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PRELIMINARY CONTINGENCY PROCEDURES FOR THE TRANSLUNAR COAST

By Bobbie D. Weber, Flight Analysis Branch, and
Jerry D. Fuller, Contingency Operations Section,
TRW Systems Group

INTRODUCTION AND SUMMARY

This paper presents detailed procedures to be used in the event of
contingencies identified during or after the transposition and docking

{T and D) maneuver. This does not include contingencies identified during
any malfunction checks made immediately following translunar injection {(TLI)
cutoff. Procedures for contingencies arising during the TLI burn or the
malfunction checks are documented in reference 1. The general ground rules
and suggested contingency procedures -described below are substantiated by
discussion of (1) abort targeting and abort trajectory amalysis, (2) ground
and onboard return-to-earth programs, and (3) spacecraft systems and equipment
capabilities.

The term contingency will be used to specify all those possible problems
requiring a spacecraft abort at any time after the block-data abort point at
TLI cutoff plus 90 minutes. Conditions resulting in alternate missions are
discussed in reference 2 and are omitted here. Reference 3 indicates possible
alternate lunar missions that can result from various dispersed TLI tra-
jectories.

LN

The procedures presented in this document are of a preliminary nature.

Final procedures will be included in an Apollo Misaion contingency procedures
document to be published by the Contingency Analysis Seetion, Flight

Anglysis Branch.



AAWG
AQT
AST

BMAG

CLA
CMC
COAS
CSM
DAP
DPS
EMS
FCUA
FDAL
fps
FTP
g.e.t.
IMU
1SS

LGC

2, NOMENCLATURE

Apollo abort working group
Alignment optical telescope
Abort scan table
Body-mounted attitude gyro
Steering constant
Contingency landing area
Command mpduié computer
Crew oétical qiignment sight
Cormand servicg maﬁule
bigital autepilot

Descent propulsion system
Entry monitoring svstem
Fuel-critical unspecified-area
Flight director attitude indicator
feet per'second

Full throttle point

Ground elapsed time

Inertial measurement unit
Inertial subsystem

1M guidance computer

Lunar landing mission

Iunar module

Lunar orbit insertion



MCC
MGA
MSFN
MSI
PGNCS
PIPA
PLA
RCS
RTCG
RTEAP
RTED
5CS
SCT
SHe
SM
SPS

- 8XT
T and D

ar
TCUA

TEL

TFT

g0

Midcourse correction

Middle gimbal angle

Manned spaceflight network

Moom's sphere of influence

Pfimary guidance, navigation and control subsystem
Pulsed~-integrating pendulous accelerometer
Planned landing area

Reactio; control subsystem

Real-time computer complex

Return-to-earth ab;rt processor
Return~to-earth digit;ls

Stabilization and control subsystem
Scanning telescope

Supercritical helium

Service module (when used as a subscript: Stable member)
Service propulsion subsystem

Sextant

Transposition and docking

Time from abort to entry

Time-critical unspecified~area

Delay time from some epoch, e.g. TLI cutoff
Transearth injection

Total £light time

Time to go (before thrust cutoff)



tig Time of ignition

TLC Translunar coast

TLI Translunar injection

TVC Thrust vector control

\;EI - Inertial velocity magnitude

Gé Velocity to be gained vector for Lambert aim point guidanc
\-fr Velocity required vect‘or

d& Velocity change vector

Av or AVC Change in velocity magnitude

YEL Inertial f£light path angle, measured from the local

horizontal



3. GENERAL INFORMATION

3.1 Nominal Free-Return Circumlunar Trajectory

The sequence of events for a nominal free-return circumlunar trajectory can
be described in terms of a typical lunar landing mission (LLM). Table I gives
the ground elapsed time (g.e.t.) for events during the free-return trajectory
following a 1 February 1968 launch. The times in table I are taken from
reference b and correspond to a Pacific injection on the second revolution in
earth parking orbit. 1In this particular example, translunar injection occurs
at latitude 0.7 degree S, longitude 179.8 degrees E, and places the spacecraft
on an ellipse inclined 54 degrees above the earth-moon plane. Figures

3.1-1 and 3.1-2 show time histories of several trajectory parameters .during
translunar coast (TLC). .

