B = ol e i
V95H3527C Qo ACTUAL BODY RATE, PITCH S T e e B 1
. e QD _ __ _ ACTUAL BODY RATE, PITCH |, __ e el AR dhen It
QORB QORB PITCH RATE,ORLITER RATE GYROS - pe- RN B
VO5H3526 RD ACTUAL BODY RATE, YAW -
. e e___.RD ACTUAL BODY RATE, YAW _ .. _.
RORB RORE Y% RATE.ORBITER RATE GYROS
V50U19656C DV-TOT VED MAGNITUDE
) R DPD _ . ROTAT. ACCEL. ABOUT BODY X-AXIS
D% ROTAT. ACCEL. ALOUT BODY Y—AXIS
DRD ROTAT. ACCEL. ABOUT BODY Z-AXIS
NSSP3011C, ______ __WBR____ DYNAMIC PRESSURE {GN&C)_
Vg5P3170C QBR DYNAMIC PPESSURE (NAV. DERIV.)
QRR DYNAMIC PRESSURE
o __ _ _VEH-PITCH . PREMANEUVER ATTITUDE,PITCH_____
VEH-Y AW PREMANEUVER ATTITUDE,YAN
VEH-ROLL PREMANEUVER ATTITUDE $ROLL.
VI5H3156C ALD ____ANGLE QF ATTACK
ALD AhuLE OF ATTACK
VGOH2249C BED SIDESLIP ANGLE ' *
o BED . SIDESLIP ANGLE r
ACTUAL MENUS PREDICTED VGO t
1
_— - - N
3 AX " ACCELERATION, ¥~COMP.,B0DY AXES —
S AY ACCELERATIUN Y~COMP,. »BODY AXES +
_ . N AL . ACCELERATION,Z-COMP.,ROOY AXES +
NXGS LUAD FACTOR, X-COMP.,EODY AXES -
NYGS LOAD FACTOR, Y—-COMP.,BODY AXES
NZGS LOAD FACTOR, 2-COMP.,BODY AXES




-
i

o NTGS TOTAL LOAD FACTOR __ ..  __ I
V9413804C EXT.DELY VECTOR IN M50 COORDINATES -
V9413805C i
V94138060 . ! R ' _
i LSTOT TOTAL SLOSHING ROLL MOMENT -
MSTOT TOTAL SLOSHING PITCH MOMENT -
NSTOT _ TOTAL SLOSHING YAW MOMENT_ —
FYS SLOSH FORCE,Y-COMP.yBODY AXES e
FIS SLOSH FORCE,Z-COMP..BODY AXES -
_ _  ZIALH __ LHZ DAMPING RATIO o —
ZTALX LOX DrMPING RATIC -
OM1LH LH2 SLOSH MASS NATURAL FREQUENCY
OM1LOX LOX SLOSH MASS NATURAL_FREQUENGCY
RT RT TARGET POSITION VECTOR -
Q-CB-M50 M50 TO COMMANDED BODY QUATERNION -
PCID ROLL TRIM INTEGRATOR -
R . 09 | ROLL YRIM INTEGRATOR -
Gclo PITCH TRIM INTEGRATOR JF—
RCIO YAW TRIM INTEGRATOR : -
e u. DMORBT _ CRBITER PITCH TRIM o -
4, DPTVC R2LL SIMBAL ANGLE COMMAND —
= DTV FI1TCH GIMBAL ANGLE COMMAND e
i o DRIVE Yaud GIMBAL ANGLE COMMAND -
DIEY{Z) PITCH GIMBAL RATE, NO. 2 ENGINE —
DDEY{3} PITCH GIMBAL RATE,; NO. 3 ENGINE —
o L _DDEZT1)__ YAW GIMBAL PATE, NO. 1 ENGINE@gz ——
DDEZL2) YAW GLIMBAL RATE, NO. 2 ENGINE -
DDREZ(3) YIH GIMBAL RATEs NO. 3 ENGINE
V95H3523C = EBFB_ EBRFLYL  BODY ATTITUDE ERRORSROLL  _ +
VI5H3IS21C ERFR2Z BCDY ATTITUDE ERROR4PITCH —_—
V95H3522C EBFB3 B0DY ATTITUDE ERROR,YAW —
) DEYA(L)  PITCH GIMBAL ANGLE FROM NULL, -
NDe 1 ENGINE ;
DYC1 DYC1 COMMAMD PITCH GIMBAL ANGLE FROM NULL
L NOla 1 ENGINE o S
DEYAL2) PITCH GIMBAL ANGLE FROM NULL, |—
NO. 2 ENGINE ‘
DYC2 DYC 2 COMMAND PITCH GIMBAL ANGLE FROM NULL -
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T |
|

e , .. NB. 2 ENGINE . _ _ _ _ . ___ . .
DEYA(3)  P1TCH GIMBAL ANGLE FROM NULL, -1 -
NO. 3 ENGINE |
i e .. DYC3___ DYC3 _ _ COMMAND PITCH GIMBAL ANGLE_ FROM NULL e s phal
NO. * ENGINE | |
DEZA(L)  YAW GIMBAL ANGLE FROM NULL el MR T :
. _.____ND. Y ENGINE_ _ P L
DZcl p2Cc1 COMMANDED YAW GIMBAL ANGLE FROM NULL B e
NJ. 1 ENGINE !
YA GIMBAL ANGLE FROM NULL___ 1 i
NO. 2 ENGINE | b
. DIC2 DIC2 COMMANDED YAW GIMBAL ANGLE FROM NULL! | -1 S
. NO. 2 ENGINE o ' |
DEZA(3)  YAW GIMBAL ANGLE FROM NULL ’ -
NO. 3 ENGINE ‘
me—ee ___ DZC3_ __ _ DZC3 _ COMMANDED YAW GIMBAL ANGLE_FROM NULL o = e
NB. 3 ENGINE P
NYARJA  NO. OF AFT YAW JETS FIRING e Hads s e S B
NYAWJF___ NO. OF FWD YAW JETS FIRING ____ __ - ;
a NZRAFT ~ NO. RT.AFT PLUS/MINUS Z JETS FIRING - - -~ {- = - { — I-
& NZLAFT  N3. LT.AFT PLUS/MINUS Z JETS FIRING - S ¥
v NXJETS __ NO. OF PLUS XRCS JETS FIRING __ _ ___~ | -
NZFND NO. CF FWZ PLUS/MINUS Z JETS FIRING — - |- §
. SRB SEPARATION COMMAND FLAG e S
GUTDANCE READY FLAG__ P

1
H
i
i
i

___DEZA(2)

ey

' FLAG :
MrCO COMMANDED FLAG *
MECO CONFIRMED FLAG t
AUTO SEP MNVR COMPLETE '
+
.

