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Foreword

The content of Lhis document was provided by the Control/Propulsion Graop. Flight Training
Branch. Space Flight Training Division. Mission Operations Directorate (MOD). Lyndon B.
lohnson Space Center (JSC), National Aeronawmics and Space Administration {NASA). Technical
dogcumeniaton support was provided by Integrated Documentation Services (IDS), Hemandez
Engineering, Inc. Any questions concemning this training manuat or any recommendations should
be direcied 1o the training manual book manager, Cori Kerr, at DT66, 244-7015.

This material is for waining parposes only and should not be used as a source of operational data.
All numerical daa. displays, and checkliss references are intended as examples. To determine any
prerequisites before using this docoment, consult the applicable Certification Plan. For shuttie
manuals, consull the Flight Operations Support Personnel Training Guide (Blue Book) or the
Crew Training Caalog. For Space Station manuals, consult the appropriate Space Station
Cenilicaiion Training Guide or Training Administration Management Systemn (TAMS). The
applicable training package should be stwdied before attending any classroom session or lesson for
which this 15 a prerequisiie.

A Training Maictials Evaluation is inciuded ai ihe end of this documeni, Inputs on ths sheet will
be used 10 evaluake 1he lesson material. You do not need to sign the sheet,
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Section 1
Ascent and Abort Overview

Objectives

Upon completing this section, the student should be able to:

» Distinguish between a standard insertion and a ditect insertion mission
* State the defimition of 2 main engine cutoff (MECO) underspeed

*  Describe the four tvpes of intact abort modes

s Describe how to mitiate an Abort-to-Orbit (ATO) or Transoceanic Aben Landing (TAL)

Nominal Ascent

The space shutrie ascent fiight phase begins at launch with a vehicle composed of the orbiter,
External lank {ET), and two Solid Rocket Baosters (SRBs). The three Space Shuttle Main
Engines (S5MEs] ignite about T-7 seconds. When the main engines are throttted to 100 percem
of their rated thrust level. the two SRBs ignite. and lift-off oecurs.

After lift-off. the space shuttle follows the ascent profile shown in Figure 1-1. The early part of
ascent. when the SSMEs are burning in parallel with the SRBs. is often referred to as first stage.
Aficr about 2 minutes, the SRBs burn out, separate from the orbiter and ET. and are recovered
for use on a later flight  Second-stage ascent beging after SRB separation and continues until
AMECO The period from lifi-off to MECO is known as the powered fight phase.

After MECC the E'T s jettisoned from the orbiter. and the Reaction Control Svstem fRCS) jets
are used 1o mancuver away from the tank  The ET enters the Earth's atmosphere. breaks un.
IMPACts IN & Temole oCean area, and is not recovered

At this poini. the orbiter may or mav not have achieved orbital velocity, depending on whether a
direct or standard insertion was planned A standard imsertion uses the Orhita’ Maneuvering
avstem {OMEY engines to supply the additional thrust needed to reach orbit  The first burn
(OMS-1) occwrs soon after MECO and results in an eliipiical orbit. With a direct insertion ascent.
the mztn engines are burned slightlv longer to achieve the desired apogee aliitude such that an
UNIS-1 maneuver 1s not required  Both insernion profiles require a circularization burn (OMS-2)
Tims burn is performed at the apogee of the mitiat orbit.

TL147A [-1] _ war,
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Figure 1-I. Nominal ascent prafile

At the start of the Space Shuttle Program (55P). standard insertion was the only type of insertion
planned STS 41-C was the first direct inserion flight and this type of insertion has been used
since STS-30. Siandard insertions were used on early flights when less information was available
on SSME performance and Largeting precision  Some of the other aspects considered tor
standard or direct insertion are mission objectives, ascent performance, ET impact, and orbital
altitude At present. a standard msertion would only be vsed for flights 10 iow otbital altitudes
where tine ET impact pointis outside of limirs using direct insernian

The main advantage of direct insertion is tha higher orbital aluwdes are possible because more
OMS propeliant is saved for orbital maneuvers.

Performance

The performance capability of the shuttle 1s defined as the measure of the shuttle’s abiliny 1o
achieve a desired orbit  [f shuttle performance is better than predicted, the desired MECO
velactty 15 achieved with a surplus of propellant that is discarded  {f, however, the shuttle does
ol perferm as well as predicted, the desired MECO velocity may aot be achieved.

A MECO vetocity that 15 less than the target velocity is called an underspeed. The most probable
cause of a MECO underspeed is a main engine failure. Underspeeds up to several hundred feet
per second can be made up by increasing the AV provided by the OMS-] and OMS-2 burns. I
the underspeed is too laree o be made up using excess OMS propeliant. the shuttie will not be
able 1o reach the desired orbil, and an ATO or an Abort-Once- Around ( AQA ) will have to be

-
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performed If the engine fails early during ascent. orbir cannet be achieved ar all. and a3 TAL or a
Retumn to LaunchSite (RTLS) abort will have to be performed  Figure 1-2 illustrates the
availability of these abons. depending on when the engine fails. The rime pericd during whick
these aboris are available is approximate and varies with each flight

ATO

ADA

TAL

RTLS

| f
[ 1
Launch SRE SEF MECD

Figare i-2. Abort made &5 u fundian of SXME fatlure time
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Ascent Abort Modes

Sclection of an ascent abort mode may become necessary if there is a failure that affects vehicle
performance as described previpusly. or a vehicle system fajlure thal jeopardizes crew safety. such
as a cakhin leak.

There are two basic types of ascent aborl modas, intact and conlingency. Intact aborls are
designed to provide a safe return of the crbiter w a planned landing site. Coentngency abony are
designed for crew survival and will probably result in loss of the vehicle. The type of abort
required will depend on the severity and time of the failure.

There are four {ypes of inact abort modes shown io Figare 1-3.

Figore J-3. Frrace abort mindes

Ahort-to-orbit s designed w aflow the vehicle w achieve a wemporary orbat ftypicably 105
nautical mikes inomi b that may e jower than the nominal orhit (Figure 1-4). This abor reguines
less periormanee and allows ume o evaluate problems and then choose either an early deorbit
Furn <o an OIS mancuver weraise the ortat and cortmue the mission,

TOW7A [-4 _ s



FOO ASC EYE_o0s

Figure -4, Typical ATO prafile

Aboert-once-around is performed when orbit cannot be achisved of maimained. This abort mods
15 designed 1o use the existing perfonmance to make almost a complets revoluton of the Earth and
land at Edwards Air Force Base (ED'W). Northrup Flight Stiip (NOR). or Kennedy Space Cenier
(KSC) (Figure 1-51. There are iwo types of AQA wajectories. AOA-steep and ACA-shallow.
The entry tajectoty for AQA steep is similar 1o the nominal End-of-Mission (EOM) entry
rajectory. An ACQHA-shallow wesults in a flatter entry trajectory but uses less propellant in the
OMS mancuvers. The shallow entry wajectory is less desirable becauss it exposes the vehicle Lo a
ionger pened of aimosphenc heating and to less predictable asrodynamic drag forees. the later of
which intoduces u smalt nsk of not obtaining asracaptore.

Launch® ' Nominal
1angding -1 1
* Al e

Entry .

FCD aEL SYS D06

Figure 1-5. Typical A4 profile
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Transoceanic abort landing is designed o allow the vehicle 1o achicve a suborbital [rajectory
that resulis in the orbiter landing on a runway in Europe or Africa, depending on the orbatal
.mnclination {Figure |-6).

Nominal irajeciony
t MECC
: . TAL majectory
ET separsbon

SREB separation

/

.

Launch (I Landing

Figure I-6. Typical TAL profiie

Return to launch site is designed o allow the vehicle o {ty downrange o dissipawe propellant
and then turn around during powered fitght 1 return (o a landing at a runway nz2ar the launch site.
The RTLS abort is discussed in a separate book, RTLS Training Manual 2102,

There s a delinite order of preference tour the varieus abort modes. The tvpe of faitore and the
ltme of the Tailune dewermine which type of abon 15 selecwed. During poweraed Qight, the abort
prvntivs for loss of perfiemance are ATO. TAL RTLS. TAL w an Augmented Contingency
Landing S tACLS ). and ADA-shallow. These pnorities were established w provide the highest
probihility of sare retum of the orbier and 1he cnew. Far specific syaems Gulieres, such as i cabin
ivak o less of vehicle cooling capability. the abort priorilics ane RTLS. TAL, and A0A, These
pricriies were estahlished woprovide the earliest avaitable landing ume or o avoid continging 1o
urhit with o loss of capahility. A contingeney abort. which usually rosulis i the crew bailing out.
monever Chusen 11 another abart apien cxests,

Abort Mode Selection

Ascent aborts are initiated dormg powercd flight By use of the abort rotary swilch on panel F&
fFigure 1-7). The roary swich 15 wrned w the desited postiion and then the abot peshbution
next Lo the swatch is pushed. The positions on the switch are RTLS, OFF, ATO. and TAL.

TO147A -6 v



The abort pushbutton does not light up when it 1s depressed, but it can be illuminated by 3 signal
from MCC. If the abort light is illuminated by MCC, it will be extinguished by MCC once the
crew has received and executed the abort request. In the absence of voice communicatan, thes
hght would indicate to the crew that an abort selection was required. it could not, of course,
specify the appropriate abort mode.

I TP, AT m‘iuu.‘;uui__
|

d
B—

L&)
F'""::::S COMMANL— i
= ;

Figure I-7. Abact rotary switch and pushbatton on ponel Fr
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If the abort rotary swiich fails, the crew can also initiate an abort by item entry on (he
OVERRIDE display {SPEC 51) shown in Figure 1-8. liems | and 2 allow the crew 1o select a
TAL abert in MM103 and MM 104 or an ATO abort in MM102, MM163, and MM104. These
ltems are mutually exclusive and the selected mode is indicated by an “*”, The abort sequence is
initiated by execution of item 3 and is indicated by an “*”. Execution of item 3 must be preceded
by selection of item 1 or 2 Notice that no option exists for selecting an RTLS on this display.
The crew can select RTLS by performing OFS 601 PRO. Specific abort requirements are
described in more detail in their respective sections of this workbook.