From table I, the flight time from free-return pericynthion to entry is

about 72.5 hours, compared with a nominal 106.7 hours from transearth

injection (TEI) to entry on the complete LLM. Total flight time (TFT)

for the free-return circumlunar trajectory, measured From TLI to entry inter-
face, has a range from approximately 126 hours to 148 hours over an éntire
yearly launch window. This variation can be inferred from the data of reference
5 and is almost entirely due to variationm in the earth-moon distance. A,

launch azimuth range of 72 degrees through 108 degrees accounts for less than
2 hours variation in this TFT.

Figure 3.1-3 is a schematic diagram of the free-return circumlunar trajectory,
as viewed in the rotating earth-moon system. The approximate lomgitudinal
position of Houston at the time of translunar injection is shown om the figure,
as well as time ticks indicating the approximate positions of the spacecraft
at 24-hour intervals following injection.

3.2 Abort Targeting

The targeting scheme for an abort maneuver must, of prime importance, place
the spacecraft on a trajectory which will enter the earth's atmosphere

with a flight path angle lying within the entry corridor limits. A
secondary objective is the coordination of the spacecraft landing point with
available recovery forces.

Targeting parameters may be classified as direct and indirect, where direct
parameters are defined to be orbital elements associated with the desired
postabort orbit, Components of a desired target vector, e.g. the unit vector
in the desifed plane for lumar orbit insertion (LOI) circularization guidance,
are direct targeting parameters. In general Lambert targeting, the direct
parameters are a desired target vector and the time of arrival at that vector.
To determine a unique postabort orbit, other, indirect targeting parameters are
required. The time of ignition and the cross-product steering constant c are
examples of these.



TABLE 1. TIME SEQUENCE FOR A FREE-RETURN CIRCUMLUNAR
TRAJECTORY ~ LAUNCE ON 1 FEBRUARY 1968

Event Ground Elapsed Time Approximare Time Difference
hr:min:sec hr:min
Launch 00:00:00
00:11
Earth Parking
Orbit Insertion 00:10:58.4
02:29
TLI Burn Initiation
(Pacific Injection) 02:39:54
00:5.5
TLI Cutoff 02:45:23.4
Translunar Midcourse 07:00
Correction (TIMC) No. 1 09:45:23
i 17:00
TIMC No. 2 26:45:23
: 26:33
TLMC No. 3 53:18:11
~ 16:00
TIMC No. 4 69:18:11
Free-Return 8:04
Pericynthion 77:21:44.7
72:27.5

Entry Interface 149:49:14.8



For a guided burn the vector velocity to be gained at any instant (Vg) is
found. by differencing the reqsired velocity at that instant;vr,ﬁand the
present spacecraft velocity, V. The required velocity vector (Vr) is a
function of the particular set of direct targeting parameters being used.

The ultimate objective is to apply the thrust acceleration so as to zero the
velocity to be gained (V ). 1In Lambert targeting the direction of V_ is
allowed to change during®the burn, under the controel of the steeringgconstant
c. Typical values of c are 0 to 1. An operatiomnally simpler guidance scheme
is one in which Vg is calculated once and the abort thrust vector is fixed

in this inertial direction. When the magnitude of Vg reaches zero, thrust

is terminated. This latter method is called external AV maneuver guidance.

Whenever ground/spacecraft communications are available, abort targeting
parameters will be uplinked from the ground to the CMC. In the case of
Lambext targeting, these parameters will consist of:

(1) Time of abort burn ignition, t,

(2) Steering constant, ¢

(3) Components of the target vector

(&) Time from tig until the ta;get vector is reached.

For external AV maneuvers, the uplinked parameters are the time of ignition

(tig) and the components of the required AV expressed in local vertical
coordinates.

More detailed information on targeting schemes is contained in reference
14, from which part of the foregoing discussion was taken.

