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Preface 

This training manual is intended for self-study by Space 
Shuttle crewmembers, flight controllers, and instructors 
on the subject of Contingency Abort. It is part of a series 
of lessons in the training course. You should refer to the 
training flow to ensure that you cover the lessons in the 
suggested order. 

This book isa general training document; all numerical 
data and checklist references are intended as examples. 

This document has been written for the Flight Training 
Branch, NASA Lyndon B. Johnson Space Center, 
Houston, Texas.



  

Introduction 

Contingency aborts are aborts caused by loss of more 
than one Space Shuttle main engine (SSME) in a region 
where intact abort capability is not present. Loss of one 
SSME plus another engine stuck at a low power setting 
may also require a contingency abort. Contingency abort 
procedures are designed to maintain Orbiter integrity 
throughout the abort maneuvers until a ditch at sea can 
be attempted. 

Orbiter features supporting this abort mode include the 
following: 

@ Single-engine roll contol 

@ Contingency orbital maneuvering system (OMS) 
dumps 

@ Fast external tank (ET) separation (SEP) 

The above features, plus others required (control stick 
steering (CSS) and manual throttle (MAN THR)) are 
available only in the primary avionics software system 
(PASS). The backup flight system (BFS) does not support 
contingency abort (it does provide fast SEP in major mode 
(MM) 102, but no dump capability). All procedures 
require CSS manual guidance; no automatic guidance is 
provided. The objectives of the contingency abort 
procedures are to provide the following: 
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Acceptable center of gravity (c.g.) for control 
- purposes 

Safe ET SEP conditions 

Reduced pullout severity



Orbiter Limits 

Contingency abort procedures are designed to protect the 
Orbiter from exceeding the following limits: 

@ cg.-1115in. 

e g - 800 psf 

@ Nz - 3.5g’s (mission dependent) 

@ Thermal! —- varies with structure 

ET SEP-q < 2 psf 

There are regions during ascent and intact abort where 
|= loss of three engines will result in violation of limits 

although contingency abort procedures are exercised. 
These regions may be flight dependent, but are, in 
general, as shown in figure 1. 
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Figure 1.- Regions of limit violations 
in three-engine loss. 
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Single - Engine Roll Control 

When two SSMEs are lost in MM 103 or 601, the vehicle 
cannot control all three axes of rotation with only one 
engine. Therefore, when the second ENG FAIL fiag is set, 
the flight control software limits roll commands to the 
remaining engine and instead sends them to the reaction 
control system (RCS) jets. It also establishes an inter- 
connect to the OMS, so that OMS propellant is used 
instead of RCS for the aft jets. Six aft roll, four aft yaw, 
and two forward yaw jets are used for roll control. If an 
intact dump (abort to orbit (ATO), return to launch site 
(RTLS), transatlantic abort landing (TAL)) is in progress 
when a second engine fails, the jets portion of that dump 
is terminated. 

If two engines are lost in MM 102, the interconnect is 
established immediately, but jet fire commands are not 
issued until staging. In all cases, the interconnect will be 
established whether or not it is enabled or inhibited on 
specialist function (SPEC) 51. 

If the LIMIT SHUT DN switch is in AUTO or INHIBIT when 
the second engine fails, the software will not recognize 
that the second engine is failed. Therefore, the crew must 
push the shutdown pushbutton for the failed engine to 
inform the general purpose computers (GPCs). The GPCs 
will then set the TWO ENG FAIL flag to enable single- 
engine roll control. The failed engine must be identified 
and the pushbutton pushed quickly, or control may be 
lost. 
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When single-engine roll is enabled, CSS pitch or yaw 
maneuvers should not exceed 4 deg/s or control may be 
lost. 

The OMS/RCS interconnect automatically terminates at 
main engine cutoff (MECO).
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Contingency Dump 

During a contingency abort, OMS propellant must be 
dumped (burned) to move the Orbiter c.g. into an 
acceptable region for entry. An aftc.g. of 1109 in. is 
considered the limit, although the vehicle may fly with a 
c.g. of up to 1115 in. If the c.g. is too far aft, control will 
be lost during entry. 

The contingency dump is started by the crew via SPEC 51 
(ITEMS 25 and 26) and should continue automatically until 
completion with no further crew inputs. However, 
various failures could require crew intervention. The 
dump sequence interconnects OMS propellant to the aft 
RCS systems so that propellant is burned simultaneously 
through 2 OMS engines plus 24 RCS jets. This interconnect 
is required because there is generally very little time to 
complete the dump before entry. The interconnect is 
terminated at MECO if the dump is complete, or at 0.05g 
post-MECO if it is still occurring at that time, since the 
OMS cannot feed two engines plus all the jets in a g-field. 
If a contingency dump is occurring, and single-engine roll 
control is also active (which is frequently the case), roll 
control is maintained by turning roll jets off as required 
(reverse logic). 
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A typical contingency dump sequence is shown in figure 2. 
For OI-7C, the post-MECO portion must be started 
manually. 
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Figure 2.- Contingency dump sequence. 
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Fast ET Separation 

The normal ET SEP sequence requires at least 12 seconds 
(RTLS) from MECO until ET separation. This is too long to 
support contingency abort procedures, which can be 
highly dynamic and extremely time critical. Therefore, a 
fast ET SEP sequence was created to support contingency 
aborts. The sequence is initiated by the crew's setting the 
ET SEP switch to manual and depressing the ET SEP 
pushbutton. This action shuts down operating SSMEs and 
separates the ET in approximately 3 seconds. (If there isa 
command path failure, the affected engine must be shut 
down with the engine power switches before pushing the 
ET SEP pushbutton.) In MM 102, FAST SEP also causes an 
operations sequence (OPS) mode transition to OPS 601, 
provides an automatic -Z translation, and enables a 
contingency dump. In OPS 601, 103, and 104, these 
automatic features are not provided. The BFS supports 
FAST SEP only in MM 102; it does not provide a con- 
tingency dump. 

FAST SEP may be initiated at any time in MM 102, whether 
or not any engines have failed. However, it is not 
considered a viable mode until just prior to solid rocket 
booster (SRB) separation (chamber pressure (Pc) < (50), 
when dynamic pressure is relatively low. 

Also in MM 601, FAST SEP may be initiated whether or not 
there are engines failed. However, in MM 103, a second 
engine failed flag must be set before a FAST SEP can be 
commanded. 

joo 
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Controls and Displays 

There is only one display or control feature unique to con- 
tingency abort. On the VERT SIT display, pullout Nz is dis- 
played in X.X g. When the vehicle starts entry into the 
atmosphere and passes one g, H is snapshotted by the 
software, divided by 1000, and 0.5 is added to arrive at 
the desired g-level for pullout. This is displayed as TGT Nz 
on the VERT SIT display. The crew then flies this g-level, as 
read on the ACCEL tape, until pullout is complete 
(H = -250 ft/s). 

Other displays and controls, not unique to contingency 
abort, but used to execute the procedures, are discussed 
below. 

1. Engine status lights, Pc meters, cathode ray tube 
(CRT) displays and messages, ACCEL tapes 

These displays and controls are used to recognize that a 
second or third engine has failed. Recognition must be 
fast and accurate so that the appropriate actions are 
taken by the crew in a timely manner. The correct engine 
shutdown pushbuttons must be depressed quickly to 
enable single-engine roll control. Recognition of multiple 
engines out can be difficult at times, and ground con- 
firmation can be helpful. 

2. Engine shutdown pushbuttons 

Located on panel C3, engine shutdown pushbuttons are 
used to either shut down an operating engine, or inform 
the GPCs that a second and/or third engine has failed. Ina 
two-engine-fail case, the procedures call for depressing 
pushbuttons of both failed engines. This is really not 
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required since the GPCs should know that the first engine 
has failed. However, they do not know that the second 
engine has failed because an automatic engine shutdown 
inhibit was placed on the remaining engines when the 
first engine failed. Therefore, the pushbutton of the 
second failed engine must be depressed for the GPCs to 
recognize a second engine failure. To avoid confusion as 
to which engine failed first, the crew should depress the 
pushbuttons of both failed engines. Likewise, for a three- 
engine-fail case, the crew should depress all three 
pushbuttons to set the MECO confirmed flag so that ET 
separation can occur. 