(r XXXE'pir: OYERAR | DE X T DODHH MM 55_\
DODHH MM 55
ABORT MOOE ENTRY FLC%
ThL 1x ELEVDH FILTER ATMOSPHE RE
ATD F3 1 AUTO 7k HiM ZDX MOl 2%
ABORT 1x FIXED tdrx ALT v x N POQLE 231x
W&x THROT 43X P P d
MU STAT ATT DES PRL
FASPLT DUMP 15 x13xx X 25X 5¥5 AUT DES
3 TIXX XXX 25X 15 28X Mmx
XxXx I1CMCT 5 xaxx A5 Xxxx 27X 285 291 312x
DM DuMP 15 348X a1ox
ARM EX ADT A H a u DES
STAAT X L 15 XXXXXE XX X X XX 34X
STOR £ 15 XXXXEXY =xX X X XX 15X
% OUANM-SI10E Xax AR 25 XXRIXX =Xz 1 X XX 18X
CMsS DUMP TTE xxx a5  YXaxxx =¥ ¥ ¥ ¥xx% arr
£E7 LEF ROLL WODE XAXEXXx
AJTQO JBX AUTDO SEL a2z
AET RIS t] ixx SEP 15X
I 14 TiwE IEX [ET UMEB DR YEMWMT DOOE SNTY
CLOSE 40X OPEM 43x
EwWT AZS 138 EFXXT (ACS AM WANF CLCSE A4
16 TiwEg LLlEX CL OVHD 41
1 XX
M /

Figure I-B. GVERRIIN display (NPEC 51

Software Major Modes

Thu space shuttle is controlled by five compulers that are usually referred o as General Purpose
Computers {GPCs). The Maght software in the computers is divided into several sections. Each
seetion 18 called an Operational Sequence (OPS} and is tailored o a paricular flight phase. For
example, OPS 1 is software used during the ascent phase and OPS 3 is used for entry,

TOMd74 1-% —



Ezch operational sequence 15 subdivided mto Major Modes (MMs), which are used to denote
incremental changes in flight phases. For instance, MM G2 designates ascen: flight between lift-
off and SRB SEP. Immediately afier SRI SEP occurs. MM 103 is imitiated Table -1 515 the
major modes relevant to ATO, AQOA, and TAL aborts

Tuble i-I. Major modes relevant to ATt A4, and TAL

Mission Phage
Operativnal | Major
Sequence Mode
! ATO AQA i TAL
opPs 1 10l Pretaunch (T-20 man o Lift-offy Same as ATO Same as ATO
(Ascont)
, [ First stage (Lft-oiT 10 SRB SEF) Same as AT Same as ATD
' 103 Second stage (SRB SEP to ET Same as ATC Same as ATO
SEP)
B4 UM S-1 mancuver Same as AT0Q | TAnson coast
1A OMS-2 mancuver Transition coast
166 Post OMS-2 coast
OPs = a0l Pre-deorbit coast
(Entry) L
RIEN " Deorbit mancuver i
303 | Post-deorby coasl
. Cotry (earlv phase) § Sawe as AO0A
ana CEmnc {TAEM. ALY | Same as AQA

D147 A 1-9 e



Questions

Answers to these questions are found in Appendix B.

1. What is the difference between a standard insertion and a direct inserion?
2. A MECO velocity that is less than the target velocity is called afn)

3. List the four types of intact aborts.

4, Whgt is the typical orbital aftitude for an ATO?

3. Whal are e consequences of an ADA-shallow?

6. Dcescribe the primary and backup means of sclecting an ATO or TAL.

TO127A 1-11



Section 2
Abort Mode Boundaries

Objectives
Upon completing this section. the student should be able to:

» Ligt the three types of abort mode boundary cues

Define the seven boundary calls made (o the crew by the MCC
»  Determine the abort capability in a no-comm situation
+ Define what the RTLS and GO tick marks represent on the ASCENT TRAI display

»  Determine which cue card to use and what abort is required 1or varous systen failures that
accur pre-MECO

= Deawermine which cue card to use in the case of a MECO undenspeed

» Delermine which cue card 10 use in the case of various system failures that vccur post-MEC()

Pre-MECO Performance Aborts

PDuring mowwered Uiight. it is imporant 10 know which abon maodes are availabic in the event of an
chgume (adene. There ane three ways that the crew can determmine abort capabilily;

o Soice calls we the orhiter from the Mission Control Center (MCO)
o Jnerlial vewetly borundarios tseed on g cue card

Umboand trafecton displays

TL47



Volice Calls

The primary indication of abon availability is the MCC voice calls. These calls essentially
represent abort mode boundaries and vary from one flight to another. depending on the vekicle
weight, predicied engine performance, and mission requirements. For example, high inclination
flights will require different TAL sites than low inclination flights. Typicalty, the calls will include
the fullowing:

1. TWO-ENGINE (PRIME TAL) - The earliest ineria] velocity {Vy) or ime a TAL can be
accempiished to the primary TAL site if one main enging fails,

2. NEGATIVE RETURN - The latest V; or time an RTLS abort can be successtully completed.
Fast thig V). the orbiter will have 100 much downrange encIgy o successinlly retum o KSC.

“al

PRESS TO ATO - The earliest Vyor time at least an AQA can he accomplished il one main
engine fails and drop the ET in a safe area. Note: a pre-MECO DMS propellant dump is
regired,

4. SINGLE ENGINE OPS 3 (TAL SITE) 1% - The first point after which. for two-enging
proviedures, the crew will abort downrange using OPS 3 Dioop proceduic) soliwae. Friar
10 this poinl, the loss of two engines requires a contingency abort using OPS 6 software,

5. PRESS TO MECO - The earliest V, or time at least an AQA can be accomplished if one main
engine fails. No pre-MECCO abort selection is reguired.

fi. SINGLE-ENGINE (PRIME TAL) - The carlicst V) or ime 2 TAL can he sccomplished 1o
the primary TAL site if two rmain engines fail.

7. SINGLE-ENGINE PRESS - The ezrliest V; or time at least an ADA can be acenmplished if
Lw e Oun cngines Lail: however, no protection s made Lor ET impaci. A pre-MECC) abort
saefection iy not rogeirad.

Frzure Z-1 illustrates the approximate ime the voice calis are made as o funclion of velovity and
altalpnfe

TOrd?



Thaese abort regions overtap as foliows:

MEE T U b e

FRAESS TO
MELCD

PAFSE TS
AT

WEGATIVE
RETUIRN < Ta

/

T ENGINE l'f h
*al /

[
I|II —=4LAB5IF
|

N

SECPD
SINGLE ENGINE i
Tae & hGLE ERGILE
FRFSS
) BECT

\ PRST-MLCOY A,

1
! ?‘ RETRh T LALINCR §1TE

TOT"DH

L
WELQEIT Y s

Figoare 2-1. Abor! calls as n funciion of velocity and altitude

These poundaries can vary from prelaunch predictions because of changing atmospheric
condinons and varatens in SRB and main engine performance. Using this real-time intformation,
a computer program called the Abon Region Determinator (ARD} allows MCC 1o predict what
underspeed will result frrom a major loss of perdformance {engine faiure, throwle lockup. deeraded
thrust. clel. This inlormation is then used w predict the actil ghort made boaundarizs on which

e real-tmwe vonee calks are made.

TO47 2.3



Inertial Velocity Boundaries

The preflight predicled abort boundaries are provided to the crew on a cue card in their overhead
flipbooks that is shown in Figure 2-2. The cue card lists the boundarics and an inertial velocity in
feet per second at which the abon mode is available, Inertial velocity can be monitned oo tape
meters on panels F6 and FA. The cue card 15 nsed by the crew to determing aborl mode
availability if veice communication with the ground is lost

S¥S FLIGHT RULES

RTLS  Tal

OMS — 2 He THs ) x|
~ 1 QX & ~ FU THE (diff pods) | T X
— PN Gr2Fl TS ; — X

APUMYD - 2l & 1 Failng X X ]

CABIN LEAK ~ (=EDdPQT >.15) X X

CAYD - AllD2iHEZ) X b

2FREON LOGPS | [Accum Oty (L and deerd S X

andfur Figw (1] :

2 MAIN BUSES L P | :
THERMAL WINDOW PANE X :
NO COMM MODE EQUNDARIES

MEG AETURM (104 6200 [2 ENG ZZA (104) 5600
FRESS TO AT [104)  $10D ABURT TAL 224 (4)
EOWI —
OF5 3724 (108) 11600
SEOPS () BEOPR3IZZA (1owiiiay ]|
SE ZZA (104) 13200 |SE ZZA {104} o
F PRESS TO MECD (104313200 !
: 2 ENG MRN (104) 5300 !
SE PRESS {(104) 17200 ABORT TAL MAN (3) |
|
NEG BIN {104) 70 [FOV C—
SE OPS 3 MRN i1payn [
| NEE WP (102 2000 | SE MAN (104) LT
VLAST PAC WIS TAL 23000 R E——
|
LAST T 2 ENG BEN (o) 550 i
L OEFA 24200 ABORT TAL BEM ;2 i
KES 28205 By v
ne s ,
A Lo |55 OPS 3 8EN towi [
DG 25000 | SE BEN {104} m ]

Figare 2-2. Fredefermimed aborl boendaries
giren in ferny of imecrigl velocity
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The boundaries thay are fisted in bold are_ typically. the ones voiced to the crew by MCC. Even
though three 2 ENG (TAL} boundaries are given. only the flight day primary TAL site boundary

- 18 voiced to the crew. The boundaries that are not bold (ie., NEG TAL site and LAST TAL site)
give the crew the Jast inertial velocity at which the given TAL site can be reached, Past this Vi
the orbiter has too much downrange velocity to successfully reach the TAL site. The LAST PRE
MECO TAL boundary is just as the name imptlies; it is the last opportnity to initatc a pre-MECO
TAL abort.

This cue card does not reflect off-ndminal performance, such as a stuck throttie, Only the ARD
can calenlate abort movde boundaries in real time, based on actval performance.
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Trajectory Display Boundaries

_ Another secondary indicatior of abort capability is the ck marks on the ascent tmjectory displays
shown on Figure 2.3. On the display, RTLS indicates the iast point at which an RTLS abort
should be selected. This tick mark usually comesponds 10 the Negative Rewrn call from MCC.
GO indicates the earliest point at which & main engine could fail and al least an AQA could stll be
accomplished. The GO tick mark wsnaily corresponds to the Press to ATO call from MCC. or the
Press to MECO call if there is no Press to ATO boundary on that flipht These tick marks are
based on preflight anaiysis and may vary from the MCC voice calls.