1
!
}
i
.
MPS GUIDANCE CUTDFF TASK DISCRETE - -| -+ ~l-—{ ~-i—--
' !
i
I

1
P

OPS 104 PRO FLAG
BURN ENABLE

OMS CUTOFF CONFIRMED L SR -
OPS 105 PRO FLAG -
0PS 106 PRO FLAG 1
RTLS ABORT REQUEST FLAG —-
AOA ABORT REQUEST FLAG - -
ATO APORT REQUEST FLAG -

uoisialg 9oedg

SRB SEPARATION, OPERATIONAL MEASUREMENTS

- - e el

DOWNLIST OR DOWNLIST OR PARAMETER .
. DOWNLINK DOWNL INK l




_IDENTIFICAT _IDENTIFICAT..

LEFT SRB

BS5E1100C
8S5€1101C
B58H1150C
B58HL151C
R4TPL300C

B47TP1301C _ )

B4TP1302C
B76V1600C
B76VI6OIC
B5S5V1605C
B55V1606C
B55V1607C
B55V1608C
B55V1609C

B55V1610C

B55V1611C
4BE5V1612C
LB55V1613C
WE55V1614C
' BESV1615C

855V1616C

B55X1869X

B55X1871X

BESX1LET2X

358K3750C

BSEK3754C

B5BP1311A

B58P1315A

SRE SEPARAT ION,

DOWNLEST OR___ PARAMETER

DOWNLINK
IDENTIFICAT

veopPz535C
vVaGP2536C
_V90R2525C

TS ELECTED LEFT  PRESS SRB CHAMBER

™ PIWER, RSS RCVR SIG STRENGTH A

POWERy RSS RCVR S1IG STRENGTH B

PBSLITICN, TVC ROCK ACTUATCOR

POSITION, TVC TILT ACTUATOR

Ay
By
Cy

OPERATIONAL

SRH CHAMBER
SRM CHAMBER
SRM CHAMBER

BUS

A

OPCRATIONAL BUS B

FWD
FWD
AFT
AFT
AET
AFT
AFT
AFT
FWD
FRD
AFT
AFTY

THRYST PIN PIC CAP A
THRUST PIN PIC CAP B

UPPER BRACE PIC CAP A

UPPER BRACE PILC CAP'B
MIODLE BRACE PIC CAP A

MIDDLE BRACE PIC CAP

LOWER BRACE
LOWER PRACE
SEPN MOTORS
SEPN MOTORS
SEPN MOTORS
SEPN MOTCRS

PIC
PIC
PIC
PIC
PIC
pIC

LVENTy RSS SEA DEVICE SAFED
EVENTy RSS DECGDER A ON/CHK TONEOFF

EYENT, RSS DECODER B ON/CMK TONEOFF -

B

CAP
CAP
CAP
CAP
CcAP
CAP

WV WD

TVC ROCK SCTUATOR CONTROL A CMD
ACTUATOR CONTROUL A CMD

_DELTA PRESS SECONDARY_A_ROCK

RIGHT SRB

B55E2100C

BE5E2101C

B58H2150C

B58HZ151C

B847P2300C PRESSURE
_B47P2301C_______ _PRESSURE

B47P2302C PRESSURE

BT6V2600C VOLTAGE,
_B76V2601C _ VOLTAGE,

B55V2605C VOLTAGE s

B55V? 606C VULTAGE,

B55YZ2607C | _ _ . VOLTAGE,

BS5V2408C VOLTAGE,

B55V2609C VOLTAGE,
_BSSV2610C ___ ___ VOLTAGE,

855y2611C VOLTAGE ¢

B55V2612C VALTAGE

Be5y2613C _ ____ VOLTAGE,

855VZ614C VOLTAGE,

BS5V2615C VILTAGE
_BS55VZAL16C____ VGLTAGE,

B55X2H69X

BS5X2271X

B55X2872X

BL3K4 750C

BE8KATS4C TVe TILT
_ 858P2311A_

B58P2315A

e

|
1]
1

1

DELTA PRESS SECONDARY A TILT

ORBITER/SRE INSTRUMENTATION

81 gOVd TTVNIDIEO'

SELECTED RIGHT PRESS SRB CHAMBER
SELECTED LEFT_SRB PITCH RATE
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VOOR2526C SELECTED LEFT SRB YAK. RATE._
VOOR? 52 7C SELECTED RIGHT SRB PITCH RATE
VOOR2528C SELECTED RIGHT SRS YAW  RATE
V9OR5301C _ _SELECTED RGA ROLL RATE -
VI0R5321C SELECTED PGA PITCH RATE

VSO0RS534 1C SELECTED RGA YAW  RATE

VOOA5361C SELECTED AA LATERAL ACCELERATION
VYOA5361C SELECTED AA NORMAL ACCELERATION
V5SEHL100A MPS ENG 1 P ACTUATOR POSITION
VSHH115CA MPS ENG 1 Y ACTUATIOR POSITION