3. Flight control mode switches 

The switches are on the eyebrow panel, and control 
whether the vehicle is under automatic (AUTO) or manual 
(CSS) flight control. Depressing any one of the four CSS 
pushbuttons puts the vehicle in manual control in all axes 
in powered flight. Control can be from either of the 
rotation hand controllers (RHCs) or both (they are 
summed). However, the commander (CDR) normally does 
the flying. Hot stick downmoding is not available in 
powered flight. 

4. Manual throttle 

Manual control of engine power level is obtained (on the 
pilot’s (PLT’s) side only) by depressing the red button on 
the speedbrake/thrust controller (SBTC) handle, and 
matching the existing auto throttle level by moving the 
handle as required. When matching occurs, the light on 
the eyebrow panel changes from AUTO to MAN. At this
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time, the red button can be released and the PLT has 
manual control of the throttles via the SBTC. A return to 
auto throttle can be made by depressing the AUTO 
pushbutton indicator (pbi). When in manual throttle, the 
engines must be shut down manually when MECO is 
desired. A guidance-commanded MECO will not occur. 

Full forward on the SBTC corresponds to maximum power 
level, which is normally 104 percent unless MAX THR is 
enabled on SPEC 51, in which case full forward would 
command 109 percent. Full aft is 65 percent. During 
entry, the SBTC controls the speedbrake in the manual 
mode. 

S. ETSEP MAN/AUTO and ET SEP pushbutton 

These controls are located on panel C3. If the switch is in 
the MAN position, the ET SEP pushbutton is active and will 
command engine shutdown and FAST SEP as discussed 
previously. Auto separation will not occur if the switch is 
in the MAN position, unless there is an annunciated 
switch failure and the MM is 601. 

6. Attitude direction indicator (ADI) 

The ADI is a three-axis attitude indicator (eight ball) which 
also displays rates and steering error needles. There are 
three attitude references available during ascent, 
although only two are used (LVLH and REF). In the LVLH 
position, the reference frame is loca! horizontal, local 
vertical; and the ball displays pitch and roll attitudes. 
Yaw is pinned to zero on the ball and is instead displayed 
referenced to north on the horizontal situation indicator 
(HSI). This is the preferred mode of display during ascent 
since a true roll attitude is displayed. However, at high 
pitch attitudes (near vertical), roll becomes indeterminate 
and the ball oscillates and flips in roll. Since most 
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contingency abort procedures require near vertical thrust, 
it is better to select REF as the reference frame. This 
presents a stable, three-axis ball, and although the roll 
attitude displayed may not be accurate, it is generally not 
critical. 

7. Abort rotary switch and pushbutton 

These are located on panel F6 and control the abort mode 
and initiation. RTLS is the first position on the mode 
switch and is used for contingency abort entries (glide 
return to launch site (GRTLS) digital autopilot (DAP)). If 
the switch fails, RTLS may be selected via an OPS 601 (or | 
602) PRO on a keyboard. 

8. Alpha/Mach indicator (AMI) and altitude/vertical 
velocity indicator (AVVI) 

These are vertical tapes on each side of the ADI which 
display alpha, acceleration, velocity, equivalent airspeed, 
altitude acceleration, altitude rate, and radar altitude. 
The ACCEL tape switches scales from ft/s? in powered 
flight to g for entry (20 = 2g). 

9. SPEC 51 Override CRT display 

This display provides the controls for the contingency 
dump (and Centaur dump) and maximum throttle level 
(109 percent). Selecting MAX THROT is an irreversible 
step. A lesser throttle level cannot be reselected, except 
via manual throttle. 

10. HSI 

The HSI is below the ADI, and presents the following 
information relative to the horizontal plane:



  

a. North on the compass card is the target plane during 
powered flight. A deviation from N represents a yaw 
attitude other than zero relative to that plane. 
During entry, the compass card indicates magnetic 
heading. 

b. During powered flight, the course needle indicates 
the relative velocity vector relative to the yaw atti- 
tude of the vehicle. If the course needle is on the 
nose, the vehicle is headed directly along the relative 
velocity vector. If this needle is on the nose, and 
wings are level, side slip (8) is zero. During entry, the 
course needle indicates runway orientation. 

c. The course deviation indicator (CDI) represents beta 

during powered flight. The needle should be zeroed 
( + 5°) for MECO and ET separation. At high-pitch 
attitudes, rolling toward the deflected needle is the 
easiest way to zero beta. At low-pitch attitudes, 
yawing is the preferred method. During entry, the 
CDI is a localizer needle. 

d. in powered flight, the primary bearing pointer is 
parked at 180°. The secondary pointer is the inertial 
velocity vector. During entry, the primary pointer 
points to waypoint 1 (WP1), the secondary points to 
the heading alignment circle (HAC) center. 

e. PRI MILES is range to the runway threshold via WP1. 
SEC MILES is distance to HAC center. 

11. Translational hand controller (THC) 

The THC is the T-handle on panel F5 and is used to provide 
a -Z translation away from the ET after separation. -Z is 
UP on the handle. 
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12. ET UMBILICAL DOORS switches and talkbacks 

These controls are on panel R2. If the doors do not close 
automatically following ET separation, the PLT should 
Manually close them. 

13. Air data sensor (ADS) 

The air data probe deploy controls are on panel C3. 
During entry, they should be deployed at Mach 5, and the 
readings compared on SPEC 51. If the data looks rea- 
sonable, it should be incorporated into navigation (NAV) 
and guidance, navigation, and control (GNC) on SPEC 50 
below 105K feet and descending, so that control of the 
vehicle is maintained. 

14. Panel JETT T-Handle 

Pulling of this handle, located on top of panel C2, causes 
the escape panel at the top of the cockpit to jettison. This 
should be done just prior to touchdown. If done after 
touchdown, possible cabin deformity may preclude hatch 
jettison. 

15. SPEC 50 

In addition to air data controls previously discussed, this 
display also provides tactical air naviagtion (TACAN) 
range and bearing data for use by rescue forces. This 
should be reported to the ground prior to ditching.
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16. BFSTRAJ 1 display 

This display provides the Pc < 50 cue for FAST SEP during 
a three-engines-out in first-stage abort. The PASS TRA 
display does not provide this cue since the PASS assumes 
MECO has occurred and the SRB separation task is not 
initiated. 

17. PASS and/or BFS RTLS TRAJ display 

These displays provide information along the top 
horizontal scale required to execute the single-engine 
RTLS completion procedure. 

18. VERT SIT display 

After MECO, this display provides the pullout TGT Nz 
required. 
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After Roll complete: 
CSS (hands off) - CSS is required for subsequent 

Manual steering. CSS with no manual inputs during first 
stage stops the pitch profile and causes the vehicle to loft 
so that q is less through staging, and more OMS dump 
time is available prior to entry. CSS should not be 
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The two-engine-out BLUE region extends from lift-off 
until single-engine TAL capability is reached, which is 
normally about 13K ft/s. 

selected before the roll manuever is complete or the 
vehicle flight azimuth will be in error. CSS inputs are not 
required and could cause excessive vehicle loads. 

ME SHUTDN PB (2) -— Required to inform the GPCs that 
two engines are failed, so that single-engine roll control is 
enabled. This is not a time-critical step in first stage since 
the SRBs are controlling, but it can be very time critical in 
second stage.



  

Pc MAN 104% — Pc MAN is required to preclude a 
possible early auto shutdown of the remaining engine; 
104% is the abort throttle level. MAX THROT is not 
required. 