Spacecraft aborts from the TLC, performed at 5 hours or more after TLI

cutoff, result in inertial entry velocities within the approximate range of
34,500 to 36,300 feet per second. This range of inertial velocities corresponds
to the shaded region of figure 3.2-1, which is a plot of inertial flight pathb
angle (?Ei) versus inertial velocity (VEI) at the enbtry interface

(h00~000 ft altitude). Figure 3.2-1 shows the 10g full-lift undershoot
boundary, the zero-lift overshoot boundary, and two entry target lines.

Both the manned spaceflight network (MSFN) target line and the contingency
target line are used by the ground-based return-to-earth abort processor
(RTEAP), while the onboard return—to-earth program (COLLOSSUS P37) contains
only the contingency target line. The onboard target line is defined to be at
the geometric center of the most restrietive entry corridor (reference 6),

which is bounded by the zero-lift overshoot boundary and the 12g undershoot
boundary.

In addition to those built-in target lines, there exists, in each of these
programs, the capability to accept a manually-entered value for Ygy. This
Yp1 override capability might be used, for example, to increase the probability

of capture following a time-critical high-AV abort maneuver performed without
a current navigation update.



3.3 Abort Trajectory Analysis

3.3.1 Unspecified-area abort- This is the least restrictive abort
solution available for any given situation, since there are no landing
constraints whatever. The solution is constrained to be inplane unless a
plane change is required to satisfy the constraint on maximum return inclination
{typically &40 degrees). 1If the preabort plane of motion does not require a
plane change, the solution is generated using either minimum time or minimun
fuel. The minimum-time solution uses all the available AV to obtain the
shortest possible postabort flight time, within the maximum entry speed
and minimum return time restrictions imposed. If either of these constraints
is encountered, a smaller AV is used, viz., that AV corresponding to either
one or both of these limiting values. The minimum-~fuel solution employs
the least AV possible to obtain a return trajectory within the constraints
imposed on maximum and minimun return time and maximum entry speed.

In practice, all ground-computed abort solutions are constrained to land

on water, to maximize the probability of a safe landing and quick recovery.

This constraint may be imposed by approximating the earth's land mass boundaries
by straight line segments and requiring that at least part of the available
landing footprint lies outside these boundaries. Figure 3.3-1 is a typical
representation of land masses taken from section 4 of reference 15, which also
contains a complete discussion of the methods of abort solutionms.

Representative abort trajectories from TLG are schematically illustrated in
figure 3.3-2, The trajectories correspond roughly to an aboxrt AV of 1900 feet
per second in order to simulate maneuvers limited to the LM descent propulsion
system (DPS) AV capability. At a fixed aboxrt AV of this magnitude, the total
flight time (TFT) from TLI cutoff to entry increases rapidly with preabort

delay time (t,). This increase is shown in figure 3.3-3, taken from reference 6.

In figure 3.3-4 postabort flight time (Tar) is shown versus t, over the first

20 hours of TLC, including the 1900 fps abort case. With this AV, and tg
between 18 and 25 hours following TLI cutoff, the abort TFT reaches a value
equal to the free-return circumlunar TFT. This 7-hour range of t 1is due to

the earth-moon distance variation mentioned in the previous sectiom. For

delay times longer than 18-25 hours, direct-return aborts using 1900 fps

result in longer TFT!s than those performed post-pericynthion on the circumlunar
trajectory.

3.3.2 Landing Site Control- Though not the least restrictive abort
solutions, aborts restricted only to water landings are in general too demanding
from the point of view of recovery. Increased landing site control is exercised
in one of two ways: by constraining the center of the landing footprint to a
specific longitude, i.,e., to a contingency landing area (CLA); or by
constraining the center of the ianding footprint to be within a given radius
about a specific longitude and latitude (planned landing area, PLA). A PLA
solution with a zero allowable miss is the most restrictive abort solution
possible. Restrictions on maximum and minimum return, times, maximum entry speed,
and maximum entry inclination apply also to GLA and PLA solutions.