V38 H1Z00A MPS ENG 2 P ACTUATOR PCSITION
V58HLZ50A MPS EXG 2 Y ACTUATOR POSITION
VEEHI300A_ MPS EN5 3 P ACTUATOR PDSITION
V5SHI 7504 MPS ENG 3 Y ACTUATOR POSITION
VOOXE 193X SRB SEP MONITOR FLAG \
VOOX8330X . FUNCTION MODING FOR SRB ScP
VRGXEA3 IX SRE SEPARATION CO"MAND FLAG
VIOXB3I3IXK SRE SFPARATION INITIATION FLAG
VS0X1761X __SRB SPARATION SUBPHASE FLAG

V90OXS 340X SRB AUTO INHIBIT CREW ALERT
V90XB332X LH/RH SRD PC 50 PSTA FLAG
VOOXI1T713X STG1 GUID. DISCRETE .
VOX1 757X $7G STEERING MODE FLAG

VIO XE630% INITIATE STAGE 2 GUIDANCE
V90Qe001C, __ MAJOR MODE CODE o

V9O {1T714X FREEZE DESIRED Z0DY COMMAND FLAG
VSOX1 743X SRB TVC FOIR BYPASS PERMITTED
VIOXBE6IX MECO CONFIRMED FLAG o
VOOX1965X GUIDAMCE READY FLAG

VSOXLT763X SSME FAILURE STATUS FLAG

VI5X1207X _MPS EI FAIL FLAG _ e
VO5X1208% MPS EZ FAIL FLAG

V95X1209X MPS E3 FAIL FLAG

VOOXT5TOX __  SkL SHB SEPARATIOGN AUTO COMMAND
VYOXT47 IX SEL SRB SEPN MNL/AUTO ENASLE COMMAND
VI0XT572X SEL SGB SEPARATIC i INITIATE COMMAND
V58K1164C MPS EMG 1 P ACTUATOR A COV¥MAND
V5EK1168C MPS ENG 1 Y ACTUATOR A COMMAND
V5BK1264L MPS ENG 2 P ACTUATOR A COMMAND
V58K1268C _ _MPS ENG 2 Y ACTUATOR A COYMAND
V58K1364C MPS ENG 3 P ACTUATOR A COMMAND
VS58K136EC ., MPS ENG 3 Y ACTUATOR A COMMAND
VISH3521C BODY_PITCH ATTITUDE ERROR
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i

i

VI5H3522C _BODY YAW  ATTITUPE ERROR _
V95H3522C BODY ROLL ATTITUDE ERROR
V72HG925C LM ADI ROLL ATTITUDE ERRIR
VT2HC927C_______ LH ADI PITCH ATTITUDE ERROR
V72H0925C LH ADI YAW ATTITUDE ERROR
V72K8504X LH AD} ERROR SCALE — HIGH
_V72K8505X_ LH ADI EPROR SCALE — VED
V72K8506X LH ADI ERROR SCALE - LOW
V95P0500C DERIVED ASCENT DYNAMIC PRESSURE
‘V9SH3$26C_  ___ PITCH RATE, FLIGHT a0DY~INERTIAL
VI5H3527C YAW  RATE, FLIGHT LODY-INERTIAL
V9SH3S28C ROLL RATE, FLIGHT BODY-INERTIAL
VI9H2150A MPS ENG 1 PITCH ACTUATOR A DRIVER OUT
V79IH2 1654 MPS ENG 2 PITCH ACTUATOR A DRIVER OUT
V7TQH2 L80A MPS ENG 3 P1TCH ACTUATOR A DRIVLR QUT
CVI9H21S51A . . MPS FNG 1 YAW  ACTUATOR A ORIVER OUT__
V79HZ166A MPS ENG 2 YAW  ACTUATOR A CRIVER OUT
. VI9HZ181A MPS ENG 3 YAK ACTUATOR A DRIVER OUT
VT9P2110A __ ___SPB LK ROCK ACTUATOR A DRIVIR GUT_
V79H2111A SRB L4 TILT ACTUATOR A DRIVER OUT
VT9HZ 130A SRB Rd ROCK ACTUATOR A DRIVER OUT
VT9HZ131A SRB RH TILT ACTUATOR A DRIVER OUT
VT1L42408 IMU2 ACCUMULATED vZ
lﬂ
G SRB SEPARATION, ORBITER/SRB INSTRUMENTATION, BFS
DOKNLIST OR ___ PARAMETER L
DOWNL INA
IDENTIFICAT
VGEMOT40P SM DISCRETE WORD 3 (ASCENT)
VOB X048 2X SRB SLPARATION
| VGBXG4B3X _ SRB SEPARATION MONITOR -
veaXoaB4ax SREB SFPARATION COMMAND '
Voax0732X SR8 SEPARATION INITIATE FLAG
V98XaT31X _SPB SEPARATION COYMAND FULAG
V93X0 741X SRB SEPARATION AUTO
VIBXOT42X SRB SEPARATION AUTD/MAN
V9BXOT42ZX_ | SRB SEPARATION MANUAL OVERRIDE
VSEX0T744X SRB SEPARATION ARM COMMANS
V9BX0T45X SRB SEPARATION FIRE COMMAND
V98X0746X FUNCYION MODING FOR SRB SEPARATION
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IL ‘_i S S U S B

, _V9ER1550C_ ROLL RATE ... __ . B i T
V98R1551C PITCH RATE - T T e
V9BR1552C YAW  RATE o e G

, V98H1565C __ROLL ATYITUDE EFROR L ot SR SER Shbens St e R
VI8H1566C PITCH ATTITUDE ERSDR , ' e el e s -

, V98H1567C YAW ATVITUDE ERROR e B R 4 -

_V9BA15B80C NORMAL ACCELERATION __ e R N . A

, VEBALISBIC - LATERAL ACCELERATION e mantl RIS JEty MR S - -
V98R1701C LEFT SRB PITCH RATE GYRO : - -—mwt~ b

.1 V98R1702C LEFY SRB YAW __ RATE GYRO_ , — | - S Sl e
VIER1706C RIGHT SRB PITCH RATE GYRO . PR S ¢ -

' VOBRLTDTC RIGHT SRB YAH  RATE GYRD e I R ¢ -

. VG8H172¢6C LEFT _SRB ROCK _ __ . ___ _ [ - {0 - =

' VOBH1T21C LEFT SR8 TILT D R B Y P S

, | V98H1T30C RIGHT SRB ROCK - | - . X} - -

y VIEH1786C ° _  RIGHT SRB TILT . . | S A .