/_ 103ir s ASCENT TrA | QQL-Q0:C032: 32 \
00000 G2 22

_ T i 1
e FG FD:
GUID
“MEZS 8131 l
PRF_T T4 I
= SERT

Figure 2-3. ASCENT TRAS dispiay
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Pre-MECO Systems Aboris

The SYS FLEGHT RULES cue card (Figure 2-4) provides the crew with abon selection fow
critical systems failures that oceur pre-MECO. In niost cases. additional insight provided by
MOC is necessary te accurately and fully diagnose a failure and select the best response. For loss
of communication, however, only this cue card is available. Again, if both RTLS and TH.F aht_lrl
options are available. an RTLS abon will be selected 1f the vehicle has not exceeded the Negauve

Return boundary velocily.

5YS FLIGHT RULES
RTLE TAL
[OM5 = 2 He TKs - | % |
- 1% 5 1T FUTRs (il pods! I X
—Z0Xor 2 FU TKE : E
APLMYD — 2) & 1 failing x| ok
CABINLEAK = (=EQGR/T = .15} X 1 X
CRYD - Al D2ZiH2) P
2 FREOM LOQPS | JAccum Oty {1 ang deen X . X
andior Flow 63 |
2 MAIN BILISZS | IR
THERMAL WINDOW PANE HE
NGO COMK: MODE BOUNDARIES
MEG RETURM (104)  B200 |2 ENG TZA (104 5604
PRESS TO ATO {104] 5100 ABORT TAL ZZA (4) |
ED VI 7

S5E OP5 3 ZXAa {113} 11600

SE ZZA [104) 13200
PRESS TO MEGO (104}13200
SE PRESS (104} 17200

P NEG BN (104 17800

i
NEE MEN 1104) 200

. LAST PAE MECO TAL 23000

| LesT 1AL

FEa 24200
KBO 24400
EIN 2490
KK ZZA 25000
JICG 25200

SE OPS 3 724 [106)[13] m.
BE ZZA (104} o 3

1

2 ENG MAN (104} 550 !
ABDRT TAL MAM (3} |

O W 1

IEE OPS 3 MRN (10313 E
sEmRNGey @) [
ABORT TAL BEN (2] :

EQVI —1
SE OPS 3 BEN (0

SE BEN [iD4} {2 |:|

Figure 2-4. S¥S FIJGHT RULES cue card
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OMS Capability

A severe loss of OMS capabitity can make it impossible to continue uphii? and deorbit. For
example, loss of two propeliant tanks results in insufficient propellant to get to orbil: thercfore, a
TAL is required. '

APW/HYD

With two APU/HYDs down and the third {ailing, a trajectory option with minimum Lime to the
ground is desired. This enhances the potential to land prior to a compleie loss of hydraulics.

Cabin Leak

Loss of cabin pragsure integrity impacts both breathing oxygen and equipment cooling. A
minimurn time e the ground option is required.

Cryo

Loss of cryo 002 and H2 results in a loss of fuel cells and all clectrical power. An RTLS or TAL
Is tequired.

Freon Loops

Losing both Freon loops eventually results in Ioss of all three fuel cells because of a lack of
cooling, Stnce this is time critical. RTLS is preferable over TAL.

Main Buses

Tw main bus tailures preclude ET door closure. Since TAL untry irajectories are thermally
severe. RTLS s prelerred. 1T RTLS ds nw longer passible. pressing uphil] is preterahle o TAL,

Therma! Window Pane

Heating during nominal TAL eniries is severe. With @ thermal windew panc latiore, RTLS 15
pretenithle becuuse of s more benaen heating eharaclerstics.
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Post-MECO Perfnrmance Abort Boundaries

After MECQ. a compuier program cailed the Abon Maneuver Evaluator { AME} is used by MCC
to determine what abort oplions are cumrently available. And. it also provides recommendations
for the selection of & nominal. ATO, ADA, or AGA-shaliow wareet for OMS-1 and OMS-2
maneuvers,

The crew also has insight into post-MECO abert options on their OMS 1/2 TG TING cue card,
which is used for MECO underspeed cases. Figure 2-5 15 an example of a direct insertion cuc
card. The card is based on preflight data and may vary from the AME.

The abort boundaries are given as a functon of the ¢urrent energy state (height of apogee (HA)
plus height of peripee (HP}) and the percent of OMS prepeliant remaining. The smaljer the vaiue
of HA + HP, the larger the underspeed. Depending on the magnitade of the underspeed. the cue
card wlls the crew what abort or OMS- L/OMS-2 targets are required. For example. if the MEC(
conditions fall hetween the two bold vertical lines, no OOMS-I bum is required. and a PEG 7
OMS-2 burn is performed | minute before apogec {TTA=1).

IJ the MECO conditions fall to the left of the bold venical line, abort targets (or OMS-1 and
OMS-2 will be used. For example, ATO/MIN HP (85 NM) means that an ATO target will be
used for OMS-1 and a larget that raises HF to 85 n. mi. will be used for OMS-2. Above the
largel names. there are circled numbers indicating the target ID number that can be used to enter
Lhe wrgets with an hem 33 entry on the Maneuver display. This item entry will automaticutly
bring up the abort target selecied. However, the tarcets will still need to be loaded with an

hem 22

The only abort given on this card that does not reguoire an (PMS burn is 2 post-MECO TAL.,
which may by required tor severely large underspeeds,

.
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Post-MECO Systems Aborts

Another coe card that provides the crew with abort options is the (OMS 2 TARGETING cue card
{Figure 2-6). This cue card is used for criical systems tailures or OMS failures that occar belore

the OMS-2 bum. For the piven systems failures, the capability 1o continue the mission or o reach
the desired orbit has been lost: therefor, an aborr is required.

In the case of @ MECO underspeed and a sysiems [ailure, Lhe worst case abort is performed. For
example. if there is a MECO underspeed that requires an ATO, and there is a post-MECQ cabin
leak that requires AQA, then the AOA is performed.

OMS 2 TARGETING
{DIR INSERTIOM)
FAILURE OMS 2 TARGET
OM3 - = KZTKs
{Peromm burn N
Single QS Ergh
DME - 1PRALTTE PEGT.TTA =1
- 2 OME ENGs CUTCFEHR =[gg]
- lor Z2He TRs
SPE - MNAARB MMEAZC
MNA & G
ZTEEP
OME - 20X ar 2 FU TKs ACAS
- IO ATLK
diff FOOs
2 FREGN LOOPS A A
2 H20 Lagas
CABIN LEAK
(EDRni 2 08
ARLIHYD - 2. & < falng A4
CRYD. AL DIH2 A8
oMS
he i: [ L
NiABO {3270 G
hfa AO 2870 4r
MiA T 257D aC
200 637 235d 20
AEF0 B0 21400 8

AT 0

Figure 2-6. OMS 2 TARGETING cue card
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Questions

Answars t0 these questivns are found in Appendix B.

. During powered [light, whai three types of cues are normally available @ provide the crew
with information about abort mode boundaries?

-2

Define the following MOCC voice calls:
a. Two-Enpine TAL
b, MNegatve Retumn
- c. Pressiwo ATO
d.  Single-Engine OPS 3

E"J

Prags 10 MECD

I.  Singele-Engine TAL

Single-Enging Press

L

ek

Defing the following boundaries listed on the NO COMM MODE BOUNDARIES cue card.:
p NEGTaAL

b, LAST PRE MECO TAL

¢. LASTTAL

4o What dothe tck marks RTLS and GO represcnt on the TRAD display?
5. Listthree systems Yailures that require an abort pre-MECQ.
6. What 13 the OMS 112 TGTING cue card used for?

7. What 15 the OMS 2 TARGETING cue cacd used for?
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Section 3
ATO/AQA Powered Flight Phase

Objectives

Upon completing this section, the student should be able to:

* Name three software functions that can aid ascent performance and are consequences of ATO
sefection during powered flight

* Describe the difference between a2 nominal MECO target and an ATO MECO 1arget

» Describe the benefit of abort shaping

+ (uven certain imtial conditions, determine the resulting nclination due 1o variable IY stegring
= List three reasons for performing an abort OMS dump during powered fiight

s Describe the ATOQ OMS dump configuration

s Describe how to manually stop an ATO OMS dump

*  Describe how to initiate an ATO pre-MECO

ATO and AQA Abort Options

The implementation of the ATO and AOA abort aptions is highly dependent on specific flight
planning  The pavload weight, orbital inclination. orbitat altitude. and propellant leading all have
their eflects on the performance capabilities and requirements for a flight.  The flight software is
desiencd to accommodate the varying mission requirements for guidance, navigation, and flight
control

Onc way this accommodation is made is by defining parameters that can be changed for specific
flights These vanables are calied initiabization loads. ar I-loads. Many of the ascent zuidance
perameters, including the MECO tareet. are examples of -loads  Some software functions can be
inlubited tor a given hght by seting cenain I-ioads equal to zere 1t is important to remember
thal not all of' the capabilities designed into the sofiware are used for all flights Therefore. ATO
selection does not always affect ascent guidance. Initiatton of an ATO is only required for flights
tn which OMS5 propellant must be dumped pre-MECO 1o decrease overall vehicle weight, which
tn Turn increases performance  This sequence is required in order to prevent disposing of the ET
tin populated areas

A pre-MECG ATO can be selected for perfermance problems er critical systems failures. An
AQA cannot be selected pre-MECO. but if 1t 15 known pre-MECO that an AQA is required, an
ATO may be selected with a subsequent post-MECO downmode 10 AQA

TOM47A -



For systems (ailures, continuous ATO/AOA capability exists from lifi-off (o a short time (mission
dependent) before OMS-2 ignition. However, for an abort situztion other than performance
problems, the crew does nol select an ATO/AQA abon until post-MECO. There is nothing to be
gained by seleciing the abort pre-MECC.

Thercfore, an ATO is vsoaily initiated pre-MECO for a main engine failure or a known
performance problem. I an AT is selected, guidance may perform one or more of the following
functions as well as the functions performed during a nominal ascent:

1. Select ATO MECO targets
2. Initiate variabie TY steering
3. Iniiate sbort dump sequence

Tes achieve AT capability for early SSME failores, a more faverable MECO larget may be used.
Also, to achieve earliest abort capability. a variable I'Y sieering oplion is available, which changes
the orbital plane targen oot vecior normal to te orbital plane) at MECO from the noniinal ascent
valug w1 4 current, in-plane performance-aptimom value for an ATO. Tn addition, Lhe available
{IMS propellant may be bumed pre-MECQ., leaving only encugh propellant for limited on-orbil
and deorbil usage.