Landing site analysis for TLC abort maneuvers is reported in detail in reference
T, and the following discussion is partially abstracted from that document.
The TLC is a portion of an ellipse having 3 very large period and a high
apogee altitude. This ellipse is relatively fixed in inertial space, with

its apogee direction tilted 6 to 11 degrees from the earth-moon line

at the time of free-return pericynthion. As a result, the geocentric inertial
entry point following abort maneuvers from TLC is relatively fixed, i.e.,
insensitive to abort delay time and, to a lesser extent, to abort AV. An
abort to a specific contingency landing area (GLA) therefore requires a
trajectory which reaches this fixed inertial entry point simultaneocusly with
the longitude of the CLA. A wide choice of solutions results from the
tradeoff between abort AV and TFT as the abort is delayed along the TLC.
Figures 3.3-5 through 3.3-9 are taken from reference 6 and show the relation-
ships among abort AV, TFT and t, for four different CLA lines (figure 3.3-10).
These figures also show the 24-hour breaks in TFT for a specific CLA, due

to the fixed inertial entry position of the postabort trajectories. Minimum-
time weturns to the four CLA lines are summarized in figure 3.3-9. WNote that
none of the minimum-time solutions are available for an abort AV of 1900 fps.

Aborts to a PLA differ from CLA aborts primarily in the required plane change

to reach a specific latitude. The tradeoff invoilved between abort AV and TFT

is similar to that for CLA maneuvers, but the AV requirements are higher. Delta
velocity difference between PLA and CLA aborts to & common longitude is a sen-
sitive function of the latitude of the PLA, being zero for a PLA lying in the
preabort plane. For example,a CLA abort at TLI cutoff plus 5 hours uses a AV

of 1757 fps to reach a landing point at longitude 65 degrees E. The associated
toral flight time is 78.8 hours and the landing point latitude is 4.86 degrees S.
A typical corresponding PLA differs only by 7.64 degrees in latitude, being

located at latitude 12.5 degrees S. To xeach this PLA requires a AV of 1897 fps
and a TFT of 74.0 hours, i

The tradeoff between delay time and total flight time can be used to reach
any desired CLA with a fixed AV expenditure. The resulting spread in TFT
is approximately 16 to 19 hours. Table II gives TFTs to the four CLA lines
defined in reference T for the indicated AV values and intervals of td.
Similar information for three PLAs is shown in table III.

Midcourse AV requirements following perturbed abort maneuvers are discussed

in reference 8, One-degree thrust vector misalignments were simulated in
unspecified-area and PLA-type aborts from the TLC. The minimum required AV

for a postabort midcourse correction (MCC) is, in general, a parabolic appearing
function of postabort orbital position, with a minimum at or near postabort
apogee. This behavior alters as the spacecraft approaches the earth, and the
MCC AV increases sharply. Following perturbed aborts from TLC, the original
abort landing point can in most cases be maintained to within 50 n.mi. with a
. MCC A budget of 150 fps, applied in a minimum-fuel unspecified-area mode.



Abort AV
(fps)

1900

4000

Abort AV
(fps)

1900

4000
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TABLE II. TOTAL FLIGHT TIMES FOR CLA ABORTS

Minimum Delay

from Cutoff (hrs) TFT (hrs)

CLAA  GLA B GLA G
2090 659E 1769W

[ 5 85 79 95

10 109 103 119

115 133 127 119

20 133 151 143

(30 109 103 119

40 133 127 119

TABLE 1I1. TOTAL FLIGHT TIMES FOR PLA ABORTS

£y

Minimum Delay , TFT (hrs)

from Gutoff (hrs) gLA 10 PLA 2
176%0,11°  20%,15%

5 a5 109

10 11¢ 109

15 119 133

20 143 133

30 119 107

140 119 133

CLA D
100w

90
114
138
138
114
138

B,
65°E,15°8

103
127
127
151
103
127

TFT
Spread (hrs)

16
16
19
18
16
19

TFT
Spread (hrs)

14
18
14
18
16
14
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3 days

Injection + 1 day

Approximate Longitude

Injection of Houston af Injection

figure 3.1-3.- Schematic representation of free-return circumlunar trajectory
showing approximate time scale.
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TLI + 20 hrs