R 1 V58P1740C LEFT SRB CHAMBER PRESSURE —— - *

T VG8P1T41C RIGHT SR8 CHAMBER PRESSURE v, -t .

.« VOBH1750C __SSME I PITCH COMMAND __ PN IRV B .

L VGEHITSIC SSME 1 YAW  COMMAND T EalC EEE I 4

' VOB8HLTOLC SSME 2 PITCH COMMAND roo4e-

' VIEH1T0XIC SSME 2 YAW  COMMAND __ S R AN - -
V9EH177CC SSME 3 PITCH COMMAND - :

. VOBH1TTIC SSME 3 YAW  CUMMAND , o e : 1

LIV T o MM 102 FVENT WORD -

| V9BUIS0ZC MM 103 EVENT WORD - { o .

| V9BX0456X GUIDANCE INITIATE -

) VOBMOSLOP __ _ 8FS SYSTEM STATUS WORD 1. ___ _ _ - -t -

' V9SUO56TC QPS-MAJOR MODE SIS NP S T - "o o

. V9BH3019C ROLL COMMAND . - T 1. |1--§ ©

L VesWTO20C PITCH RATE COMMAND T 8 o

CV98H3021C YAW COMMAND T o 35

g ' o : 5

) S - : ; S =
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ROLL ATTITUDE ERROR

PITCH ATTITUDL ERROR __

ATTITUDE ERROR

LD2 FEEDLINE RELIEF S/0 VALUE_CLOSED
PRE~VALVES CMD CLOSE IND. '
E—1 LHZ PRE—VALVE CLOSE €MD
E~1 LO2 PRE-VALVE CLOSE CMD

W, -
=~ . - e —
_V90R5321C____ SEL. RGA PITCH RATE = __. .
VIORA34 IC SEL. RGA YAK KAYE
V7I2HI925¢C LH ADI
VIZHO92TC ___ _ LH ADI
VT2ZH0929C LH AT YAW
VI9K2Z40 X RJDF 1 JET FIL CMD
VT9K2403X ___RJDF 1 JET F1U CMD
VI9K2404X RJDF 1 JET FID CMD
VI9K2406X RJIDE 1 JET F2ZR C*D
VI9K2407X __ RJDF 1 JET F2U (HD
VI9KZ40F X RSUE 1 JET F2D CHMD
VI9K241CX. RJOF 2 JET F3L €MD
V79K2411X RJOF 2 JLT F3U (™D
VT9K2417X RJOF 2 JET F3D CNMD
VTI9KR2413X RJDF 2 JET F4R CMD
VI9K2414X RJIBE 2 JET F4b (WD
V79K2410X RJOA 1 JET L1t CMD
VIFKZ419X RJDA 1 JET L1IU C“D
VT9K2420X RJDA 1 JET LZL CMD
VI9K2421X RJDA 1 JET L2U CMD
VT9K2422X RJDA 1 JET L2ZD C%D
VI9K2624X _ __ _ RJDA 2 JET L3L (%D
VIOK2425X RIDA 2 JET L3D CHD
VI9K24L6X RJOA 2 JET L4L CMD
NIOK2427IX RPJDA 2 JET L4U CMD
VI9K2428X RJDA 2 JET L4D CMD
V79K2432X RJIDA 1 JET RIR C™D
V79KZz433X RIDA 1 JET R1U CMD
VT9K2434X RJDA 1 JET RZR C¥D
VI9K2435X RJDA 1 JET R2U CHD
VI9K2436X RJDA 1 JET R2D CMD
V79K 2435X RJIDA 2 JET R3R CH4p
VTOK243 9% RJDA 2 JET R3D C¥D
VI9K2440X ____ RJIDA 2 JET P4R CHMD
VTI9KZ 4 1K RIDA 2 JET R4l CMD
VI9K2%4 X RJDA 2 JET R4D CMD
V415144 7E MPS
V41X144 7E MPS
V4151547E MPS 102 FEEDLINE
V41X15426 _ MPS
VOOX856CX ALL
v4151122¢ MP S
_V41S1139E __MPS

o B R B o

!
|
I
{
|
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|

DB Db

LHZ FEEDLINE RELIEF S$/0G VALUE CLOSE CMD

LH2 FEEDLINE RELIEF S/70 VALUE CLOSED
RELIEF 5/0 VALUE CLOSE CMD
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_V4151222E
V41S1239E
V41S1322E
V41S1339E
VS8 X0 750X
V9B X0T51X
_V56X1255X_
V56X1265X
V56X1355X
V56X1365X
V56X1205X
V56X1215X
V56X1205%
V56X1315X
V41X1430X
V41X1434X .,
V41X1530X

VA1X1534X

V5£K9000X

V50X8247X

V9BX0T55X

VIEXOT5EX
V90X3250%
VI0XB561X
V90X7554%
VOOX 755 6X
V98 X0 T4 X
VIOXTS64X
-VIBX0749X
VI0X8259x
V5653100X
V56 S4100X
V56X311C0X
VS6X2115X
V56X4110X

V56 X411 5X

. ¥5653500X

V5654500X
V56X3550X
V56 X3560X
V55X4550X
VE6X4560X
VI6MT0618
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_ MPS_ E=2 LHZ PRE-VALVE CLOSE CMD
MPS E~2 LO2 PRI-VALVE CLOSE CMD
MPS E-3 LH2 PRE~VALVE CLOSE CMD