ET SEP- MAN - This switch must be in the MAN position 
for a subsequent FAST SEP using the ET SEP pushbutton. It 
is positioned early during a relatively quiet time period. 

ADI - REF (two) - Astable eight ball is required for near 
vertical pitch attitudes which follow. 

ABORT - RTLS (N/A TAL or ATO) - This is a preparatory 
step so that the GRTLS DAP will be available for entry. Ifa 
TAL or ATO abort has already been selected, RTLS cannot 
be selected until after MECO, when the software is in MM 
104. The GRTLS DAP has more control authority than the 
TRANS DAP. 

WhenH > 70K: DUMP - The OMS engines are not 
designed to be burned below an altitude of 70K feet. If 
above 70K feet, call up SPEC 51 and start the contingency 
dump as soon as possible. 

Post SRB SEP + EAS < 35: 

OREF = 100° ~ After q has bled off to a safe 
level, put in a pure pitch maneuver to 100° on the REF ball. 
Do not exceed 4 deg/s pitch rate. 

Roll Hds Up, B = +5° - Roll either way for 180° to “heads 
up.” Then yaw to the belly-band (toward the tail of the 
course pointer). When yaw is reasonable, roll toward the 
CDI until it is centered + 5°; 5° is full scale (two dots). B 
must be near zero for the subsequent FAST SEP so that the 
GRTLS DAP can maintain control. 
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When EAS > 7 + Incr: 
Pitch Dn 4°/sec 
ET SEP — SEP 
-Z THC 5 sec - Some G (equivalent airspeed 

(EAS) > 7) is needed on the vehicle for the FAST SEP 
event. In many cases, q will never get that low. When it 
starts increasing, and if EAS > 7, establish a 4 deg/s 
pitchdown rate. When the rate is established, depress the 
ET SEP pushbutton. ET separation will occur 3 seconds 
later. When ET SEP occurs, do 5 seconds of -Z on the THC 
for additional clearance and software moding to MM 104 
(if GRTLS not selected). Keep the pitch rate in untila = 50 
(or 40, as required) is acheived. The software should be in 
MM 602 at this time if RTLS was selected pre-MECO. 

If TAL or ATO, at MM 104: 
ABORT-RTLS, V ET DOORS - CL - If RTLS was not 

selected pre-MECO, the software should be in MM104 at 
this time. An ABORT RTLS will mode the software directly 
to MM 602. If 602 is established within 23 seconds of ET 
SEP, the ET doors will close automatically. If they don’t, 
close manually. 

MM 602: If M < 3.3,a = 40° 
IfM > 3.3,a = 50° - The recovery is Mach 

dependent. Too high ana at low Mach values (and 
attendant steep flightpath angles) may make it 
impossible to follow the prescribed g profile. 

Ly, ENTRY —- Goto the ENTRY section of the cue 
card.
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vo SRB SEP 2 243K CONT ABORT This is the ENTRY section of the cue card and is applicable 
  

  

      

  

    

      

  

    

       
          

  

  

    

      

  

   

  

      

  

      

    

          
  

  

                    

K 

ume| Hl sive NIC oe ae for all contingency abort entries except RTLS completions 
moon atte Rall complete ae STON PDD Cor nore | h and manual TALs. A shortened version is used for RTLS 
“e ersereMaN When EAP Ds. ! EES LUA Sror contingency aborts since the higher Mach numbers are 

3 ENG oer SEp- sep a MIM0@: ABORT TLS eT eee | , not encountered. OuT After ~ 10 sec: fesef outer 0 1 eae for contro! \ 

Pachupwoen +10° Roll Hids Up ‘ {wen rT Jnr a 23m I 
Roll Hds up a= 50° Os © -250 Hulda i 
a = 30° ET DOORS - CL i] an sar Sere? i 

Cy ewray Cy entry ' l 
2 ENG 

' uo SE TAL SE PRESSI 

our if BLUE WIE YELLOW lh ' 
¢ z 

After Roli complete: ME SHUTON P8 (2) ' ‘ 
Menor ey [6st] Oump start i { 

Pc MAN 108% ABORT-TAL ' \ 
ET SEP -MAN $ ; t 
ADI - REF (two) _ TAL t ADS 1 
ABORT - RTLS (N/A TAL of ATO) {AfterH 20 
When > 70K: [as1 | OUMP css OKR low and < 105K) | t 
Post SRB SEP & EAS < 35: Pc MAN 104% 1 | 

REF = 100° ET SEP - MAN 603 (RA) i 

a ABORT ATES Wow ' a : H > 70K pump i | 
Roll Hds Up, 6 = +5° Hf EAS <35: 1 ' 

CONTINGENCY | Wier nOn aie Ki H (0 a] Rreagrounen \ 
BORT ET SEP SEP * ner = 100" Jesters ' 

-2 THC 5 sec O] aro Hatch Ett 

NABORTATIS, YET DOORS -CL PMAN | RniscurcaRD” eee agar ATS) TY Se tor | a 
weuce VELCRO 

1 STUCK MIN Le enter [109% | veucno 
veucro THROTTLE PRESS TO TAL (109%) 

+1ENG OUT \(_cneen dy RED ‘|| ASO/S1-UAJFIN 1 

Rationale: 

NOTE: IF OMS He 
Press < 2000: 

DUMP STOP - This is a precautionary callout to RCS in approximately half a minute. Therefore, during 
prevent starving jets needed for control. However, unless entry, a close watch should be kept on RCS usage, and the 

~ there is a secondary failure (i.e.,a PROP or He leak), there contingency dump should be stopped if the above 
is never a problem with the interconnected dump scenario occurs. A software change was made to prevent 
completing before 2000 psi He pressure. A more likely this from occurring and it apparently works. However, it 
problem is for the vehicle to see 0.05g, terminate the is still a good idea to keep a close watch on RCS usage. 
interconnect, phugoid below 0.05g, and start firing 
uninterconnected jets using RCS fuel. This would deplete 

TD350



Set SB (Sched) ~- Guidance is not running in a downrange 
602 entry. Therefore, the speedbrake (SB) must be set 
manually according to Mach number. 

BF = AUTO 

MAN if reqd for contro! — During most entries, 
AUTO BF should control the body flap as required. 
However, for extremely aft c.g.’s, the body flap may drive 
all the way down, and the elevon all the way up, thus 
negating elevon control. If this happens, the body flap 
should be set manually. 

VERT SIT}Hold Nz (2.2 g's min) 
If M >12: Hold max g’s (s 3.1 g's) - VERT SIT should be up 
since it is the OPS display for 602. When the vehicle passes 
through one g, check TGT Nz. If it is between 2.2 and 3.1, 
fly that value. If it is below 2.2, fly 2.2 since that is.a safe 
value and will reduce q. Do not pull > 3.1 (heavy Orbiter) 
or the wings may fail. However, it is desirable to fly that 
value for high-speed entries to reduce OMS pod heating. 
Initially, flying ag profile will require reducing a (stick 
forward). However, before the pullout is complete 
(H-dot = -250), back stick will be required. 

H = - 250: Holda ; 
H = 0: Fly a Sched - When H decreases through -250 ft/s 
(approaching zero), abandon the g profile and hold thea 
existing at that time. The pullout is considered complete. 
Wait until H = 0 and slowly ease to the a schedule on the 
cue card. 

Adjust Seats —- The seats have been in the launch position. 
Adjust as desired for ditching. 

TD350 
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ADS . 
(After H = 0 
and H < 105K) - The ADS is needed for flight control. 
When below 105K feet and assured the vehicle will not 
phugoid back above 105K feet, deploy the probes, check 
outputs on SPEC 51, and incorporate air data to NAV and 
GNC on SPEC 50. Air data cannot be incorporated above 
105K feet. 