TLI + 5 hrs

Figure 3.3-2.- Abort trajectories from early translunar coast - with a AV
of 1900 feet per secend.
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4. RETURN-TO-EARTH ABORT PROCESSORS

4,1 Real-Time Gomputer Complex Program

The return-to-earth abort processor (RTEAP) is the real-time computer
complex (RTCC) logic that provides return-to-earth trajectories for high
ellipse earth orbital and lunar missions, The RTEAP has complete return-
to-earth abort capabilities, with the following exceptions, It cannot
determine:

l. a TLC midcourse maneuver performed in earth reference

2. a clrcumlunar abort maneuver performed in earth reference

Analytic trajectories are computed for the abort trade-off display, which
presents graphical data used by the flight controller to select an optimum
abort solution. This analytic data also provides initial estimates for the
impulsive precisiom solutions generated for the abort scan table (AST) dis~
play. The trade-off display is basically a plot of abort AV versus time of
abort, with multiple curves to indicate different times of landing. For

" PLA aborts, landing miss distance also can be shown as a parameter. The
curves are generated by scanning the desired region of abort time, using a
time increment (between solutions) which is determined by the program logic.
Furthermore, scale values for the graphs are generated internally by the
program, and are functions of the solutions. 1In the event that a flight
controller desires to see a specific region of the graph expanded, this is
accomplished by regenerating data for the desired region with a finer scan
interval. The necessary changes in scaling are made automatically since, as
stated above, the scaling is driven by the abort solutions.

Two options are available in the RTEAP trade-off display, the PLA/CLA near-
earth option and the PLA/CLA remote-earth option. The latter option is
designed for flight regions where the inertial entry point is approximately
fixed, i.e., for earth-focused eccentricities greater than about 0.8, Thus,
the remote-earth option is applicable to TLC abort situations, Figure 4,1-1
(taken from Reference 9) is an example of a remote-earth trade-off for PLA
data. Trade-off displays of CLA data have the same general form.

The abort scan table is a digital summary of several abort trajectories
generated in the following three steps. ¥First, an analytic solution is
obtained using an impulsive thrust maneuver, & conic coast, and a curve-

fit entry., Next, the generalized iterator program produces an impulsive-
precision trajectory by integrating from the postabort state to the entry
state, Thirdly, either a curve-fit or a precision entry simulation produces
the landing state. The following options are available in the AST:
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Time-critical unspecified-area (TCUA)
Fuel~critical unspecified-area (FGUA)
PLA/CLA discrete

PLA/CLA fuel-critical search

PLA/CLA time-critical search.

Aborts generated under the first two of these options are constrained

to the preabort plane of motion, subject to the return inclination con=-
straint. As a further restriction, the AST is incapable of generating
abort solutions having a specified AV alignment with respect to visual
references. Thus, horizon reference aborts, for example, could be computed
only by manual iteration to achieve the desired abort I\ alignment, Tables
1V and V give the input quantities for the TCUA and FCUA options. The
information in these tables'is taken from References 10 and 11, which
constitute compléte documentation of the RTEAP logic.

The final abort solution is a fully integrated trajectory which is gen-
erated in the return-to-earth digital (RTED) display. The.AST solution

is ' nomipally used as input to the RTED, but the option exists to manually
input an external solution. Information from the RTED.display is. trans-
mitted to the command module computer (CMC) for subsequent use in execution
of the abort maneuver. Reference 11 gives the'complete input required for
the RTED display. -

4.2 Onboard Return-to-Earth Abort Program

The command module computers (CMC) program 37 {(COLOSSUS P37) provides
onboard-capability for computing a safe earth-return trajectory, providing
the command service module (CSM) is outside the moon'!s sphere of in- .
fluence (MSI) at the time of ignition. COLOSSUS P37 is primarily a backup
in the event of communication or ground system failure and is self-contained
in that it operates without the use of the CSM inexrtial subsystem (ISS)
and without ground communication. Minimum-time and minimum-fuel modes are
available, with all return trajectories constrained to lie within the pre-
abort plane. The computation includes a conic two-body solution followed
by an impulsive~precision integrated trajectory., A complete description
of the program can be found in Réference 12.