_MPS E-3 LO2 PRE-VALVE CLOSE CMD_
ET TUMBLE SYSTEM ARM FLAG
ET TUMBLE SYSTEM FIRE FLAG
ET UMB. DR. CL LATCH 1 LOCK IND. 1
ET UMB. DR. CL LATCH 1 LOCK IND. 2
ET UMBe DR. CL LATCM 2 LOCK IND. 1
ET UMB. DR. CL LATCH 2 LOCK IND. 2
ET UMB. DR. CL LATCH 1 STOW IND. 1
ET U¥B. DR. CL LATCHY 1 STOW IND. 2
ET U¥MB. DR. CL LATCH 2 STOW IND. 1
ET UMB, DR CL LATCH 2 STOW IND. 2
MPS LH2 FEEDLINE DISC VALVE CLOSE A
_MPS LH2 FEEDLINE DISC VALVE CLOSE B __
MPS LO2 FEEDLINE DISC VALVE CLOSE A
MPS LOZ FEEDLINE DISC VALVE CLOSE.B
CRE/ET SEP CAMERAS ON _ '
ET/UMB. UNLATCH ARM FLAG
ET/UMB. UNLATCH FIRE FLAG

_. ETsu¥8. RETRACT FIRE FLAG _
ET StP CMD FLAG (ORB/ET STR. PYRO FIRE €MD)
MECD CONFIRMED
ET SEP AUTG CMD e
ET SEP MNL. ENABLE
ET SEP MNL. ENALLE
ET S:P INITIATE )
ET SEP INITIATE
ET AUTO SEP INHIBIT CREW ALERT
ET L UMB. COUT DLOR CLOSE CMD 1 {(RTLS)
ET R UMB. COUT DOOR CLOSE CMO 1 (RTLS)
ET L UMB. CUUT DDOR CLOSE IND 1 {RTLS)
ET L UMB. COUT DOOR CLGSE IND 2 (RTLS)
ET R UMB. COUT DPOR CLOSE IND -1 (RTLS)
ET R UMB. COUT DQOR CLOSE IND 2 (RTLS)
ET L UMB. COUT DOOR LATCH CMD 1 (RTLS)
EYT R UMB. COUY DCOR LATCH CMD 1 {RTLS)
ET L UMB. COUT DSOR LATCH IND 1 (RTLS)
ET L UMB. COUT DUOR LATCH IND 2 (RTLS)
ET R UMB. COUT DOOR LATCH IND 1 (RILS)
ET R UMB. COUT DOOR LATCH IND Z (RTLS)
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VT6MT0628_ _MEC 1 PIC 2 CAP. VOLT -
V76M70658 MEC 1 PIC 3 CAP. VOLT S
V76MT066B MEC 1 PIC 4 CAP. VOLY _
V76MT06S8 _ MEC @ PIC 5 CAP. VOLY ___ —= |
V7aMT0T08 MEC 1 PIC 6 CAP. VOLT Lol
VI6MTOT3B MEC Y PIC 7 CAP. VOLT -- |
V76M70748 MEC 1 PIC 8 CAP. VOLT — i
V76M70778 MEC 1 PIC 9 CAP. VOLT —_—
V76M71618 MEC 2 PIC 1 CAP. VOLT S i
VTI6MT1628  MEC 2 PIC Z CAP. VOLT _ —- f-
VT7EMTL605 MEC 2 PIC 3 CAP. VOLT .
VI6M716A8 MEC Z PIC & CAP. VOLT
VI6M71693 _MEC 2 PIC 5 CAP. VOLY
V7SM71708 MEC 2 PIC 6 CAP. VOLT — -
V76M71738 MEC 2 PIC 7 CAP. VOLT —--
VI6MT1748 ____MEC Z PIC B GCAP. VOLT . _ o - -
V76M71778 MEC 2 PIC 9 CAP. VOLT -~
V90Q8001C MAJOR MODE CODE -] -

CRT DISPLAY, SEP . L —-=--

ET SEP SEQUENCE ~ INITIATION AND TERMINATION -

MEC S0P ~ INITIATION AND TERMINATION
o . MPS SIGNAL COUND. POWER = ON-OFF _ = :
VS0XB8255X ET DFI POWER RESET -~ ON-OFF

MEC CRITICAL COMMAND INITIATION & TERMINATION - -
Y ASCENT DAP - TEPMINATION _ -
® GEC STEER ~TERZMINAFION —

TRANS DAP ~— INITIATIUN o

_____ _ RCS CMD SOP —INIFIATION . R

VoOXe258X MEC ) & 7 MASTIR ReSHT "k G
VOHZ246C NAV. DERIVED ANGLE OF AYTACK (RTLS) S B
VIOHZ245C CINERTIAL SIDESLIP ANCLE (RTLS) 'wg:
VI4M1801P RADAR ALTIMITER #1 PARENT WORD S iy
V74X1804B RADAR ALTIMETER #1 ALTITUDE DATA -&
VT74M1651P _ RADAR ALTIMETER 4#2 P/RENY WORD' §§ .
V74M1 8548 RADAR ALTIVCTER #2 ALTITUDE DATA,
V41X1429X MPS LM2 FEEDLINE DISC VALVE OPEN =g -
V41X1529% MPS LO2 FEEDLINE DISC VALVE OPEN =
VI0OXB 253X MPS DUMP GIMBAL BDS. FLAG - i
VGOX8 254X ENTRY ST10W GIMBAL POS. FLAG ‘ o
V56K1250X___ _ ET UMB. DOOR CENTERLINE LATCH 1.L0CK CMD 1A -
V56K1760X ET UMB. DOOR CENTERLINE LATCH : tOCK CMD 2A —
V56K1350X ET UMB. DOOR CENTERLINE LATCH Zz LOCK CMD 1A —t o~
VS56K1360X ET U4B. DOOR_CENTERLINE LATCH 2 LOCK_CMD_2A —
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Space Division

8.0 VERIFICATION ANALYSIS REQUIREMENTS

Verification by analysis 1s reguired to augment tests conducted in
SAIL or on the vehicle. Analysis i1s used when the results can be
considered as valad representations of the actual flight hardware

and software performance and where separate tests on SAIL or the
vehicle cannot be provided for. Requirements partially or completely
verified by analysis are identified xn the Verification Requirements
Section 5.0. In addaition, the specafication of required analyses for
verification 1s given in the Master Verafication Plan for the Combained
Elements (JSC 07700-10-MVP-02) which defines the analysis requarements
and controls the documentaticon of verification completion. The veri-
fication by analysis includes the non-real-time, performance and integr-
ation, and man-in~-the-loop simulations discussed below.