ATO MECO Targeting

The ATO MECO) tarect selection software dewrmings whether the romiinal or ATO MEC(O)
tareet will be nsed by the ascent second-stage guidance in the event of an ATO.

An ATO MECO wrgel senis an 1-loaded warget. consisting of & velocity magnitude, radios
magnitude. and thightpath angle. The current philosephy 1s o set the AT Iloaded wrees at the
sane valoes as the pominal MECO T-leads. The ATOOMS- | and OMS-2 wreets zenerate the
AT orbil, which typically 15 lower than the noming] erbit.

Hoan AT has been reguesied. the soltware mest deeide whether the goidanee shoold semain
targetet 1o nommmal MECO or he rewareewed for the AT MECOL The decision 15 hased on i
weloviy whoen the main engine {ails

Tuere 1na mastmum -Joaded velocny. cailed the AT switch velocity, at which the ATUO MECT)
treet will ne longer be used. 1 the wefovity at engine (ail is less than this switch velocity.
gutcance will be targeted for the ATO MECO. The nominal MECO targst will be maintaiged if
thee wedowsily at engine fail is greater than oregual w the switch velocity. Cuorrently. swilch
velogity 15 tymcaliv set well past nominal MECQ velocily, so the ATO targets are always used.
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Variable lY Steering

" Variable TY steering is another abort function that is intended to reduce performance requirements
and to achieve earlicst abon capability. This reduced performance is achieved by changing the
orbital plane target al MECO from the nominal ascen: value 1o a current, in-plane pertormance-
optimum vatue for an ATO (Figure 3-1). By changing the orbital plane, the vehicle thrust is all in-
plane, which opumizes fucl usage and performance. This function is used for orbil inclinalions
greater than 28°, where out-of-plane steering is done {0 achieve the reguired higher inclination
and may also be used for 28° missions that usc variable steering for ground-up rendezvous.

IY refers to & unit vecior perpendicular to the desired orbiral plane that implicily specifies the
inclination and node constraints. The most efficient way to lannch 2 space vehicic is due east into
an orbit with an inclination equal to the latitude of the launch site {28.5° for KSC1. However, that
will not always be the inclination that is desired {for a mission. To achieve an orbil with a different
inclination, the vehicle must gradually swer its velocity vector loward the desired orbial plane.

Il an ATO abort is declared and the variahle IY steering option is selecied, guidance changes the
nominal 1Y target 1o the current in plane value, In other words, no morc stccring is done so thar
downrange velocily can be gained as efficiently as possible. However. if the orbit inclinatiom at
the: time of the abort 15 less than the minimum acceptable inclination that is defined pre-mission.
then tha Y target is set equal (o a minimum IY valuz. This means that out-of-plane sieering

cortinues until this minimum inclination is rcached.

Absoo i the velority at the time of the abort is greater than or egual 1o a premission stored.
missien conlinuabion velocity criterion. the vanable TY flag is se1 1w OFF so that the nominal [Y
tareat s maintained. allowing mission continuation.

Fiamned
melination

Resulting
inclimat:on

Due east, 287
inclinatron

varzable |Y
sieering engaged

- TO4Iaad

Figure 3-1. Result of variable 1Y steering
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Pre-MECO OMS Dump

" The pre-MECO OMS dump initiates immediately upon AT selection and termunates based on
gither a constant or ramp dump timer. There are three reasons for performing a dump: {I)to
contro! the Center of Gravity (c.g ) of the vehicle, (2) to reduce overall weight for ianding. and
{3} to raduce overall weight in order to improve performance in powered flight. Smce excess
propellant can be bumed during the deorbit burn to control the ¢.g. and reduce landing weight,
the primary reason for & pre-MECO OMS dump is to increase uphill performance.

The dump is contrelled by the abore control sequence as is the case for all dumps. The ATO
dump configuration is flight specific and changes from fiight to flight. As mentioned previously,
the dump may be fixed in duration, variable, or 2 combination of the two. The software actually
calenlates the OMS dump time as a functien of the main engine-out velocity.

Figure 3-2 shows an example of a typical ATO dump  As shown, for early ATO aborts (engine-
out velocity less than or equal to a premussion stored velocity), a constant burn duration sequence
is performed. The OMS propellant burn time 1s decreased lmearly as the engine-out velocity
increases in an effort to conserve OMS propellant for on-orbit usage. Ifan ATO is selected with
three main engines running. the OMS dump time is based on the vehicle’s velocity at ATO abont
deceleration {i.g., when the abony pushbutton is pushed}.

L=

B3NS prapetlant burneo pre-MECO

S
V_LIN v_ZERQ

SSME-OUT veincety, WV ME_OUT

TOnd s Bl

Figure 3-2, MY bumn daration scating for AT dumyp

The dump ts accomplished using the two OMS engines  1f OMS propellant loading quantities
require a higher burn rate than available through the OMS engines, an OMS/RCS interconnect is
performed, and the 24 aft RCS jets can assist the dump. Interconnecting with the RCS jets i
derermined by an {-load specific for the AT( abort dump.
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The ATO dump is based on a timer. At abort selection, the appropriate I-loads set the timer and
determine whether an interconnect is to be executed. The dump through the OMS engines will
occur aimost immediately. If imerconnected, the RCS jets beein to fire 3 seconds afier the OMS
engines fire.

The interconnected dump will normally select 24 RCS jets for the dump. However, if smart
interconnect has detected a problem in cenfiguring for the dump, 10 RCS jets or no jets may be
selected. Smart interconnect is a sofiware sequence that confirms the vaive positions o ensure
OMS propellant reaches the RCS jets The RCS crossfeeds, RCS tank isols, OMS B crossfeeds.
and jet availability are checked in that order. 1f one RCS leg is unavailable because of any of the
above valve failures, that leg is unavailable on both pods to allow symmetric dumps. The affected
manifolds are reiurned to feed from the RCS tanks, and the resulting OMS propeliant burn rate is
adjusted accordmgly to provide an accurate value of propellant burned. Additicnally. the
interconnected durnp i1s limited 1o just 10 jets if any one ley is unavailable. This is done to prevent
unwanted pitching moments from asvmmetrical jet firings. After the necessary burn has beer
accomplished. all propellant feed paths are retumed to the normal configuration.

SPEC 51 is the crew interface to the abort dump software (Figure 3-3). This display shows the
dudtyr iy aciivity counimy down as the dump is in progress (OMS DUMP TTG) The status
of the interconnect is also shown and may be toggled from Enable {ENA) to Inhibit {INH) and
vice versa while the dump is in progress with an ITEM $ EXEC. ltems 6 through 8 enable the
crew 1o manually start and stop a SPEC 51 dump.

Whether interconnected or net, the dump continues until the expiration of the timer. as displaved
on SPEC 51 As a precaution, the dump stops at MECO regardless of the time remaining. The
crew 15 also provided with a cue card that gives the dump time for interconnected and non-
imerconnected dumps (Figure 3-4}
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ATO Pre-MECO Abort Selection

The crew can request an ATO by serting the abort mode rotary switch 1o the ATO posinon and
pressing the abort pushbutton or by item entries on the OVERRIDE displav {SPE( 51) shown m
Figure 3-5. Item 2 EXEC followed by Item 3 EXEC allows an ATO abort in MM 102, MM103,
and MM104. Ifan ATO is selected during MM102, guidance selects ATO targeting upon
transition to MM 103, ATO targeting is scheduled immediately if an ATO is selected dunng
MM103.

'/d_ PR I I ovzFn [E DTSl 0TSl
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Figare 3-5. Abort selection on OVERRIDE displuy (SPEC 515
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Questions

Answers to these questions arc found in Appendix B.

1. Name three software fonctions that can aid ascent performance and are censequences of
AT salection during powered flight.

2. What would vou expect to be the major difference between the nominal MECO target and
the ATO MECO (arge(?

3. If the planned inclination for your flight is 57°, and the I-loaded minimurm inclination is 32°,
what inclination results if an ATO is selected because & main engine has failed ai one of the
following poims?

a.  Very early. when the cument TY vector represents an inclination of 2¥°,
k. Later, when the current [Y vector represents an inclination of 407,

¢.  Near MEC(), when the current TY vector represents an inclination of 57°.
4. List three reasons for perioming an abort OMS dump during powered flight.
5. What normally stops an ATO OMS dump. a sottware umer or @ guanhty limit?

i, During an ATO OMS dump:
a. Ts OMS propellant ever dumped through RCS jets?

b, Are OMS engines and RCS jeis ever baming at the same time?
Whil is the simplest way o manually stop an ATO dump?
K. Dueseribe how 1o select an ATO before MECO.

Y If the abon rolary switch does not work. how do you select an ATO betore MECO?

“D4aTa "
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Section 4
ATO/AQA Post-MECO Actions

Objectives
Upon completing this section, the student should be able to:
s [dentify the cue card used for MECO underspeed situations

¢ Identify the most important parameters on the Maneuver (MN'VR) display that are used in
determiring the target for an underspeed situation

= Given an underspeed scenario, determine the abort target required
» Descnbe the three GMS-1 burn target options on a direct insertion mission

o Desernibe the OMS-Z burn tareet opnions on 2 direct insertion mission

Maneuver Display

The display that appears automatically at the transition to MM 104 ts the MNVR display
{Figure 4-17 Several of the items that apply to abort targetmy are described below. For more
infarmation on the display, see the DP5S Dhetionary.

Display Title

The MNVH ntle can have a varietv ol prefixes and suffixes. depending on major mode and abort
niode. as shownin figure 4-2 The ATQ and AQA prefives will appear whenever the respective
abor 15 selected
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144 OMS | MNVR EXEC Nominal OMS- 1 burn [
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it AUA 1 MNVR EXEC ACA OMS- 1 bura ;
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: I
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TIG

TIG 15 the time of ignition for the bum. It is displaved as “'days, hours. mimmtes, seconds™ in
Misston Elapsed Time (MET).