603 (RA) — Since guidance is not running (specifically 
inhibited for contingency aborts), an automatic moding 
to MM 603 will not occur. Therefore, the crew should do 
a manual OPS 603 PRO at M = 3.2. This is required to 
enable radar altimeter data to be available for ditching. 

Report Position — To aid rescue forces in locating the 
ditched Orbiter, the crew should report TACAN range and 
bearing as displayed on SPEC 50 and/or range and 
heading from the HSI. 

H = 25K 
Parallel to waves — At 25K feet, turn to a heading par- 

allel to waves. Fly a nominal final approach. 

/ BF - trail (gear up) - The body flap should be in trail, and 
the gear up, for ditching. 

AtTD: Hatch JETT - The escape hatch should be jett- 
isoned just prior to touchdown, when speed is the 
slowest. If jettison is delayed until after touchdown, the 
cabin may be deformed enough to preclude a successful 
jettison.
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uo SRB SEP 22K 243K CONTABORT 
mut If BLUE “I{{_ereen ]|[[__ reo HOOK vu 

VELCRO 2 4 Ly MANUAL TAL VELCRO [VELCRO 
HOOK AGS thandvorh , ME SHUTON PB (3) MOTE: OMS He 
VEuCRO ME SHUTDN PB (3) ETSEP-MAN EBioumrsroe 

ETSEP- MAN When EAS « 25: ENTRY 
BFS Pc < 50: ET SEP. AUTO Set SB (Sched) 3 ENG ET SEP -SEP 104: ABORT - RTLS 6F = AUTO 

OuT ~ : DuMP BAN if read for contrat 
“OFS 602 PRO uptoa ~ +10° [wrest Juownewr eg ~ old Nz gs. 

Pitch up toa~ + 10° Roll Hds Up HM >12 Hold mang’s sgh gu} 
Rolt ul a = 50° H = -250 Hokda 
ase JET DOORS - CL woo fly aSched a 

Ly entry Ly entry 

aur wo poate seal SP 
I BLUE JIL + YELLOW ye 

2 t ‘ 
After Roli complete: ( [ME SHUTON PB (2) Hot eae 
acesthands off ' oumestart Hil ,, | 4 f 

HU TA . PcMAN 104% s LABORT-TAL Hoos] 6 fh 
ETSEP- MAN bowen ee + 4 
ADI - REF (two) tm s |¥ aos 
ABORT - RTLS (Ni, or ATO) DKR 1 (after 20 
When H > 70K: oump cs AN 108% t wt oa | jana < ese) 

P&E. : oor 
Pmner Ose <3 ET SEP - MAN 32 603 (RA) 

| A Fe) | a fos 
H > 70K: [oss JOUMP 9 

Roll Hds Up, zfs ie] EAS < 35: - 
‘ONT When > ner: Kill 4 (0 ~ 0° Report Position 

Ssonrn Pitch Dn 4°sec H = + 1000: ‘ arate! to waves 
af oer er OREF = 100° fora ( rato} 
* a ate! 

If TAL or ATO, at MM 104: Pc MAN 

MMOL HM S300 ao ADI REF (two) Ly ATLS CUE CARD 
mt HM > 33.0 = 50° ABORT - TLS AUTOTHROT | pat 

VELCRO GQ ENTRY 09%] HOOF vELERO 
STUCK MIN VELCRO 

WOO THROTTLE PRESS TO TAL (109%) 

wicro | +1 ENGOUT | GREEN Hi || ASCSI-UAVFIN 1 

Rationale: 

ME SHUTDN PB (2) - For single-engine roll control. 

[G51]DUMP START - This is required because of the 
relatively short time available for a pre-MECO dump, and 
we need the 24-jet interconnected dump to achieve an 
acceptable c.g. The TAL dump will not fire the jets due to 
single-engine roll control, and there is no post-MECO TAL 
OMS dump. 

ABORT - TAL - Provides automatic TAL guidance and 
other features of TAL software. 

TD350 

   
    

   

  

The 2 ENG OUT YELLOW region extends from single- 
engine (SE) TAL capability until SE PRESS to MECO. This is 
not really a contingency abort since this procedure 
culminates with an intact landing at the TAL site. 
However, it is included because a unique procedure is 
required. 

+ 
TAL 
DKR - After MECO, go to the AUTO TAL procedures.



  

  

  

  

  

    

  

    

  

      

  

  

  

    

  

      

  

      

  

  

  
  

  
  

    

  

  
    

      

  

    
      

          

uo SRB SEP 22K 243K CONT ABORT 
me f BLUE ‘Vif encen | |[___ 0 WOOK mut 

vELeRo ¥ Ly MANUAL TAL VELERO | VELCRO 
HOOK Ane aereey ME SHUTON PB (3) NOTE TOME He 
vELcRo ME SHUTON PS (3) ET SEP - MAN EsicuMestoe 

ET SEP- MAN When EAS < 25: ENTRY 

3 ENG BES Pc < 50: ET SEP AUTO Set 58 (Sched) ET SEP - SEP MM 104: ABORT - RTLS $F » AUTO 
ouT After ~ 10 sec: less | OUMP MAN it read for contro! 

OPS 602 PRO. PRE up toa ~ + 10° [Went sit Joiner? gemny 
Pitch up toa ~ + 10° Roll Hds Up WM >1) Hold mang’s($319's) 
Roll Hds up a = 50° W = -280 Holda 

an 3 JET DOORS - CL 4 =O Flya Sched 
Adjust Seats 

Ly Entry Ly entry 

2 ENG uo SE TAL SE PRESS, 
| BLUE II YELLOW | 

2. ¥ 
After Roll complete: ME SHUTON PB (2) 

CSS (hands off} [651] Dump START 
ME SHUTDN P@ (2) ABORT-TAL 
Pc MAN 104% 
ETSEP- MAN ’ 
ADI - REF (two) pow ecco sennn- 1 TAL aos 
ABORT - RTLS (N/A TAL or ATO) i 1 ome (after #0 
When H > 70K: [est] OUMP al Ss ’ and < 105") 

Post SRB SEP & EAS < 35; Pc MAN 104% 
REF "eT Sep- MAN ’ 603 (RA) = 100° 

1] ADI- REF (two) ' . 
J 1] ABORT. R ’ 2 }6s% 

(| > 70K: [est}oumPe | 4 Z 
Roll Hds Up, = $5° 4) EAS < 35: on i neport Pou 

TIN | When > 7b ince: Kill H(O~ or non 
SEORT GENC Pitch On a’/sec 1] He + 1000: ' " acai to waves 

ET SEP. SEP i OREF = 100° ' BF tral (gear up) 
-Z THC 5 sec | }==--s =e ALTO Hatch JETT 

if TAL or ATO. at MMA 104; alt 2 Pe MAN 
ABORT-RTLS, /ET DOORS - 
MM6O2:1FM<'33.a= 407 |! ft ADL REF (two) Le SHMcc calls 

WM>33a=50 [tf AUTOTHROT | pat 
veto prcooee = G ' mon VELCRO 

1 
istuckmin £ ENTRY MCS ] [109% vELERO 

Wook =|] THROTTLE ” PRESS TO TAL (109%) 

me _ ji + TENG OUT ((onew {reo I ASC/SI-LAVFIN 1   i 
Lwweewn no Soe ee ewan 4 

Rationale: 

Rationale is the same as for the 2 ENG OUT BLUE section 
except for the following: 

Kill H (8 ~0°) 
H= + 1000 

@REF = 100 °- Since in this case, 1-2/3 engines are 
operating, more loft (altitude) will be obtained than 

1D350 

23 

The STUCK MIN THROTTLE +1 ENG OUT GREEN 
procedure is valid from the time the engine is stuck in the 
thrust bucket until RTLS or TAL capability is reached. 
Rarely is there RTLS capability in this configuration except 
for exceptionally lightweight vehicles. 

is desired, increasing the severity of the entry. To prevent 
this, the crew should (at EAS < 35) first go to a pitch atti- 
tude of approximately 0 and wait until H has bled off to 
+ 1000 ft/s before going to @REF = 100. This usually 
happens very fast and stay time at @ = Ois only 
momentary.
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The STUCK MIN THROTTLE +1 ENG OUT RED region 
extends from first RTLS capability, with this configuration, 

—* to PRESS TOTAL capability. This abort results ina 
  

  

  

  

      

  

      

  

  

  

  
  
  

    

    

    

“nominal” RTLS with a landing on the RTLS runway. 