8.1 Non-Real-Time Analyslis Requirements

To the maximum extent possible, the Ascent GN&C Verification is per-
formed by hardware/software tests in the SAIL facilaty. These tests
verify svstem performance under a spectrum of mission and faillure con-
dations. Similar analyses are also performed on analytically develop-
ed non-real-time computer simulations. These simulations model the
vehicle dynamics and environment in the same manner as SAIL. In ad-
diticn, the software and hardware whiach are utilized in SAIL are mod-
eled mathematically in these non-real-time simulations.

The non-real-time simulations (RI CSMP, SSFS and SVDS) are utalized

to analyze environmental and system tolerance effects where extensive
sets of data are required. These saimulations also produce the flight
conditions used by structures, aerodynamics thermodynamics, hydraulics
and propulsion functions as input data to the verification of subsys-
tems and with launch facilities design to verify adequate clearance
and acceptable environments during laftoff.

Correlatzon between the non-real-time simulations and the SAIL sim-
ulations will be demonstrated by comparison of the four test cases
{ TRS ).

8.2 CSDL PERFORMANGE AND INTEGRATION ANALYSIS REQUIREMENTS

Performance and Integration (P&I) testing performed by Draper Labora-—
tory (CSDL) 1s part of verafication by analysis. The test require-
ments are defined in this plan and the tests serve as checks against
SATL tests and six degree of freedom analysis. The P&I test require-
ments defined in Table 8.2-1 are for ascent from liftoff through

MECO and those defined in Table 8.2-2 are for ascent post MECO through
orbit insertion. Table 8.2-3 presents initial conditions to be used
as a planning reference for orbat insertion testing. The initial con-
ditions are subject to change and the appropriate data base anitial
conditions Tfrom the Ascent Integrated GN&C SDM should be used. The
tests identified with an asterisk in both Tables 8.2-1 and 8.2-2 are
the comparaison test cases common to other facility tests.

8-1
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8.3 Man-In-The-Loop Analysis Requirements

Man=-in-the-loop (MIL) simulations for Shuttle Ascent flight phase are
conducted in the Shuttle Procedures Simulation (SPS), The purpose of
these simulations is to evaluate baseline software/hardware requirem—
ents and to develop requirements changes for Ascent Manual GN&C cap-
ability. The general test plan 1s documented in IGNCV/77-1095, SPS
Ascent MIL Simulation General Test Plan, dated 11 Octobexr 1977. This
document defines test objectives and controls the subsequent defini-
tion of detail test plans which are published three weeks prioxr to
start of production runs and test analysis reports.

8~2
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TABLE 8.2-1

P&I TEST MATRIX FOR LIFTOFF THROUGH MECO

: i —
g WIND DISPERSIONS FATLURES
NO | TYPE MODE ATM _; DIR GUST ENGINE OTHER
1% | NOM | AUTO SID  MBAN - NONE NONE NONE
e ~ Q
2 NOM | AUTO STD | MBAN - THRUST MISMATCH SRB 4 HI, | #1 AT T SRB P, #1& = =
THRUST MISALIGNMENT = 10 sz8 #2 HIGH v %
3 NOM |{MANUAL SID ! MEAN -~ THRUST MISMATCH SRB 4 HI, NONE NONE pgd?
| THRUST MISALIGNMENT -
: e —me | &2 gy
4 | ATO | AUTO SID  MEAN - NONE #3 AT 243 NONE gg
%‘ : L o _..._SEC i o =
5 ATO ' AUTO STD ' MBAN - NONE #1 AT 218 NONE E 7
| N o SEC
ATO |MANUAL | STD , MEAN - NONE #3 AT 218SEC NONE
ATO | AUTO | sTD | 125° | M=l.25 NONE #3 AT 218SEC| NONE
AOA | AUTO | STD  MBAN - NCNE - #3 at 213 | NONE |
. _ SEC_
9 AOA | AUTO : st | 36° M=1.25 NONE NONE NONE
10 | AOA |MANUAL STD . 305 M=1.25 NONE #3 AT 213 NONE
sec | ]
11 | A0A | AUTO s> | 305 =1.25 NONE #1 AT SEC NONE g
12% | AOA | AUTO ' STD MEAN - ALL 3 SSME'S AT -3 o "#2 AT TARGET4 NONE 8
: THRUST CNG (210SEC o
13 | RILS| AUTO | sSID  125° | M=l.25 NONE #3 AT-T = 0 | NONE g
1
! 14 | RTLS| AUTO . STD | 125 M=l.25l THRUST MISMATCH 8RB 4 HX, | #37AT t =1307 “NONE
L . THRUST MISALIGNMENT
b 15 | RILS| AUTO STD } 220° | M=1.25' THRUST MISMATCH SRB 5 HI, | #3 at t =210 NONE
] ; iTHRUS’.‘L‘ MISALIGNMENT
1 e e wman L e e = e [ PP

¥*

COMMON FACILITY CHECK CASE
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TABLE 8.2-1 P&I TEST MATRIX FOR LIFTOFF THROUGH MECO (Continued)