Target Parameters

There are two types of targets used by guidance, Powered Explicit Guidance (PEG) 4 and PEG 7.
PEG 4 targets are stored in the scttware and are displayed automatically when the target ID is
selected. PEG 4 targets can only be used 10 OPS 1 and OPS 3, and these targets are used unlass
the specific abort requires a PEG 7 target. PEG 4 12rgets consists of the following individual
Parameters:

C1 and C2 deterrmne the relationship of vertical and horizontal velocity ar the target point. The
equation used by guidance 15 V. = C2 X Vi + €. For OMS maneuvers m OPS 1, the target
point is always an apogee or petigee point where the vertica! velocity is zero; therefore, €1 and
C2 are zero. For the deorbit burn in OPFS 3, the target point is known as Eniry Interface (EI). At
EL the velucle must have a vertical velocity equal 1o some nagative value, and the relationship of
vertical velocity to.horizontal velocity must be carefully controlled to permit a safe entry. For the
deorbit bumn, C1 is & large positive number with unirs of fi/sec and €2 will be a dimensinnless
number between 0 and -1

HT is the altitude at the 1arget point above the surface of the Earth in nauticai miles. For the
deurbit burn, the target point 1s E1, which is defined as an altitude of 400.000 feet (658 n. mi .y

OT is detined differently in OPS 1 and OPS 3. In OPS 1, OT is the dewnrange anyie from the
launch site to the radius vector of the target. in degrees In OFS 3, @7 is the angle from the point
of ignition to the El target point. Figure 4-3 depicts @T in OPS | and OPS 3.

Target paint
[entry
mlerdase)

8 S OPE2

TOATA

Fignre 4-3. Definition of BT in OPE ] and OPY 3
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PRPLT refers to propeilant, and the vaiue displayed is the total amount of OMS propeilant in
pounds that will be used for the OMS burn. This item entry 13 only supperted in OPS 3. In some
deorbit burns, i is desirable to bumn excess propellant for ¢.g. control and weight reduction.
Therefore, Item 18 15 lpaded with the number of pounds required for the burn plus the number of
pounds to be wasted. When a zero i5 displayed for this itermn, only the amount of propellan:
required for the deorbit burn is used. If the value displayed 1s less than the amount required for
the burn, there is no impact; the amount required is still used. .

Load and Timer ltems

Afier a tareet t5 selected and displaved, it must also be loaded to determine a bum solution. A
distinction should be made berween “selecting” a target on the MNVR display and “loading™ a
target. Selecting a target is simply displaying the target parameters on the Jefl side of the MNVR
display. Loading a target causes guidance to calculate and display a bum solution on the right
side of the MNVR display Whenever an individual target parameter is changed, the rarget must
be reloaded.

The targets for OMS-1 are loaded automatically, but in all other cases, the word LOAD flashes
on the display, and an ITEM 22 EXEC is required to load the target. The werd TIMER never
flashes, bur whenever a load entry 1s required. an ITEM 23 EXEC is also needed to start the
Cathode-Ray Tube {CRT]J timer, which counts down to TIG. The CRT timer is the second line
from the 1op in the upper fght comer of the display.

Burn Solution

The burn soluttan neludes AVTOT, TGO, VGOX, VGOY, VGOZ, TGT HA, TGT HP (sec
acronvms itst if necessary), the burm attitude {R. P. ¥'}. and Range from Entry Inierface (REI} to
the landing site These parameters are displaved when a target 1s ipaded  When a tarzet
parameter is chanped by item emiry, the burn solunon parameters goes blank until the new target
15 lpaded

Current (CURY FlA and CUR HP are the curren: apogee and perizee altitudes, they zie displaved
at all times  Helow REL there is a dispiay field that in OPS 1 displavs the Time to Apouee (TTA)
or Time to Penigee (TTP). whichever is closer  f the difference between apogec and perigee is
less than 5 n mi.. Time to Circulanization (TCO )y is displaved, and the tme field is blanked
During OF5 3. Time of Free Fall (TFF} or time to EI is displaved.

Abort Target

ltem 3% 1s used o enter OMS targets using target ID numbers found in the checklisi under OMS
TGTS or on the OMS 172 TGTING cue card. This function 15 available only in OPS |
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Abort Mode Determination

" Voice calls from MOC are the primary means of determining the proper abor mode. MCC uses
the AME program 1o make this detrmination, based on the state vector and the OMS AY
availabla.

The crew can also determine-the abort selection in the absence of 4 recommendation from MCC
by using the OMS 1/2 TGTING cue card (Figurc 4-4). The chan is designed w show abort mode
boundaries as a function of the curreni HA and HP and the OMS propeilant available. The
following steps would be used 10 determine the required OMS tarpets, using the typical cue card
shown:

1. Locate CUR HA and HP on the MNVR display and add the two numbers.

2. Notwe the ATO (OMS dump ume or the percent of OMS in one pod. Remember the ATO
dump is ramped; therefere, the dump time depends on the time of SSME failure.

3. Find the intersecting point on the chart for CURRENT HA + HP and OMS dump ume. The
regien where this point lies shows the abort targels reguired.

4. MECO Vs are shown on the chart as a crass—check for HA + HP. With exireme
uniderspeeds, the HP display may be trancared.

I the point lies o the right of the bold vertical line (MECO HA = 45), no OMS-1 burmn is
reguited. Tt the point lies to the left of the bold vertical line. some type of {MS- 1 abort target
musl be selecied. In Figure 4-4, if the point lies to the Jefl of the bold vertucal ling, gither an ATO
ar AA-shallow targer is used for OMS- 1. Each of these targel sets are swred in the sofiware
and are fdenmilted by a target ID number that is the circled number Iocawed above the abort name.
These arge U 1D pumbers are used to select the abort tareets post-MEC()L

TDa74 4-5 i,
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OMS Target Cue Cards

All of the available OMS tarpets are given on cue cards in the Ascent Checklist under OMS

TGTS (Figure 4-5). Each card gives the specific values for TIG, C1, C2. HT. ©T. and REL. The
cand also provides a range for AVTOT and a sign or & value for PRPLT. These cuc cards can be
used (o verify targels and to follow the correct sequence of targets for OMS-1 {if applicabie) and
OMS-2, There are two cue cards provided in the cheeklist for each ACA sile available. One ¢ard
provides the OMS targels for direct insertion {no OMS-1 required}, and one card provides the
OMS targets if OMS-1 is required. For high inclination flights, there is vsually omly one setof
cards. hecause NOR is typically the onlv ADA site available, For low inclination flights, three seis
ol cards are typically provided, one for KSC. ong for EDW, and one for NOR.

Target Setection

Any siored target selcan be selected manually using the ABORT TGT item on the MNVR
display. To select the targets. the crew performs an ITEM 35 + (desired IDY EXEC. The desired
targets will appear on the MNVR display along with the oew display title. If ATO was selected
pre-MECE). then the AT OMS-1 target sel and ID will actomatically appear afier the MM104
transiteon, The crew can reter to the approprate OMS TUTS cue card in the Ascent Checklist Lo
verify the tarzels.

1t the crew is not satslied with the planned bum targets, based on their evaluation or on ground
advice. they can select another target sct by executing another ABORT TGT iicm enory .
Individual target parameters can aiso be manwalty entered or changed by kevboeard entrics (1tems
1y throweh 17 on the MNVR displavh, This method can be used tor planned wrgels (hose pat
stored in the solfwanay by telerming o the OMS TGTS cue card for e arect paramoiees. This
moethiond i sise e used 1or new wareels by using numbers provided by MCC. In sddition, MCC
e the abuire o uphink targets directly o the display.,
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OMS-1 Targeting Options

All flights since STS-30 have been direct insertion flishrs; therefore, our discussion of OMS-1 is
in regard 10 abons only.

On direct insertion flights, OMS-1 is required only for significant MECO underspeeds. The
following are the OM5-1 target options

» ATO
« ADA
=  AQA-shallow (ADA-S)

Mot all of the target options will necessanily be available for all flights. Mission performance
considerations and crew procedures will determine the specific set of target options for a
particular flight.

The ATO and AQ}A-S targets are used for underspeed cases, depending on the magnitude of the
underspeed

The stared targets are desiened to provide the best possible performance for the most eritical case
in which the target 15 used. At the same time, the targets must result in a trajectory that preserves
further downmaode capability and maintains an orbital altitude that is high enough to aveid
sinificant atmosphenc drag.

Satisfving such a range of targeting requirements results in certain compromises. The orbit
resulting from an ATO OMS-! bumn is designed 1o place the Ime of apsides in the best orientarion
for an ACQA deorbit Thus, OMS burn attitudes are not alwavs horizontal in relation to the
Earl's surface  The horizontal component of a burn increases the orbital altitude, but a radial
componcel 1% necessary to shift the line of apsides. 1o some ATO cases. the radial componert can
he quite significant
OMS-2 Targeting Options
The tellowing targel options are available tor the OMS-2 maneuver on a direct insertion mission.
v o OM5-1 bum required.

—  Mominal

- PEG 7T HP-HA TTA=I

= PEGT7HP—105TTA=]

- A4

- ADA-5
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*  OMS-1 burn required {severe MECO underspeed):
- ATO
- MIN HP
- AOA
- AOA-5

Note that ali AOA and AQA-shallow OMS-2 bums are performed in OPS 3. (On an AQA, the
OMS-2 bum is the deorbit burn. )

The nominal OMS-2 targets are used following a nominal MECO {very slight MECO underspeeds
are acceptable), and the targets will appear automatically on the MNVYR display in MM105.

Shghtly larger underspeeds may require a PEG 7 target in the X direction where the current
perigee 1s raised to the same altitude as the current apogee or the current perigee 15 raised to an
altitude of 105 n. mi.

H i = y f : MR R PASTEY Ly, R B o Y - Hio
For certain system failures that require immediate deorbit {identified on the OMS 2 TARGETING

cue card, Figure 2-6), AQA or AOA-shallow targets are used for the OMS-2 burn

The OMS TARGETS-DIRECT INSERTION cue card (Figure 4-5) gives a flow diagram of the
OMS-2 targeting options available when no (OMS-1 is required. Remember not ali of the target
options are necessarity available for all flights.