  

          

  

uo SRB SEP 22K 243K CONT ABORT 
me | | BLUE “WWcereen [Ce | HOOK mu 

VRERO haa x + Uy aNUAL TAL veLCRO | veicro 
HOOK css mene we ME SHUTON PP (3) MOT TOMS He 
wien ME SHUTDN PB (3) ET SEP. MAN OUMe S10? 

ETSEP- MAN When EAS < 25 
3ENG BFS Pc < $0: ETSEP- AUTO ENTRY 

ET SEP -SEP ALMM104: ABORT- RTLS resis 
OuT After ~ 10 sec: [est | DUMP MAN read tor ecffrot 

OPS 602 PRO PREM up toa ~ + 10° [wear srt oon ner Q'smnun) 
Pitch up toa ~ + 10° Roll Hds Up HM>12 Hold man fi(s3 19's) 
oer er a H = (250 Hold a 

DOORS - . Fly a $c 

L GS z aduat seats me 

2 ENG 
uo SE TAL sepress | |, f]— 
IC @LUE We YELLOW 4 

+ z ay Wz , 

After Roll complete: ME SHUTDN P8 (2) arf wo lg wear, tesjoumesam ||} If Pc MAN 106% ABORT-TAL . ton 
ET SEP- MAN t vy] 6 

ABORT AILS Ny TO} TAL 5 > ATA or ATO) tater 20 When > 70K: [est] DUMP css OKR 
Post SRB SEP & EAS <5; Pc MAN 108% 7] A | poss ose 

OREF = 100° ETSEP-MAN 32 603 (Ra) 

1 Ae atmo) wr] 2 fess 
H > 70K: [es1 JoUMP 

Roll Hds Up, B = 25° EAS < «an ole 
CONTINGENCY] When EAS > 7 & incr: Kill H (0 ~ 0% Report Poution 
ABORT Pitch On 4*hec H » + 1000: We 25K 

ET SEP - SEP OREF s 100° J artlal to waves 

2THCSsec | eee Seto a ar TAL or ATO, at MM 104: Hi MAN Tt ere 
ABORT-ATLS, JETDOORS-ch | | § | _ejPCMAN #8#[ be ee aerane 
MM602: If M < a3. et ‘ ADI- REF (two) ATUS CUE CARO? 

mat 1M > 3.3.0 = 50° J ABORT - ATLS On MCC call: vt] one 
- =A 

VELCRO cr VELCRO 
HOOF STUCK MIN Le enray [109% | ' vEicno 

woox THROTTLE > $ PRESS TO TAL (109%) 
vevcro +1ENG OUT ‘ | GREEN if reo | 4 ASCST-UAVFIN 1 

come oew ween a 

Rationale: 

= + == . . . . 

~ If there is a premission determined       

  

  

    109% — With only 1-2/3 engines going on an RTLS, 109 
  

capability for doing an RTLS with one engine down and 
one engine stuck at the minimum throttle bucket level, 
the earliest time at which this capability exists is provided 
in this box. If not, it isa Mission Control Center (MCC) 
real-time call. It is also an MCC call if the engine is stuck at during flyback, MCC will call for a return to AUTO throttle 
some other level. 

11350 

percent is always required to fly the RTLS trajectory. 
Enable MAX THR on SPEC 51. 

Pc MAN - To prevent an inadvertent guidance - 
commanded MECO. 

ADI - REF (two) - An RTLS with this low thrust requires 
near vertical thrust for an extensive period. REF provides 
a stable ADI. 

On MCC call: 
AUTO THROT -— After guidance is converged and stable 

so that an automatic MECO is provided at the proper 
time.



  

  
  

  

  

      

  

  

  

    

  

      

  

  

  

      

    

  
      

  

    

  

  
      

    

  

  

  

    

  

  

  

  

      

  

        

r f —_——. 
uo sad sep 22K 243K CONT ABORT t ee 

me jt IT BLUE Ji creen [7 _ neo —«*Y | 
vac lL — %. ; J Ly manuai TAL AO 

HOOK tT css (hands off) ME SHUTON PB (3) PO 

wt, [enw | fieercats - < i ny 

3ENG ‘ <50: 1 | ETSEP-AuTO ENTRY 
out I | ETSEP Sep MMM 104: ABORT - RTLS 

‘ After os ( Ca DUMP (ree reat conma 
Pittivuptoa ~ + [ VERT sit ]Hotd Nz (2 2 g's min) 

' Pitch up toa ~ ¢ 10° ' Roll Hds Up Mai? Tinks mar gis} tg 
Roll Hds up _ H = 250 Holde 

' a= 30° 1 1 ET OOORS- CL neo Flya Sched 
just Seats L Ly ENTRY ! Cy entry ° 

2ENG  b---~--.2.- ~~~ J 
our. vo SE TAL SE PRESS 

If GLUE IIe YELLOW 
g 

After Roll complete: ME SHUTDN PB (2) 
messihands ott DUMP START 

Pc MAN 104% ABORT-TAL 
ETSEP- MAN + 
ADI - REF (two) 

aps ABORT - ATLS (N/A TAL oF ATO) TAL tater #00 When H > 70K: bump css OKR 7 and < 105K) Post SRB SEP & EAS < 35: Pc MAN 104% 
OREF = 100° ET SEP - MAN 63 (nay 

] re {two} wet 2 f65% 
H > 70K: ouMP 2 

CONTINGENCY Roll Hds Up. p= £5° EAS < 35: vy aeoor 
‘ONTI When > ince: iH (0 ~ 4 Postion 

ABORT Pitch Dn 4°sec H = + 1000: paris to waves ET SEP - SEP OREF = 100° va teal (gear up} -2 THC 5 sec AUID match ETT ie a ee ar 
MM602: 1fM «33,0 2 40" ADL REF (two) BYLS CUE CARD 

me WM > 33,0 = 50° - AUTOTHROT | pe 
VELCRO WOOF VELCRO 

STUCK MIN Le ewtay [109% | vELeno 
noo THROTTLE PRESS TO TAL (109%) 

*1ENGOUT |/ GREEN Jie +7 ASOS!-UA/FIN 3 

Rationale: 

After Roll complete: 
CSS (hands off) 

ME SHUTDN PB (3) Same rationale as for 2 ENG OUT 

TD350 
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The 3 ENG OUT BLUE region is applicable from lift-off 
until! SRB separation. 

BFS Pc < 50: 
ET SEP - SEP —- The PASS sees MECO confirmed, and 

does not initiate the SRB SEP sequence. Therefore, the 
separation of the Orbiter is from the ET + SRBs (stack). 
The best time to do this is when q is low and yet the total 
vehicle is still under control. This occurs just before SRB 
burnout (i.e., Pc = 50). Since PASS does not run the 
sequence, it will not flash Pc < 50 on its TRAJ display. 
However, the BFS does provide this indication. Therefore, 
the crew must have the BFS TRAJ display up for the 
separation cue.
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ET SEP - SEP —- A FAST SEP in MM102 provides, in addition 
to separation, an automatic transition to OPS 601, an 
automatic enabling of the contingency dump, and a -Z 
translation away from the stack (using RCS). The -Z will 
continue until MM 602. 

After ~ 10 sec: 
OPS 602 PRO - The software will not automatically 

mode to 602. The crew must do this manually, after about 
10 seconds for stack clearance. MM 602 starts the 
contingency dump. 