&I THvd TVNIDIHO

ALITVOD "00d J0

e —————— e, o e ok e ey . - - - I - —— - ————]
|
WIND i DISPERSIONS FAILURES
NO |TYPE| MODE | ATM DIR GUST ENG . OoTwER |
A i el BNG ]
1
16 | RILS| AUTO STD | 125 | M=1.25|THRUST MISMATCH SRB 4 HI, |#1 AT t = O NONE
'THRUST MISALIGNMENT | N o
17 ! RILS| AUTO STD | 220 | M=1.25' THRUST MISMATCH SRB 5 HI, NONE NONE
| THRUST MISALIGNMENT
18 |RILS| MANUAL Il STD | 220 |M=l.25 NONE . #1 ACCEL
, NONE , HARDOVER
. i AT t = 45
19 | RILS| MANUAL | STD | 305 |M=l.25! NONE #3 AT t = O | GYRO #1
i HARDOVER
i ey AT t = 130
20 | RILS| MANUAL | STD i 305 | M=l.25; NONE #3 AT t =130} ACT #1
| . | CHANNEL
‘ ‘ i t = 40
21 RILs| auto STD | 305 |{M=1.25 THRUST MISMATCH SRB 5 HI, | #1 5 SEC NONE
: | ' THRUST MISALIGNMENT BEF GUST
22 | RILS!| AUTO STD 220 |M=1.25|THRUST MISMAICH SRB 5 HI, | #3 5 SEC | NONE ™
: I‘I‘HRUST MISALIGNMENT BEF GUST 7
23 | NOM | AUTO STD ! MEAN — | TEMP SRB = + NONE APU #1OUT
; t = 260 23
- Q
24 |NOM | AUTO | STD | MBAN - | TBMP SRB = - NONE APU #1 OUT 8 &
=
- . t = 130 2 2
— e e e e e e 2 =
' 25 | NOM | AUTO HOT | MEAN - NONE NONE NONE ! S )
| 26 | NOM | AUTO HOT | 220 |M=1.25|THRUST MISMAICH SRB 5 HI, NONE | ~NONE 3
: THRUST MISALIGNMENT , 5
| 27 1+ NOM | AUTO coLp | MEAN - NONE NONE NONE §
! 1 -
! . | B . ..o s ——

¥  COMMON FACILITY CHECK CASE



TABLE 8.2-1 OFT-1 P&I TEST MATRIX FOR LIFTOFF THROUGH MECO (Continued)

g8

WIND FAILURES
DISPERSIONS
NO | TYPE| MODE ATM | pyp | gust o BNG OTHER
28 |wNom | auTO COLD | 220 | M=1.25 NONE NONE NONE
20% [ NOM | AUTO STD 125° | M=1.25 NONE NONE NONE
30 |{NoM | AUTO STD | MEAN NONE 7 T nomE NONE
I 31 |nNoM | AutO STD 305 | M=1.25 AERO FORCES + NONE IMU #1
} ' | ABRO MOMENTS + t = 40
32% | ATO AUTC STD 220 M=1l.25 THRUST MISMATCH SREB 5 HI, #3 AT EATO NONE
THRUST MISALIGNMENT (218 SEC)
| AGCELEROMETER + BIAS, +
NOISE
33 | ATO | AUTO STD 220 | M=1.25 THRUST MISMATCH SRB 5 HI, | #1 AT EATO NONE
THRUST MISALIGNMENT (218 SEC)
IMU + BIAS
34 |NOM | AUTO STD 220 | M=1.25] THRUST MISMATCH SRB 4 HI NONE #1 Pc & #2
' THRUST MISALIGNMENT P_ At t=50
35 |RTLS| AUTO STD 125 M2.5" | THRUST MISMATCH SRE 4TI NONE APU #1
THRUST MISALIGNMENT At t=0
36 RTILS | AUTO STD 305 =.9 THRUST MISMATCH SRB 4 HI NONE APU #1 AND
APU
} THRUST MISALIGNMENT . = gz
37 |RTLS| MANUAL | SID | 305 | M=.9 | NONE NONE APU #1 AND
’ N t = 120
. J oY) APU #2
: N ! = 5
; ' ot = 260
,L ! . o 63 t
i : ; 2
i : ' =
i 3 ] s
)

* COMMON FACILITY CHECK CASE
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TABLE 8.2-2

P&T TEST MATRIX FOR ORBIT INSERTION

‘L Rockwell Inter:..tional

Space Dwision
TEST MISSION TEST
SERIES PHASE  RUN OBJECTIVE TEST CONSTRAINTS ICs
1 Verify Orbat Insertion Compli-  Conduct Test using Error-Free Parameter Val- 2
I MECO/OI ance for Normal (Error Free) ves from MECO to Orbit Insextion.
Conditions and for Nominal (All
2 Parameters Having 1  Values)
Conditions,
Verify Orbit Insertion Accur- Conduct Orbit Insertion Test Using One OMS
I MECO/OI 3 acy as Function of OMS Thrust Engine with Maximum Thrust & Long Cutoff Im- 5
Deviation pulse and Other OMS Engine with Minimum
Thrust & Short Cutoff Impulse
Verify Orbit Insertion Parame- Perform Orbit Insertion Maneuver using + 3
4 ters using Maximum IMU Align- Alignment Error. 2
ment Deviation & Maximum IMU
III MBCO/OI —— LX¥OTS:
5 Same as Test Run 4 with -3 Alagnment Erxxox 2
6 Same as Test Run 4 Using Worst Case Condation 2
of Runs 4 & 5 Combined with Maximum IMU Sys-—
ten Errors.
Verafy Orbait Insertion Parame- Perform Orbait Insertion Maneuver using Condi-
ters with Maximum Combined BEf-  tioms of Test Run 6 (Worst Case IMU Alagmment
IV  MECO/OI 7 fects of OMS Thrust Deviation, and MAX IMU Errors) Combined with OMS Thrust 2
OMS Cutoff Impulse Variation Deviation Conditions Outlined in Test 3.
and IMU Aligmment and IMU Error
- Constraints,
Verafy Orbit Insextion Parame- Conduct Test Run using Worst Case from Test
ters with a Single OMS Failure Series IV Combined with an OMS Engine Failure
& RCS Augmentation at Three Selected Critical Times of (1) TIG
A oMs 2 8,9, - 3

10

(2) TIG + 30 (3) TGO = 30 SEC
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TABLE 8.2-2 P&I TEST MATRIX FOR ORBIT INSERTION

Space Division

(Continued)

VI

OM5-2

1T

Verify Orbit Insertion Parame-
ters with Single OMS Failure &
RCS Augmentation Plus Compon-

ent Failures Requiring Redund-
ancy Management Implementation.