The OMS TARGETS-W/OMS | cue card (Figure 4-5} gives a similar flow diagram of the
(IMS-2 targeting options available following an OMS$-1 bum  For example, if an ATO OMS-1
burn was performed. an ATO, MIN HP, AOA, or AOA-shallow OMS-2 burn can be performed.
The ATG or MIN HP OMS-2 burn may be required for large MECO underspeed, and 2 down-
mode 1o the ADA or ADA-shallow targets may be raquired for svstem failures that occur after the
OMS-1 burn - For very laree underspeeds, the A A-shallow. tarpets are used for the OMS-2
dearbit burn fol:owing an ADA-shallow OMS-1 burn

ATO Procedures

The orbital insertion procedures for AT are very similar to the nominal insertion procedures.
After completing the OMS-2 burn, the shuttie will be in an orbit 1hat is acceptable for several
revidutions  in that time, a decision will be made either to increase the orbital altitude by means
of OMS maneuvers and compiete at least part of the mission or to deorbit ot an early revolution.

There are special post insertion and deorbit preparation procedures for each of these possibilities.
A deorbit and entry for an ATO would be very similar to 2 nominal deorbit and entry. The
landing site for an ATO is most likely 10 be the same as the normal EOM landing site, however,
the orbital ground track on some flights might necessitate tanding at a different location.

TIN4TA 4-10




AOA Procedures

The procedures for AGA are quite different from those for nominal ascent. AOA OMS-2 taruets
should be selected (but not loaded) while in MM10S. The target ID entry function, which altows
the crew 1o select the AOA, must be performed in OPS | because that function is not available in
OPS 3 When an AOA target is selected, the MNVR display shows a flashing OPS 30], as shown
in Figure 4-6.

This message indicates that the guidance software is ready for an OPS transition. and it is safe to
proceed to MM301 and then to MM302. AOA targets should be loaded only in OPS 3 because
AT has different definitions in OPS 1 and in OPS 3, and a burn solution in OPS 1 15 not correct for
an AQA. '
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Figure 4-6. AtLd MNVR TRANS dicplin

The landing site for an AOA depends on the orhital ground track on the first revolution and the
crossrange capability for a particular flight  On a low inclination mission, usuallv cither EDW or
K5O will be the Janding site on an AOA  For a high inclination misston, typically NOR is the only
landing site avaitable because of ground track and crosstange constraints.

The AGA checklist procedures should be followed very closely because there are some significant
difterences from the nominal and ATO procedures. For example. the APUs are not turned off
after OMS-1 if an AOA isin progress, and if an AQA decision is made later. then the AP1/s must
be restarted  Also for certain underspeed cases. a special alpha {angie of attack) managemem
procedure must be followed. This is because the underspeed may have cansed a relatively low
trajcetery. and it i5 necessary to minimize the atmospheric drag by controlling the attitude of the
urbiter in the coast phase between the OMS-1 and deorbit burns.
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The OMS-2 burn is performed in OPS 3 and serves as the deorbit burn, IF excess propeliant must
be burned to obtain the proper c.p. or to reach the OMS tank landing weight constrants, then

. propellant wasting 1z performed during the burn. However, for AOAs caused by OMS propeilant
faitures. 21l of the avaiiable prepellant may be required for the deorbit maneuver. If necessary, aft
RCS and forward RCS propellant may also be used to complete the deorbit burn.

The entrv and landing phase of an AGA 15 sinﬁlar to a normal entty and landing,

TDEATA 4_]2 .



Questions

Answers to these questions are found in Appendix B.

1. Which cue card is used to help determine abort targets for underspeed situations?

2. What parameters on the MNVR display are most important for use in determining the target
in an underspeed situation”?

L]

Using the MNVR display betow, OMS 1/2 TGTING cue card {Figure 4-4), and OMS

TARGETS (Figure 4-5), answer the following:

a.

b.

[s an OMS-1 required?

At MECO the ieft and right OMS has 45 percent & side, and the pre-MECO OMS dump
lasted for 2 minutes 15 seconds. What taruet set should be selected”

At what TTA ts the TIG (TTA=2 or TTA=1)?
What should the TIG (MET) be for this burn?
What 15 the AV range expected for this bum?

What targe: set is loaded on this MNVR dispiay”?

4 Describe two wavs that ATO or ADA tareets can be selected post-MECO

 What are the three BMS-1 burn target options on a direc! insertion mission™

TCaTh
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Section 5
Transoceanic Abort Landing

Objectives
Upon completing this section, the student should be able to:

v List the most common TAL sites that are used for high inclination and low inclination
THISSLONS

*  With the aid of the No Comm Mode Boundanes cue card, determine which boundaries relate
to TAL capability

» Describe twe methods to initiate a TAL in the shuttle software

« Confirm that 2 TAL has been zelected in the onboard software

s Nefine the parpnse of variable TY steering

» Describe the actions for proceeding to OPS 3 in a normal TAL sequence
= List four reasons for the MM304 post-MECO dump

+  Describe the requirements for TAL site redesignation

The TAL mode was developed during preparations for STS-1 and has evolved from a manual
procedure ino an automatic abort mode  The purpose of the TAL mode is to provide an ingact
aborl option prior o the earliest Press to MECO boundary, for the loss of petformance. TAL
capability usually occurs prior to the last RTLS capability and is generally preferable 1o an RTLS
abirt

The TAL made 15 also useful for systems failures that occur after the last RTLS opportenity 162
cabin leak or vehicle-coohng problem is found to be oo severe 1o suppon an AQA. then a TAL
could be initiated to permut an earky landing. OMS tank failures that ocour during ascent, which
reduce the AV capabilities below tha! required to support an ATO or AOA, could be supporred
by a TAL abort In this manner, TAL capability is any opportunity across the Atlantic ocean but
before AOA capabiliry is achieved. TAL aborts can be declared post-MECO.
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Landing Sites

Normally 10 TAL sites are carried in onboard software o support TAL abors. Three of these
sites typically are supported by NASA personnel for each flight. These are the pre-MECU sites as
a general rule.

The TAL sites chosen are those closest to the ground track of the orbiter in order to lmit cross

range when flying the entry portion, Figure 5-1 shows the location of overseas landing sites and
the orhiter ground track for various inclinations.

Figure 5-1. frbiter ground tracks for various inclingtions
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High inclination flights will target Zaragoza Air Base (ZZA), Moron Air Base {MRN), and Ben
Guerir {BEN). ZZA is usually the prine TAL site; onty one TAL site 15 required 10 be go-for-
launch.

Low inclination flights will target Banjul Gambia (BYD), BEN, and MRN. For low mclination,
BYD is usuzally the prime TAL site.

(nher landing sites are available for late or post-MECO TALs. The landing sites available in the
software are listed in section 7 of the Ascent Checklist in the Landing Site Table,

Abort Mode Boundaries

The TAL boundaries are relayed to the crew from MCC. Deternination of the boundartes is
based on real-time eveluation using the ARD operated by the Flight Dynamics Officer (FDO). If
communication is lost with MCC, the ¢rew can used the No Comm Boundarnies cue card from the
Ascent Fhpbook (Figure 5-2). These boundaries are determuned in the fhght design phase. In
addition an Abort Summary cue card is also carried onboard. Figure 5-3 shows the Abort

Summarny cue card for 818-67, 2 low inclination fhpht utibzing BYD BEN and MRN

NO COMM MODE BOUNDARIES

MEG RETURN [1D4) 8300 | 2 ENG BYD (104} 5700
PRESS TD ATO (104)  5100° ABOAT TAL BYD (3)
| 52 oPs 3 BYD (109 11800 | =C ¥  I——
SE OPS 3 BYD (1oeis [ ]
_PRESS TO MECO {104)12000 | SE BYD (104} 57 T |
| wzs mamne e <2200 | 2 ENG BEMN (104 5100
l ABORT TAL BEN (2)
| 5E BYD {104] el —
- LEG BEN 104 15202 | SE OPS 3 BYD o [
_ SE OPS 3 BEN (109K [_____1
SZ PRESS (109 15700 | oo aen 10e) o =,
' ]
| SE PRESS {104 16300 3 ENG MRN (104] g |
L ARZTEEENIIC AL ZED ABCHT TAL MRM (3) !
_AST T EG VI i
A z2+3 | BE OPS 3 BEN 091 ],
moE 24202 | SE BEN (104 4 I
MR i | SE MRN (108 m ]

Fipure 5-1. No comm mode boundaries for STh-67
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ASCENT/ABCRT SUMMARY
- (67 FLT CY)
IED SEF 15,4 5.0
| | 1
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FIRSTSTAGE | SECOND STAGE B0A [ore] TAL PAESS
2 EDQ 9.4 119132 .4
5E 5E
| | | BYD PTM
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&2 120 180 240 asn 380 420 +80

Figure 5.3, 5TR-07 ASCENT/ABORT SUMMARY cue card

TAL sbart capability is available from the Two Engine (Prime TAL) through the NEG (TAL)
boundaries. There will be overlapping of the availability of the sites, but because of the ground
Irack. the sites may or may nat have identical boundaties.

The SE OPS 3 (TAL site) 109 houndary represents the garlies point al which OPS 3 soltwarpe
wiil he used W execule an éborl with only one engige ruanng. This boundary also reguires a
enaximunt theottle sctting of 109 percent. which is selected by dtem enery on SPEC 51, The Single
Enzine {TAL sile) boundary is the point thal guarantess the performanee o reach the landing side.
A lhrottle senting of 104 or 10U pereent finclination and site dependeni) is reguimed at this
huoundiery.

Fur severe underspeeds, o TAL may be declaned post-MEC(L This capability is available

crmming aroend 4 Wy of 23K (fight speeilich until Alra-shaliow capatality. Post-MECCO TALS
arc usually declored using SPEC 51, An asterisk placed next G the tem enary confirms tha the
TAL gher aclually has been initiaied.

Abort Mode Selection

Pre-MECT) abort selection s accomplished using the rotary swilch on panel Fé 1w select TAL.
The abore s aclually executed when the pushbutton is pressed. 17 the abon rotary switch or the
pusibotton 15 broken, a TAL sall can be accomplished using SPEC 51 with an Liemn 1 and lLiem 3
entry. Veritying that TAL TRAJT replaces ASCENT TRAJ confirms that the TAL abort 15 being
exccuted. Pust-MECO TAL declarations would not bring up a TAL TRAT therelore, a SPEC 51
abort is prefemed fur the immediate conlirmation.