Pitch up to a~ 10°- In the GRTLS DAP, roll authority is 
greatly reduced at lowa’s. Ata > 10, full authority is 
provided. 

Roll Hds up 
a = 30 - Proper preentry configuration. Since the 
flightpath angle for this entry is very steep,a = 30 will 
require that the nose be well below the horizon. 
However, it is a relatively benign entry. 

TD350
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uo, ser 2K 243K CONT ABORT The 3 ENG OUT GREEN region extends from SRB SEP to a 
ath, If nue | a || | velocity of 22K ft/s. After 22K ft/s, manual TAL procedures 

Afar hol i L MANUAL TAL would be used 
waa CSS and oft , 1 [MESHUTON PB (3) ' : 
VELCRO ME SHUTDN PS (3) 1 [ETSEP- MAN \ 

ETSEP-MAN When EAS < 25: ' 
3 ENG BFS Pc < SO: ' | ETSEP-AUTO \ 
OUT ET SEP-S| | | At MAN104: ABORT - RTLS 

After ~ 10 sec: 1 | [ess j OUMP t 
OPS 602 ‘ up toa ~ + 10° l 
Pitch up toa~ + 10° 1 | Roll Hds Up ' 
Roh up 1 19250 V-250 Holdo 

ase ET DOORS - CL 1 maf = 0 Fy Scenes 
i 1 Adjust Seats 

Ly entry ' Le ENTRY | 
2ENG ti(‘(‘a‘zésésS™OSOCOCCC ee ae 

SE TAL SE PRESS 
I BLUE Wf YELLOW 

¢ . 

After Roll complete: ME SHUTON PB (2) 
wes (hands et DUMP START 

Pc MAN 108% ABORT-TAL 
£TSEP- MAN t 

ABORT ATES ANY ato) TAL 
When > 70x fest | BUM css OKR w es Ties 
Post SRB SEP & EAS < 35: Pc MAN 104% 

OREF = 100° ETSEP-MAN 603 (Wa) 
ADI - REF (two) 

J He 70K: fos JOUMP we 2 [65% 

# 2 
Roll Hds Up, f = 25° ea EAS < 35: L 

CONTINGENCY | When EAS > 7 & Incr: Kill HO ~ 07 Report Powtion 
ABORT Pitch Dn 4*ec H = +1000: Ho 2K 

ET SEP - SEP OREF = 100° Feietalo waees 

-Z THC S sec arto. Mone “a 
tf TAL or aro. a . Pc MAN 

MMOOI WM <'33.0e a0" > ADI. REF (two) + RYLS CUE CARD 
mat 1M > 3.3,0 = SO “RTLS AUTOTHROY | one 

VELCRO MOOR VELCRO 
STUCK MIN Le entey LMSE | Loo ] veucRO 

no THROTTLE PRESS TO TAL (109%) 
*TENGOUT |[ GREEN Ineo | ASC/S1-UAJFIN | 

Rationale: 

The only thing unique about this procedure is, since q will 

be low for an extended period during this abort, the auto 

separation sequence is allowed to separate the ET. This is 

desirable since it is an optimum sequence compared to 

the FAST SEP sequence. The rationale for all other steps 
has been previously discussed. 

T0350 
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"7 a saat ea The only thing unique to the MORON CONTINGENCY 

veo i Teta ta . ABORT card is the 2 ENG OUT YELLOW region. All other 

cs nis hence MMe SHUTDN PSG) procedures on the card are identical to the regular 
~ apa @) Ween OAS 228: CONTINGENCY ABORT card. The YELLOW region extends 

ZEN AES SEP puumaton- ens from single-engine DKR capability to single-engine PRESS 

Pach naan oO tes ~ 010" to MECO. a Up 
Roli Hds up = 0 
ax 3 EY DOORS - CL 

Cy entry Ly entry 

aero vo SE DKR parr SEPRESS! 
IL Btue JI 1 YELLOW 

' 
After Roll complete: ' ME SHUTDN PS (2) 
CsSthard oft ' pumstart 

PEMAN 100% | [Gere] itemao + 2 : 

ADI REF {two} Gs bate V¥Or ! 
ABORT - RTLS (N/A TAL or ATO) Pc MAN 104% L__4_ oro! } 
When H > 70K: [est | OUMP ET SEP - MAN ' + ! 

Post SRB SEP & EAS < 35: sO) ta! 
OREF = 100° i> 70K: [est Joume [1 OR 3 

t “rah a(0~07 — 
CONTNGENCY| When EAS > binct! toners 100" 

ABORT erser- ser f 
TAL erATO. at MMA104: , 

-RTLS, RS - Pc MAN 

2 mer ese rss f= 
a STUCK MIN Le enter RE) [reas] 

THROTTLE PRESS TO TAL (109%) 

vam] stencour |[cneew | ae0 | 

Rationale: 

This card assumes the out-of-plane TAL site was selected 

on SPEC 50 prior to lift-off because of bad weather at the 
in-plane site. However, in general, there is no single- 

engine capability to the out-of-plane site. Therefore, if 

two engines fail, the in-plane site must be used even if the 

weather is bad. This procedure provides a redesignation 

to the in-plane site via SPEC 50. Also, the contingency 

dump must be started since the jets portion of the TAL 

dump is inhibited with single-engine roll control in effect. 

TD350



  

  

      
  

          

  

              

  

      

      

   

     

  

RTLS CONTINGENCY 

vow 2+30 PPA VREL «0 €aS20 MECO 
sive | | [veuow]| (orance } {[~ GREEN I 

#OoK z r t z 
veLcno CSS,_ MESHUTDN PO (3), ETSEP - MAN ] 

—z ¥ z 
3 ENG ADI- REF (two) | [When EAS>7 & inc: Fitch On To =< ouT Pitch To 8<' Pitch Dn asec ET SEP - SEP 

Stop pitch rate ETSEP- SEP -Z THC 5 sac 
7 -2TWC Sec as 50° 

an 
@t | puMP 

Roll ds Up ENTRY 
Pitch Dn 4° sec 
ETSEP.seP 

-2THC5 sec 
mna6o2: 
11M < 3.3, ae 40° 
if > 33, a= 50° 

L, entry 

reece ere mmm q SE PRESS 
2 30 VREL=0- 20 (H = ¢ 100) D3 MECO 

ZENG ||| BLUE Jftennror |! [_creew J I[ reo ]1[ veuow JI 
OuT 1- £ wn ow oes qeeew ew = +--4 

  

  

  

  

ly | CSS, MESHUTDN PB (2), Pc MAN 108%, ETSEP- MAN js 
<...;----— +--------— v     

              

  

              
  

      

' q 
' =REF(two) [41 [Pitch On To a= -a* ME SHUTON 
‘ St] oume 1] [ETSER ser PB (2) 

= 100° . sec 

RTLS prs ve \ =” AUTO S 
contwcéncy zd ENTRY COMPLETION 

' when EAs >7 incr: [When EAS>7 & incr: | [FlyH = «350 
1] puchon asec | Pitch Dn athec atl v I: 
4) etsep. see ,| ET SEP-seP : 

image fl acageem | | eigneeices MMG602: ax : 
Myed ' UM < 33.0 = 40° It ETSEP- SEP 
VELCRO] | EM > 3.3.02 50° | eee se 

WOOK Ry! ENTRY 
uti te ad 7 

velcro ATLS CUE CARD 

Rationale: 

Rationale is the same as the regular contingency abort 2 
ENG OUT BLUE, except for the obvious deletions. The 
only variable to this procedure is that, after powered 
pitcharound, going to BREF = 100 will require a stick-back 
maneuver instead of forward stick. 

(15350 
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The RTLS CONTINGENCY abort card is used after an RTLS 
abort has been initated. Therefore, the vehicle is already 
in second-stage flight since RTLS is not selected until after 
SRB SEP. 