Conduct Test Run using Woxrst Case Condition
from Test Series V Combined with Cratical/
Component Failures of an IMU Accelerometer,
Inertial Gyro, Rate Gyro & TVC System

VII

2nd
Stage
Through
ATO

12

13

14

15

16

17

Veraify Orbit Insertion Parame-
ters for Selected ATO Abort
Modes using Various Combina-
tion of OMS/RCS Burns with
SSME or OMS Engane Fallures.

Burn Duration for Post-MECO {(initiated at
OMS-1 Ignition) Burn of the Four +X RCS
Jets Depleting AFT RCS Propellents waith
OMS Engine Failure at T = TIG secs.

Maximum Pre-MECO Burn Duration for 2 OMS
Engines Depleting OMS Propellents after
Failure of SSME at T = 218,

’i@ Rockwell In natonal

Maximum Pre-MECO Burn Duration for 2 OMS
Engines and Four +X RCS JETS Depleting
OMS Propellent after Failure of SSME at
T = 218

Burn Duration for Pre-MECO Burn of Four +X
RCS Jets Depleting AFT RCS Propellents Af-
ter SSME Failure at T = TBS

Burn Duration for Pre-MECO Burn of Fourteen
RCS Null Jets Depleting OMS Propellents
After SSME Failure at T = TBS

Burn Duration for Pre-~MECO Burn of 8 RCS
Null Jets Depleting AFT RCS Propellents
After Single SSME Failure at T = TBS,




TABLE 8.1-3

SET 1

SET 2

P&1 ORBIT INSERTION TEST IC'S

51‘ Rockwell International

Space Division

Nominal SRB Staging Reset Poaint
at GET=122,684 secs. (SRB's Jet-
tisoned):

A. M50 Position Vector (feet)

X = 7.7075332 x 10°
m50 -
Y = -1.6796929 x 10
m50 -
z = 1.0097365 x 10
m50

B. M50 Velocity Vector (fps)
VX 3.2974953 x 10

m50 5
VY = 5.1073900 x 10
m50 3
vz = 3.4327863 x 10
m50
C. Body Attitude (deg.)
OGA = =163.50556
MGA = ~21.185878
IGA = =51,.715558

D. Total Vehicle Wexrght, (1bs)
1.5116185 x 10°

Nominal MECO Reset Point at
GET=524.02 secs.

A. M50 Position Vector (feet)

X = 1,0844748 x 107
m50 7

b4 =-1,3719811 x 10
m50 7
ZmSO = 1.2142303 x 10

B. M50 Velocity Vector (fps)

VX = 1.6968414 x 10%
m50 4

VY 1.8320777 x 10
m50 3
5.9396348 x 10

VZ
m50

C. Vehicle Body Attitude (deg)}
OGA ~-157.59131
MGA 15.634643
IGA =106.75062

D. Total Vehicle @élght (1b)
3.0600980 x 10

il

Nominal OMS 2 Ignition -
203.0 sec. Reset Point,
GET=2341,2 secs.

A. M50 Position Vector (feet)

X = 5.8590223x10
m50 -
Y = 2.0839909x10
m50 6
ZmSO = =2.7122143 x 10
B. M50 Velocity Vector (fps)
VX = -1,9809988 x 104
m50 3
VY = 3.7573551 x 10
mh0 4
VZ = =1.5188278 x 10

m50
C. Vehicle Body Attitude (deg)
OGA = ~158.97659
MGA = -6.0329699
= ~136.05697
D. Total Vehicle Weight (1lb)
1.9893445 x 10°
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9.0 VERIFICATION REPORTING

Verification reporting of analysis and tests will be accomplished
through reports ancluded in Appendices to the Ascent Integrated
GN&C SDM, Test Agency Reports for SAIL and a Verification Comple-
tion Notice all wath appropriate cross references.

8.1 Test Documentation

Three reports are to be published with regards to SAIL verifica-
tion tests. These are (1) a quack look report, (2) a 5 day re—
port, and (3) the study analysis report. The quick look and 5 day
reports are to be published by the on-site certification team mem-
bers. The study analysis report will be published by RI/Downey
wathin 60 days of study completion and incorporated in the Ascent
Integrated GN&C SDM appendices.

The quick-lock report 1s to be published daily and will be a summary
of tests conducted on lst and 2nd shifts the previous day. This
report includes pilot comments, sponsor comments, anomaly log, TOC
application program summary sheet, and VDS/GDS data snapshots.

The 5 day report, in addition to the above data, wall include a
cursory analysis of test results. Also included will be apprint-
out of results from the pass/fail criteria program and, where
applicable, selected continuous form plots.

The Study Analysis Report (SAR) will reflect detailed amalyses of
all data recorded during a given mission evaluation. The SAR docu-
ment, to be published on a per mission basis, will address only the
performance of the primary GN&C system. Avionics systems other than
GN&C are to be documented under separate cover.

9.2 Verafication Completion Notice

The Verification Completion Notice (VCN) provides evidence that
verification requirements have been satisfied to the extent docu-~
mented in the VCN. Detailed descriptions of the VCN and correspond-
ing format 1s given in the Space Shuttle Avionics Verification Plan
{(8D76~SH-0160). The Ascent Integrated GN&C VCN and supporting system
VCN's are aindacated in the Section 1.0 verification tree.