After calling P37, the astronaut is required to manually input the follow-
ing information:

1. Delta-velocity to be used in the maneuver, AV

2, Time of ignition, tig

3, TInertial flight path angle at entry, YEI(if desired to target
to any YT other than built in target line)
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TABLE IV. INPUT QUANTITIES FOR THE AST TIME-
CRITICAL UNSPECIFIED-AREA OPTION

Required Quantities

Aymax The maximum AV to be used for the abort maneuver

TO min The time at which the maneuver is to be computed

The state vector time in the mission plan table

vect (MPT) ephemeris

EP A flag specifying reentry simulation mode

Optional Quantities

Maximum entry inclination

R max

Vk max Maximum entry speed _

RRBILAS An entry down-range bias added to the value obtained
from the entry curve fits

TGLN A flag selecting the entry: target line (if other than

“the nominal)
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TABLE Vv, INPUT QUANTITIES FOR THE AST FUEL-
CRITICAL UNSPEGIFIED-AREA OPTION

Required Quantities

The minimum time at which maneuvers will be computed

o min

Tyect The state vector time in the mission plan table (MPT)
ephemeris

EP A flag selecting the entry mode

Optional Quantities

T The maximum abort time
o max
The maximum landing time
Z max
CIRI The direction of motion flag for lunar phase aborts (see
reference 10)
h , Minimum pericynthion altitude
pc min
IRmax Maximum entry inclination
VRmax Maximum entry speed
TGLN A flag selecting the entry target line (if other than the

nominal)

RRBIAS Entry downrange bias added to the entry curve-fit wvalue.
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The minimum-fuel option generates a return trajectory satisfying the
contingency target line at entry (built into the program), and minimizes

the required AV. To insure a minimum-fuel solution, the input AV .should

be zero. 1If the AV input is not zero; the program will, if possible, use

the indicated value of AV to compute a minimum-time solution; i.e., a
trajectory satisfying the entry target lime and returning as soon as pos-
sible, If the input AV is insufficient to ensure a safe return, a minimum-
fuel solution is obtained. In any event the generation of a minimum-fuel
solution is accompanied by an output giving the magnitude of the required

AV, The value of yp; is normally input as zero requiring P37 to calculate YgT

internally using the built in %arget line.

At the completion of the conic trajectory calculation, and again following
the precision integrated solution, the program displays values of the fol-
lowing parameters:

1. Landing point latitude

2, Llanding point longitude

3. Required AV yector

4, Velocity magnitude at 400,000 feet
5. Flight-path anéle at 400,000 feet

6. Time from abort ignition to 400,000 feet

When a propulsion system has heen chosen for the -maneuver, three additional
parameters are displayed: middle gimbal angle at ignition, ground elapsed
time of ignition (including computed ignition backup time), and time from
ignition. The program has a recycle capability by which the astronaut can
adjust input quantities and thus exercise control over the longitude of the
abort landing site. It should be noted that P37 does not contain built-in
constraints on return inclination, entry speed, or minimum or maximmm return
time. Since 811 solutions are inplane. no inclination control is available.
The program outpubs, however, do enable the astronaut to adjust the remaining
parameters by manual iteration. The only P37 constraint on the abort point is
that although the program will integrate the CSM state vector through the
moon's sphere of influence (MSI), it will not reliably compute a return-to-
earth trajectory for an ignition time within the MSI. Thus it will generate a
postpericynthion abort solution with a tig following MSI exit.