TD147A 5-4 oo



Procedures

Upon selection of TAL abert, the commander {CDR) and pilot (PLT) begin using the TMT cue
cards from the Ascent Flipbook (Figure 5-4). Pre-MECOQ, the CDR verifies Tunway seiect‘mn and
TAL capability, based on velocity. The PLT monitors the OMS dump. Any actions associated
with 2 second engine out are also executed by the PLT.

At MECO, the crew monitors ET SEP and software transitions to MM304. In additiup_ Tunway
capability are reevaluated for site selecrion. After the transition some of the entrv portion is
similar 1o nominal EOM entry. The shortfield speedbrake is avtomatically selected for TAL .

TAL CDR
P\ = [23000) manual MECC 4ok Pos) MECD
AHORT TAC
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Guidance

After TAL is selected, the shuttie indicator and predictors on the BFS TAL TRAJ display begis
following the upper TAL trajectory line. MECQ is targeted about 2800 n. mi. from the landing
site, depending on MECC veiocity.

Variable I'Y steering is initiated at the time of abort to reduce the cross range or out-of-plane
distances the shuttle is required to glide after MECO. The software attempts 10 bring cross range
to withtn 500 0. mi. at MECO. The ianding site is selected using SPEC S0, and should be
selected prelaunch. A roll to heads up occurs at a velocity of 15 4k fi/sec (about 14 9k ft/sec for
hgh melinatien) to ensure a proper attitude for ET SEP and reentry and is performed at a 5
deg/sec rate. If TAL 15 selected afier 19.0k ft/sec (20.2k fi/sec for high inclination), the rol is
delayed until post-MECO (OPS 1 or 3). Between 15 4k and 19.0 k fifsec a rol] will occur
immediatly at abort selection.

Post-MECO, an OPS 3 PRO is performed and the software scrolls to MM304. A check 1o
confirm that the Backup Flight System (BFS) moved to OPS 3 should also be performed. If the
orbrter 1s not already heads up, a roll is performed automatically afier the MM304 transttion.

Abort Dumps

Dumping of the OMS propeliant begins almost immediately after TAL abort is selecied. The
dump is accomplished to meet landing weight constraints of the OMS tanks and the orbiter. as
well as management of the ¢ g for gliding entry

The dump is accomplished using the 1wo OMS engines. The 24 aft RCS jets can assist the dump
if required  inlerconnecting with the RCS jets is determined by an [-load that is specific for the
TAL abort Omce a TAL s declared. (he interconnect may be togpled between ENA or INH IF
the necessary dump cannot be completed pre-MECO, the engines throttle back 1o allew for more
burn time  Thas point is determined by comparing abort declaration to an I-load velocity

A good pornon of the propellant 1s reserved for a post-MECO MM304 dump  This dump
provides a separairan from the external tank and helps reduce wing leading edpe temperatures in
addion 1o meetung weicht and c.¢ constrains cited earlier  Bejow Mach 8. an afi RCS dump 15
executed to turther reduce weight and manage orbiter e Figure 3-5 shows an abort dump cue
card trom the Ascent Tlipbook.

T AL abort dumps, kike all abort dumps, are based on a timer At abort selecuian. the appropriate
I-loads set the imer and deiermne whether an interconnect is to be executed. The dump through
the OMS engtnes oceurs almost immediately. If interconnected, the RCS jels bepin to fire 3
seconds after the OMS engines fire.

Smart interconnect 1s available in all abort dumps and is deseribed in section 3.
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SPEC 51 is the crew interface with the abort dump sofiware. This dispiay shows the dump timer
actively counting down as the durmp 1s in progress. The status of the interconnect is also shown
and may be toggled from ENA 10 INH and vice versa while the dump is in progress

The MM304 dump is ENA or INH, based on the expected pre-MECQ dump accomplished If the
total OMS quantty is grearer than 36 percent, an interconnected dump is commanded. If the
interconnect is enabled. the OMS engines are commanded 10 fire 5 seconds after dump stant with
the RCS jets beginning to fire 2 seconds later. Smart interconnect software performs the same
steps past-MECO as it did pre-MECQO. It 1s important to realize that the determination of 36
percent is not done with gauging, but by I-loads for what is expected to be accomplished pre-
MECD

If the interconnect 15 inbibited, RCS jers begin firing &t durnp start for a duration of 20 seconds.
The OMS engines will begin firing 15 seconds later, which allows a settling of the OMS
propeliant in the tanks.

Whether interconnected or not, both dumps will contmue until the expiration of the timer, as
dispiaved on SPEC 51, The cue card gives a percentage as a cue for dump stop, but this should
oniy be used as a secondary cue. 1fthe narmal ioads on the vehicle (Nz) reach .05 times the
acceleration of gravity, or 0.03g, the dump terminates, regardless of time remaining  The desien
of the 1anks does not suppert operation under acceleration in axes other than the X-axis direction

Landing Site Selection

The possible TAL sites are listed on the No Comm Mude Boundaries cue card for each mission
The selection of which site to use on the day of launch is based on the earliest capability to a field
that 15 available and within weather constraints. For example. a low inclination mission would
normally use BYD as the prime TAL site. If however, bad weather is observed at BYD on the
dav of launch. BEN wouid be chosen as the priman TAL site  Duning the flight, a call to reselect
BYD would be made at the Press 10 ATO boundary  In this case, the performance capability
would still allow the vehicte to make it o orbit. burl the perfurmance associated with Two main
engines down would not be encuph to get within the required cross range te the out-ot-plane site.
Secondlv. with two failures. the stringent weather constraings arc waived Ifa site is down for
reasons other than weather. or if the weather s extremels intolerable, the redesignation 1s not
called ter Only one good TAL site is required for launch constraints to be met

Site selection tor post-MECO TALs are also made real time. The MECUD velacity will be the
primary cue tor the crew 1o determine site capabiiitv This is directly related 10 gliding range (o
the figld Landing sites can be selected and reselected throughowt OPS 3 Energy management is
less efficient the later such selections are made No-comm guidance for pose-MECO TAL landing
site selection 15 available in the form of a bar chart on the TAL PLT checklist
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Questions

Answers (¢ these questions are found in Appendix B.

1. ‘What are the most common TAL sites used for high inclination and low inclination missions.
respectively? '

2. What capability does the SE OPS 3 (109) boundary provide?
3. How does the crew select a TAL?

4., " What confirming cues are available for the crew to determine that a TAL has been selected in
the onboard software”

5. What is vanable TY steedng designed (o accomplish?

£, Inanormal TAL sequence. do vou proveed w0 OFS 3 by doing an OPS 301 PRO or by an
OPS 304 PROY

T Whyisa pns*-.-MIECD OMS dump executed ona TAL?Y

ko When isa TAL stw redesignation required prelaunch? In flight?
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ACLS
AME
AGA
APU

ATO

BEM
BFS
BYD

g
CDR
CRT
CLI

AVTOT
DPs

ElW
El
ENA
E{N
ET

FD{)

GPC

HA
HP

Appendix A

Acronyms and Abbreviations

Approach/Landing

Angmented Contingency Landing Site
Abon Maneover Evalualor
Abon-Onge-Arcund

Auxaliary Power Unit

Abort Region Determinator
Abor-to-Orbit

Ben Guoerir
Backup Flight Software
Banjul Gambia

center of gravity
Cornmander
Cathode-Ray Tube

CUITent

total AV required for an OMS mancuver
Data Processing Sysiem

Edwards Aur Force Base
Eniry Interface

Enahle

End-of-Mission
Exwmal Tank

Flight Dynarmics Officer

General Purpose Computer

Height of Apogee
Heighl of Perigee



Thasa

HT
BYD

ID

IS{L

KSC

MO
MECQO
MET
MM
MNVR
MEMN

1. mi.
MUR

OMA
(5

PASS
PECG
PLT
PRPLT

RCS
REIT
RTLS

SEF
SRE

altitude of target
Hydraulics

Iteniification
Inhibit
Isolation

Kennedy Space Center

Mission Control Center
Main Engine Cutoff
Mission Elapsed Time
Major Mode

Maneuver

Maoron Air Base

nautical miles
Ionhrop Flight Strip

Ortrital Mancuvering System
Operadonal Seguence

milch

Primany Avionics Sl ane Systen:

Powered Explicit Geidanee
Pikot
Prupellunt

rali

Ruaction Contril Svstem
Range from Enry Inlerface
Return to Lannch Stie

Separation
Solid Rockel Booster

A2



SSME
S5F

VGOX
VGOY
voQoZ

FFA

TO147 A

Space Shuitle Main Engine
Space Shuttle Program

Terminal Arca Energy Management
Transoceanic Abort Landing

Time of Free Fall

Time 10 Go, time left on OMS bum
Target

Time of Lgnition

Trajeciory

Time 1 Apogee

Time to circularization

Time 10 Go

Time to Perigee

Inertial Velocity

velocity 10 go in X direction
velooity [0 goin Y direction
velocity to goin Z direction

Yom

Zaraporu Air Base



Appendix B
Answers

Answers to Section 1

1.

The difference between a standard insertion and a direct insertion is that a standard msertion
has both an OMS-1 and an OMS-2 burn, and a direct insertion only has an OMS-2 burn.

A MECO velocity that is less than the target velocity is called an underspeed
The four types of mtact abons are ATCO, AGA TAL, and RTLS.
The typical orbat for an ATO 15 105 n. mu.

The consequences of an AOA-shallow are that the vehicle is exposed to a longer period of
atmospheric heating and to less pradictable aerodynamic drag forces.

b

Tho arivamr maans to calacrt aon ATIY ar TAT el fireaner tha sahart rodnme o h tr s
FRRE PR NS T SEIRAANIL AT WwTaraen wRER O 48 ner WL 4 0 REe B0 W) RRALSWGIEMR LiFR OATLALL RS Y HH

desired position and then pushing the abort pushbutton,

The backup means of selecting an ATO or TAL abort is by performung an ITEM 1 EXEC or
ITEM 2 EXEC, respectively, on SPEC 51 and then performing an ITEM 3 EXEC.