The 2 ENG OUT BLUE region extends from abort select to 
VREL = Oduring flyback. 
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RTLS CONTINGENCY 

voto 2+30 PPA VREL =0 €AS20 MECO 

L{swe | | [veasow] | [orance }i[~ GREEN lI 
wooK z z z z 
VELCRO CSS,_MESHUTDN P@ (3), ETSEP - MAN ] 

z ¥ 
3 ENG ADI- REF (two) | | When EAS»? & Incr: 

our BSeakee || Saree rate : 
z -2 THC S sec 

‘1 Joume ae 5 
ds U 

Pitch On a Aec 
ET SEP. SEP 
-2THCS sec 
Mnn60?: 
HM < 3.2, 40 40° 
HM>33, ae 50° 

ENTRY 

2+30 VREL =0 = +100) PD3 MECO 
2ENG || BLUE tl meheeeten | [neo ||[_veuow || 
OUT “pe = 3-H T Sy ror = 

6 { CSS, MESHUTON PB (2), PCMAN 104%, ETSEP- MAM |p 
ee oe os ee ——s v 

DI-REF (two) |g |t[PitchOn To aa -4° ME SHUTON 
fest Due 1 [0] ETSEP-seP PB (2) 

BREF = 100" ile “2 THC S sac 
Roll Hds Up as 

RTLS prs’ a ff ENTRY AUTO 
CONTINGENCY Git -=2-- 5 COMPLETION 

When EAS > 7 & ince: Ig] When EAS >7 & ince: t FlyH = «350 
i) Pitch On a'eec | Pitch On A°ec. Atl v Ik: 
a ET SEP - SEP ET SEP - SEP { : 

“2 THC 5 sec WW] -ZTHCSsec 1 | Pitch On toa=-4° 

ms wim azacan fo 1 AE SEP sep tt . : 
vELERO ifM>33.02 50° [I ; eget om 

ENTRY WOOK Tew te ey 7 VELCRO ATLS CUE CARD 

Rationale: 

In this region, altitude is relatively low, H is still highly 
negative, and q is building rapidly. There is no time to go 
to a vertical thrust attitude in this region. The vehicle is 
also heads-up and going forward. So if EAS > 7 (and it 
will be for almost all this region), zero B and get off the 
ET, using the high-rate SEP, as soon as possible. 

T0350 

  

    
     

The 2 ENG OUT ORANGE region extends from 
VREL = 0 toa point where EAS = 20. EAS = 20isthe 
limit for the high-rate ET SEP technique. 
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From the time EAS = 20 until H = + 100 ft/s, the GREEN      

    

  

    

   

    

    

   
   
   

    
  

  
  

  
      

  

    
              
  

  

RTLS CONTINGENCY 

uno | 7430 PPA__vRtl=0 MECO region is applicable. This region is characterized by ahigh 
vEeLCRO I yellow 
a 1 Comat a a J q environment for ET SEP. wercno oe ia waON PO Teer MAN ] 

¥ ¥ 
3 ENG apt. “Ret when FAS>? Gincr: | [Fiuh Onto ane OuT Pitch To 0<90° Pitch Dn asec ET SEP . Sep Stop pitch rave ET SEP - SEP Tie seac 

7 a yiC Sec an SO 

sailnecup Lente L, Baev 
Pitch Dn &* Ae 
CT SEP. Sep 
-ZTHCS sec - 
M602: 
HM < 3.3, a= 40° 
HM>33, as 50° 

ENTRY poeneee “4 
2+30 VREL = 0 ealzo (nl sion) PD3 MECO 
      I ([vettow JI 
   

    

  

   

ZENG || i BLUE ———) |Lonance }/ [cneen } If ED 

    
    

  
    

  

      
    
  

  

    

     

  

        

    

  

sols e- —---—-J + 7 =to ad y 
= REF (two) t] Pitch Onto az-4 | 5 ME SHUTON 3: | OumP SEP - SEP ' PB (2) 

Roll nd up ‘ ‘ s Ui RTLS pose t 1 AUTO CONTINGENCY > COMPLETION NO 
Eas Si & incr: FlyH = +350 J wien EAS >. 3 me al | |: ETSEP- sep 

-Z THC 5 sec Pitch Dn toa -4° 
PLE ar SEP. SEP iM <3. 3.a = 40° . vELcAo 11M > 3.3.0 = 50° F cZTHC 5 sec 
woox L, Entry cS AY 
VELCRO RTLS CUE CARD       

Rationale: 

Since q is too high to use the high-rate SEP technique, 
pitch down to -4°a, square away B, and get off the tank. 

350 
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RTLS CONTINGENCY 
wet, 2630 VREL 20 MECO 

BLUE aoe | Comer NL GREEN Hi 
WOOK x 

VELCRO CSS, MESHUTON PB (3), war MAN { 

ZENG x x ADI-REF (two) | | When EAS>7 & incr: i 7 
OUT Pitch To econ" Pitch Onfnee Crste, sep an 

Stop pitch rave ETSEP-SEP -Z THE 5 sac 
e ECS oe az 0° 

“1 Joune o* Rall Hdeu ENTRY L, Entry 
Pitch Dn 4° ec 
ETSEP- Sep 
-Z THC 5 s0c 
wnneoz: 
HM <3.2, a0 40° 
HM>33, as 50° 

ENTRY roses 
SE PRESS 

2+30 

4 css, MME SHUTON PO Gi PMAN TO4%, ETSEP- MAN I} 
eros 

RTLS 

VREL =0 

ZENG a BLUE | !Lonance || [_creen Jal RED }i[ vestow }I 
E€AS20 (Hs + 100) eb3 

  

MECO 

  

  

  y   

= REF (two) 
Oump 

GREF = 100° 
Roll Hds Up 

b+ 5° 

  

           
pick Onto a=-@° 
ET SEP - SE 
ST THC S sec 
az     

  CONTINGENCY z 

  

ENTRY   c-2 box = 
  

  

        
  

      

When EAS > 7 & Incr: When EAS >? & Incr: 
Pitch On #*sec Pitch On 
ET SEP - SEP EVSEP sep 

Z THC 5 sec “ZTHE 5 sec 

mut Ma 33.0240 ||°" ” <3.3,a 

vELCRO 11M > 33.0 2 50 
WOOK L, ENTRY L, Entry 
VELCRO 

Rationale: 

CSS (and the main engine pushbuttons for roll control) 
must be gotten quickly for this case, else guidance will try 
to pitch the vehicle to a vertical attitude in an effort to 
achieve the RTLS targets. It is very difficult to recover 
from this. 

Fly H = 

support fast SEP at MECO. 

TD350 

FlyH = +350 
' at ¥ 

  

@ 

‘ t [ME SHUTON 
1 4 | PB(2) 
‘ 4 

4 
! ‘ 

  

' 
' 
‘ 
I | res auto 
‘ 
t 

  

+ 350 —- When H climbs through + 350 ft/s, pitch 
the nose down to maintain + 350. This buys performance 
to reach the range-velocity (R-V) target line since the 
thrust will become more horizontal. 
smaller maneuver at PPD. The + 350 is sufficient to 

It also results in a 

H = + 100 ft/s is defined as the mode boundary for an 
RTLS completion. The RED region extends until the cutoff 
(CO) bug on the RTLS TRA) display reaches the pitchdown 
(PD) 3 tic mark . This procedure is designed to terminate 
with a landing on the RTLS runway.



At | Vv | 

co PD 

Pitch Dn toa = -4°- When the cutoff bug on the TRAJ 
display reaches halfway between the PD tic and the CO 
tic, begin PPD. Since acceleration is slow on one engine, 
halfway between the two marks represents the proper 
time prior to MECO to begin PPD (approximately 20 
seconds). Pitch down at 4 deg/s toa = -4 and maintain. 
Yaw to adjust B to = 0. 