Execution of P37 causes the storing of refurn-to-earth target parameters for
later use by COLOSSUS P40 or Phl, which asre service propulsion subsystem
(8PS) and reaction control subsystem (RCS) thrusting programs, respectively.
The cross product steering constant is set egual to unity for use by the
Lambert aim point maneuver guidance.
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The appendix is extracted from References 12 and 13 and contains the
simplified logic diagram of the return-to-earth targeting, as well as
the CMC logic/astronaut checklist interface for COLOSSUS P37.
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5. SPACECRAFT SYSTEMS AND EQUIPMENT CAPABILITIES

CSM Subsystems

5.1.1 Propulsion,- The service propulsion subsystem (8PS} is the
primary thrust system for abort maneuvers executed during the LLM. It
is contained in the.sexrvice module and is nominally used during a lunar
mission for lunar, transearth, and orbital maneuvers, The major com-
ponents of the SPS are a helium pressurization system, a propellant feed
system, a propellant gauging and utilization system, and & rocket engine,
Service life for the SPS engine is about 750 seconds, -and the engine will
support 50 starts and shutdowns, ' The SPS thrust. chamber is gimbaled to
enable trim alignment of the thrust vector, which passes through the interw
section of Y and Z axes (of the CSM coordinate system) at X, = 833.2 inches
(reference 1%) At the null offset position).the thrust. vector is offset
from the X, axis +0.95 degrees in yaw and -2,15 degrees in pitch. These
null offsebs compensate for differences between the CSM center of mass and
its geometrical center. The gimbaling mechanism can provide £ 4,5 degree
inclinations from the null offset p051t10n measured about the YA {pitch
motion) and Z (yaw motion) axes. ; ’ ) X

Propellant and burn time requirements for AV maneuvers are functions

of spacecraft weight, engine performance parameters, and the desired AV,
Nominal block II SPS thrust is 20,000 pounds, resulting from a specific
impulse of 315.2 seconds and a mass flow rate of 63.5 pounds mass per
second., Figures 5,1-1 and 5.1-2, taken from reference 18, are nomographs
of block II SPS performance for the CSM and 'the CSM/LM configurationms,
respectively, Two examples of the use of the nomographs are shown in
figure 5,1-2, A line joining W,, = 96,000 .pounds (spacecraft weight) with
AV = 1900 fps intersects the propellant weight /burn time axis' at 16,400
pounds and about 258 seconds, thus showing the maneuver expendables for
this specific AV, For the same spacecraft conflguratlons (same W ), the
maximum available &V (5450 fps) is found by drawing a 11ne through

assumed maximum propellant weight of 40,000 pounds, )
The service module reaction control subSystem_(SM RCS) ‘consists of

four clusters (quads) of four thrust chambers each, located 90 degrees
apart around the forward'portionrof the SM periphervy. Each RCS quad
incorporates a pulse-modulated, bipropellant system to provide thrust-for
separation, docking, propellant-settling (for the SPS), and attitude maneu-
vers., Although nominal operations of the SM RCS are in a pulsed mode; the
performance parameters for a single RCS jet are given in terms of steady;
state operation. For a single jet the specific impulse is 276.0 seconds
and the propellant flow rate is 0.361 pounds per second, yielding a thrust
of 99.8 pounds,

As a backup system_the SM RCS is extremely Av 11m1ted. “At a space-
craft weight of about 96,000 pounds (loaded CSM/LM), four RCS jets firing

(in the same direction) for an assumed maximum operating time of 500 seconds
provide an impulse velocity of about 67 fps. An equivalent burn results in
a AV of approximately 300 fps when applied to an empty CGSM without the LM
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attached, Nominal SM RCS translational maneuvers; i.e,, SPS propellant
settling and small trajectory adjustments, involve AV values less than
10 £ps, Performance characteristics in this AV range are shown in
figure 5.,1-3, taken from reference 18.

5.1.2 Thrust vector alignment,- Alignment of the 8PS thrust vector
for a AV maneuver, e.g. an abort maneuver, consists essentially of two
steps, Fixst, the spacecraft is maneuvered to the desired thrusting atti-
tude supplied from the ground or by the CMC pre-thrusting program, Once
this attitude has been established, the SPS engine bell is trimmed in the
pitch and yaw planes such that the thrust vector passes through the cur-
rent spacecraft center of mass, Nominally both of these steps are
performed automatically, but manual capability is provided for those cases
where inoperable subsystems require it.