Answers to Section 2

1

I3

During powered flight. the three rvpes of cues nosmally available to prowide the crew with
mformanion about abert mede boundanes are voice calls from the MCC, velocity boundaries
on the MO COMM BOUMNDARIES cue card, and uck marks on the TRAJ display

MOC vonce calis are defined as follows

a  Two-Engine TAL - Earliest peint at which a TAL could be achieved with onlyv two good
main engines

b Negative Return - Last opportanity to achieve an RTLS

¢ Fress 1o ATO - Earliest point at which at least an ADA could be achieved with only two
good maip engines  An OMS dump is required

d  Single-Engine QPS5 3 - The first point after which, for two engine failures, the crew wil!
abort downrange using OPS 3 {Droop procedure} sofiware.  Prior 1o this point, the loss
of two engines requires a contingency abort using OPS 6 software.

¢.  Press to MECO - Earliest point at which at least an AOA could be achieved with only
two good main engines.
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f  Single-Engine TAL - Earliest peint at which a TAL could be achieved with only one
good main engine

g Single-Engine Press - Earliest point at which at least an AOA could be achieved with
only one good main engine.

The boundaries isted on the NO COMM MODE BOUNDARIES cue card are defined as
follows:

8. NEG TAL - L.ast opportunity t¢ achieve 2 pre-MECOQ TAL to this site
b. LAST FRE MECQ TAL - Last opportunity to select a pre-MECO TAL
¢ LAST TAL - Last opportunity to achteve a post-MECO TAL to this site

RTLS on the TRAJ display mdicates the last point at which an RTLS abort shouid be
selected. This tick mark usually corresponds to the Negative Return cal! from MCC.

GO on the TRA) display indicates the eatliest point at which 2 main engine could fail and an
AODA coutd shll be accomphshed. This tick mark usually corresponds to the Press to ATO or
the Press to MECO catt from MCC.

The systems failures that require an abort pre-MECO are
a OMS helium or propellant tank failures

bt APL/HYD failures

. A cabtin leak

d. Loss of crvo

e Freon loop failures

f  Main bus failures

r A crack in the thermal window: pane

¥}

The OMS 12 TGTING cue card 15 used to deterrune the type of abort required 1n the case
of a MECQ underspeed

The OMS 2 TARGETING cue card 15 used to determine the type of abort required for
varieus svitem failures
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Answers to Section 3

1. The three software functions that can aid ascent performance and are consequences of ATO
selection duning powered flight are swatching 1o the ATO MECQ targets, ensbling variable
1Y steering, and mitiating an OMS/RCS dump.

2. The major difference between the nominal MECO target and the ATO MECO target is that
the altitude for the abort target would be lower than the altiude for the nominal rarget

3 Ifthe planned inclination for your flight is 57°, and the [-loaded minimum inclination is 32°,
the mclination that results if an ATO is selected because a mam engine had failed is as
follows:

a. Very early, when the current I'Y vector represents an inclination of 28°, the resultant
inclination is 32° The vehicle continues steering to the minimurm inclination,

b. Later, when the current ['Y vecior represents an inclination of 40°, the resullant
inclination is 40%. The velucle no longer steers toward the target inclination,

¢ Near MECO, when the current I'Y vegtor represents an nclination of 57°, the resultan:
inclination is §7°. The target inclination has already been achieved.

4 Three reasons for performing an abort OMS dump during powered [light are 10 control the
¢.g. of the vehicle, 1o reduce the total vehicle weight for landing, and 10 reduce overall weight
in erder to iImprove performance in powered flight.

3 A software umer, which uses an I-loaded dump duration, normally stops an ATQ OMS
dump

¢ Dunng an ATO OMS dump, OMS propellan: may be dumped through both the OMS engines
and RCS jets, all of which are buming at the same time.

The simplest way 1o manually stop an ATO dump is 1o call up SPEC 51 (QVERRIDE
display and tvoe in "ITEM B EXEC" (OMS DUMP $TOP)

&  Toselect an ATO before MECO. turn the abort rotary switch to ATO and push the abent
pushbutton

9 Ithe abort rotary swiich does not work, select an ATO before MECC by calling up SPEC
51 and typing in ITEM 2 EXEC (setects ATO) and TTEM 3 EXEC (initiates the abort )
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Answers to Section 4

1. The OMS 1/2 TGTING cue card is used to help determine abort targets for underspeed
situations.

2. CURHA and CUR HP are the most important parameters on the MNVR display for use in
determining the targst in an underspeed situation.

3. Using the MNVR display, OMS 1/2 TGTING cae card, and OMS TARGETS, the following
are true:

a.  Since CUR HA + HP is equal to -4, you can determine from the OMS 172 TGTING cue
card that an OMS-1 burn is required. Remember, aiso, that anything to the left of the
bold verticai lme (HA = 95) requires an OMS-1 bum.

b. By following the vertical iine up from HA + HP = -4 untif 1t intersects with a 2:15 munute
dump time or 45 percent OMS quantity, vou can determine that target set 1 must be
selected (ATOMIN HP)

¢ The required TTA can be found on the OMS TARGETS - W/OMS 1 cue card (TTA =
2:00). The TTA can also be determined from the top of the OMS 1/2 TGTING chart.
MECO underspeeds between 25.2 and 22 7k fi/sec require the OMS-1 TIG at a TTA of
2:00 minutes. Also note that MECO underspeeds between 25.1 and 25 2k fi/sec require
the OMS-1 TIG 2t MECO + 2:00 minutes, winch 5 worst case.

d. Since current TTA = .52, the TIG should be targeted for 7.52 minutes from the current
MET  Add 7:32 to the current MET of 10:51. and vou will get a TIG of 18:43 MET.

¢ For this target set, the AY range expected for this burn s 148 - 6135 fi/sec. To get the
range of AV, look at the actual burn paranteters from the target set on the OMS
TARGETS cue card

f Foran ATO abort. target set | comes up loaded avtomancally with a TIG of MECO -~
2 04 rinines

4 A0 or AOA 1argets can be setected manually using the ABORT TGT item on the MNVR
display. To select the targets, the crew performs an ITEM 35 + (desired 1D} EXEC
Individual target paramerers can also be manuallv entered or changed by kevboard entries
{ltems 10 through i7 on the MNVER display}

5 ATO, AOA and ADA-ghallow are the OMS-1 burn target options on a direct msertion
TSSIoN :
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Answers to Section 5

1.

The most common TAL sites used for high inclination missions are Zaragoza, Moron, and
Ben Guerr The most common TAL sites used for low inclination missions are Baniul, Bent
Guerir, and Moron,

The SE OPS 3 (TAL site) 109 boundary represents the eardiest point at which OPS 3
software 1s used to execute an abort with only ons engine running.

The crew can execute the abort by selecting TAL on the abort rotary switch and pushing the
pustibutton on panel F6. A TAL may also be declared using SPEC 51 with an ITEM 2
EXEC to select TAL and an ITEM 3 EXEC to initiate the abort. SPEC 51 is preferred for
for post-MECQO selection or if the abort rotary switch is inoperative.

The followmg confirming cugs are available for the crew to determtine that 2 TAL has been
selected in the onboard sofiware.

4. The ASCENT TRAIJ display is replaced by the TAL TRAT display on both the pnimary
avionics software system (PASS) and the BFS machines.

b SPEC 51 shows an “*" next to 1tem 2 (when abort was initiated using SPEC 51).

Vanable IY sieering is designed to achieve a MECO target thar is within 2 500 n, mi. cross
range of the landing site.

in a normat TAL sequence. an OPS 301 PRO is performed 1o proceed to OPS 3 The
sottware scrolls 1o OPS 304. You should confirm that the BFS follows the PASS to OPS
301, and it may be necesary 10 manually PRO the BFS all the wav 10 OPS 304,

The post-MECO OMS dump is executed or a TAL 1o do the foliowing:
a  Provide additonal velocity away from the ET

b Prowvide additional velocity that helps to lessen wing leading edge temperature on the
vehicle

¢ Protect the landing weight constraint of the OMS tanks
d  Aud tn overall vehicle ¢ ¢ management

Prelaunch, a TAL site redesignation is required if the primary TAL site has weather thal is
out of himits or has a navigation aid failure. On a high inclination Mghe, there is no TAL sie
redesignarion during ascent  On a low inclination flight, a redesignation to the in-piane TAL site is
required if the vehicle was launched with a secondary site selected. The redesignation is called for
at the Press to ATO boundary
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Training Materials Evaluation
Piease answer the following questions regarding the lesson vou just completed. Your
. teedback will aflow us to produce more effective training materials. When compiete,
mai to: ControlPropulsion Graup, DTEE.

TITLE/CODE OF LESSON: _ATO/AQATAL Training Manual

SIZE OF AUDIENCES/CLASS:
1. How well did this lesson meet its purpase?
For each statement below, mark one bex on the scale: Strongly Strongly
Disagree Agree
a. The lesson cbjectives are clearly stated. | 0 0O 0O 4
b.  The lesson objectives are clearly defined. O O O
e.  The lasson effechively teaches skils and infarmation. O | 0O 0O El
o The lesson mests itz purpose and objectives. O O 0O 0O g

2. How satisfying is the content of this lesson?

For each statemen below. mark one box on the scale: Sflmﬂﬂi!f Strongly
Nisagres Aares
2. The information is structured in & logical flow O 9 0O g g
£ The coment is clear O O O 0O d
¢ The content is compiate. O 89 0O 0O O
o The level of detail is correct for this information. O B 0O 0O Od
e  The amount of information is effective, O O O O O
i The graphics comtibute to my undersianding. O O O O O

3. How appealing was the presentation of this

lesson’?
For each siatemerr below, mar< one box on the scale Strongly Strangly
Disagree Agree
a Tre overall presemtation is appealing O 0O 0O O -
b The wisuais chosen are apprapnate for the lesson O O O O 0
¢ The visuals make the mtormalion moce intereshng. O O O O O
© The graphcs ars legibly reproduced. O O O O 0O
The avcho-wvisual 2r pnel gquatly 5 good. D D D D D
4. How valuable is this information?
For each slatement below, mark one box on the scale: Strongly Strongly
Disagree Agreg
] The lesson tegohes skills ang informahion f need. 1 il L__| D D
& The lesson meefs my expectalions. O O 0O C O
c This wfammation is useful for later reference. (M| Ul D |:| D
o would recommend this lesson o others, Cl O 0O O

PLEASE WRITE YOUR COMMENTS/QUESTIONS ON THE BACK OF THIS FORM.
EXPLAIN ANY NEGATIVE ANSWERS IN SPECIFIC TERMS
THANK YOU IN ADVANCE FOR YOUR ASSISTANCE!
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