At COTIC: 
ET SEP-SEP 
-Z THC 5 sec - When the bug reaches the CO tic, doa 

FAST SEP. This will shut down the remaining engine and 
separate the ET. A FAST SEP is required for this case 
because H was smaller at MECO than for a nominal RTLS 
and q will build more quickly. There is not sufficient time 
to do a nominal SEP. 

FCS AUTO - Auto guidance should be good for entry, 
although the guidance needles will be stowed because 
MECO occurred with unconverged guidance. This isa 
software quirk. Confirm good guidance with MCC. 

TD350
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RTLS CONTINGENCY 

me} 2630 PPA VREL <0 EAS20 MECO 
VELCRO 

sive | | [veiow]| (orance | If GREEN I 
HOOK z z z z 
veieno CS5,_MESHUTON PB (3), ETSEP - MAN J 

z ¥ z 
3 ENG ADI- REF (two) | [When EAS>? & Incr: Pitch On To on -# 
OUT Pitch To @<90° Pitch Dn 4*hec ET SEP. SEP 

Stop pitch rave -2 THE S sec 
v as sr 

1 JoumP 

fall Hids Up Ly entey 
Pitch On 4° Aec 

ET SEP. SEP 
-Z THC 5S sec 
wen: 
4M < 3.3, ae 40° 
HM > 3.3, om 50 

, entry —— wo---4 
SE PRESS ‘ 

2+30 VREL =0 EAS20 (H= +100) PD3 Meco! 
zene | BLUE |! Lorance ]|(_creen_] |[Creo_] | [vewow JI) 
our. z ¥ ¥ et, i 

[_€35,_MESHUTON PB (2), PcMAN 108%, ETSEP- MAN | t i 
* ¥ r? v 

ADL. REF (two) Pitch On To a=-4° « [ME SHUTON 
[631 } OuMP ET SEP - SEP 6 | PB (2) 
SREF = 100° -2 THC 5 sec ‘ 

RTLS pre one ! auto} b25° ENTRY contincency —z uw LL COMPLETION 5 
When EAS > 7 & incr: When EAS >7 & incr: FlyH = +350 

Pitch Dn a*sec Pitch On 4*ec us v t: 
ETSEP- SEP ET SEP - SEP : 
2 THC 5 sec -ZTHC 5 sec Pitch Dn toa = -4° 

Pur “s AE SEP SEP WM <33,0 5 40° : 
vacno ifM>33.0 = 50° gue 

"OOK L, ENTRY L, Enrry z 

vero RTLS CUE CARD       

TD350 

The YELLOW region extends from the time the CO bug 
reaches the PD 3 tic mark until nominal MECO. If a second 
engine fails in this region, auto guidance should be able 
to complete the RTLS if it has good control. Therefore, 
the main engine pushbuttons are all that is required to 
enable single-engine roll control.



  

      

  
  

  

      

  

          

  

  

    

      

  

  

  

  

  

    

      

  
      

      

    
   

  

  

      

pores wenn ee  — RTESCONTINGENCY 
vino [6 2 +30 PPA VREL =O EAS20 MECO 

4 swe | | [yeuow] | [orance ] || GREEN J ‘ Wook t z z z ’ 
veicno CSS,_MESHUTON P@ (3), ETSEP - MAN _| t 

z ¥ x. ‘ i ZENG | ADIL-REF (two) | [WhenEAS>7alnc: | [PuchOntoa-« | | ouT | Pitch To 8<90° On a*hec ET SEP-SEP ‘ 
Stop pitch rate ErseP” SEP «2 THC S sec t ‘ +. a creyiC S sec as $Y ’ 

{fle 
$ Ralls Up. ENTRY L, ENTRY i 
t | Pitch On 4* Asc t 6 ETSEP. ser 

‘ t  [-ZTHCS sec 
’ ' MN602: ' 

ry HM <3.3, a= 40° 
' ‘ If{M > 33, aw 50° 
4 

ENTRY ee 5 St PRESS 2+30 VREL=0 EAS20 (Hee 100) D3 MECO 
2ENG | BLUE ILlonance }! [Green ce [reo |i [veuow || 

[_C5S._MESHUTON PB (2), PcMAN 104%, ETSEP. MAN | 
t z 

= REF (two) Pitch Dn To as -4° ME SHUTON 
(es um ET SEP - SEP 8 (2) Soe | ||[ete as RTLS pee Satay AUTO 

CONTINGENCY r COMPLETION 
When EAS > 7 & ince: | | When EAS >? & Incr: flyH = «350 

Patch Dn 4*sec Pitch Dn 4*sec © tt {: 
ETSEP. SEP ETSEP- SEP 
SEINE 5 sac -ZTHC 5 sec Pitch Dn toa = -4° 

mus MMc3aasae || AT SEP. SEP < = . 

VELCRO HM > 33,0 = 50° -ZTHCS 
son L, Entry T ewtav EESAUTO. 

VELCRO RTLS CUE CARD       
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The 3 ENG OUT RTLS CONTINGENCY abort procedures 
contain little that is unique and needs discussion. All the 
steps in the BLUE region have been previously discussed. 

In the YELLOW region, the vehicle is going backwards 
when all thrust is lost. It is better to pitch to a posigrade 
attitude before rolling heads up, from a control and crew 
orientation standpoint. 

The ORANGE and GREEN regions, with the exception that 
manual throttle is not required, are identical to the 2 ENG 
OUT ORANGE and GREEN procedures, respectively.
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Appendix A: Acronyms and Abbreviations 

ACCEL 
ADI 
ADS 
AMI 
ATO 
AVVI 

BF 
BFS 

c.g. 
CDI 
CDR 
co 
CRT 
Css 

DAP 
DKR 

EAS 
ENG 
ET 

FCS 

GNC 
GPC 
GRTLS 

TD350 

acceleration 
attitude direction indicator 
air data sensor 
airspeed/Mach indicator 
abort to orbit 
altitude/vertical velocity indicator 

body flap 
backup flight system 

center of gravity 
course deviation indicator 
commander 
cutoff 
cathode ray tube 
control stick steering 

digital autopilot 
Dakar 

equivalent airspeed 
engine 
external tank 

flight control system 

guidance, navigation, and control 
general purpose computer 
glide return to launch site 

H-dot 
HAC 
He 

HSI 

JETT 

kt 

LVLH 

MAN . 
MAX 
MCC 

MECO 
MIN 
MM 

NAV 
Nz 

OMS 
OPS 

PASS 
pbi 
Pc 
PD 

altitude rate 
heading alignment circle 
helium , 
horizontal situation indicator 

jettison 

knot(s) 

local vertical/local horizontal 

manual 
maximum 
Mission Control Center 
main engine 
main engine cutoff 
minimum 
major mode 

navigation 
normal load factor (g) 

orbital maneuvering system 
operations sequence 

primary avionics software system 
pushbutton indicator 
chamber pressure 
pitch down
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PLT 
PPD 
PRI 
PROP 
psf 
psi 

RCS 
REF 
RHC 
RTLS 

$B 
SBTC 
sec 

SEC 
SEP 
SIT 
SPEC 
SRB 
SSME 

TACAN 
TAL 
TD 
TGT 
THC: 
THR, 
THROT 
TRAS 
TRANS 

pilot VERT 
powered pitchdown VREL 
primary 
propellant wpe 
pounds per square foot 
pounds per square inch 

range-velocity 
reaction control system 
reference 
rotation hand controller 
return to launch site 

speedbrake 
speedbrake/thrust controller 
second 
secondary 
separation 
situation 
specialist function 
solid rocket booster 
Space Shuttle main engine 

tactical air navigation 
transatlantic abort landing 
touchdown 
target 
translational hand controller 

throttle 
trajectory 
transition 

vertical 
relative velocity 

waypoint