In the primary guidance, navigation and control subsystem. (PGNCS)
automatic mode, thrust vector alignment may be accomplished as follows,
Each of the pre-thrusting programs of the CMC (COLOSSUS P30, P31, and
P37) computes and stores the components of the AV vector for the desired
thrusting maneuver, as well as the initial thrust direction. These pro-
grams also display the middle gimbal angle (MGA) that would result if the
maneuver were performed with the existing inertial measurement unit (IMU)
orientation, Should the resulting MGA be larger than 45 degrees, gimbal
lock and loss of inertial reference is likely. In this case it is desir-
able to realign the IMU stable member to a preferred alignment- for the
impending maneuver; i.e., arbitrarily force the stable member (SM) axes
to the following directions:

X = UNIT (XB)

YSM = UNIT (XSM_X r)

Gop = Fou * Yoy

where X_ is the vehicle X-axis at the preferred vehicle attitude for
ignition and r is the spacecraft position vector at ignition. This
realignment is accomplished by calling P52, a program which provides the
option of realipning the IMU to any one of four orientations, including
the preferred orientation., (The astronaut may at this point choose to
manually maneuver the spacecraft to the desired burn attitude, : Following
execution of P52 with the preferred alignment option, this is simply a
matter of maneuvering so as to zero the angles on the flight director's
attitude indicator (FDAI) ball)., Prior to use of the SPS thrusting pro-
gram (P40), the CMC digital autopilot (DAP) loading routine, COLOSSUS RO3,
must be executed, In routine 03 the DAP spacecraft configuration and
weights are verified (updated by astronaut if incorrect), and the SPS
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engine trim angles are calculated and displayed for verification. Upon
completing the DAP routine, the astronaut keys in verb 46 ENTER to estab-
lish automatic guidance and navigation control, which includes activation
of the appropriate section of the DAP, The mext step is selection of P40,
the SPS thrusting program, for the monitoring of the thrusting maneuver,
One of the early steps of this program is the calling of CMC routine 60,
which automatically maneuvers the spacecraft to the ipitial thrust atti-
tude, by use of the DAP, Finally the pitch and yaw trim maneuvers are
executed -- also under automatic control of the DAP -- and the AV

thrust alignment is complete,

If the PGNCS is inoperative, some of the above operations must be
performed manually by the crew with ground assistance. To establish

reference the pilot will sight on a star (or other visual object) desig-
nated by ground control. Visual acquisition can be made with the sextant
(SXT), the scanning telescope (SCT), or the crew optical alignment sight
(COAS). The SXT is a 2B.power, dual line-of=-sight instrument, with each
line of sight having a 1,8-degree field of view, The SCT is of unit
optical power, but has a 60-degree field of view. Instrument limitations
restrict the effective optical coverage of the SXT and SCT to a 45-degree
halfwcone centered about the optical shaft drive axis, The COAS is a
lighted collimator device with a reticle consisting of a 10-degree circle,
vertical and horizontal crosshairs with l-degree marks, and an elevation
scale, Upon acquiring the star, the pilot will uncage one set of the body-
mounted attitude gyros (BMAGS), thus changing its fumnction from that of an
attitude rate indicator to an inertial reference indicator. The BMAGS are
part of the stablization and control subsystem (SGS), which is a backup to
the PGNCS, Inertial drift rate for the BMAG system is several orders of
magnitude greater than that of the IMU. After establishing an inertial
reference with the BMAGS, the pilot can reorient the vehicle to the
desired thrust attitude using pitch and yaw angles supplied by ground con-
trol, An alternative method for establishing attitude reference involves
observation of the earth'!s terminator. By obtaining a pre-determined
attitude with respect to the earth!s terminator at a specific time, the
crew enables ground comtrol to compute their present inertial attitude, and
thus the required pitch and yaw maneuvers to reach the proper 4V attitude.
Earth terminator alignment is discussed further in reference 18, With
flight charts of SPS trim angles versus weight, or information supplied
from the ground, the SPS engine can be trimmed through the vehicle center
of mass. These small maneuvers are performed with the SM RCS under
astronaut control, by manual input to the trim wheels,

5.,1.3 Guidance.- After a AV maneuver has been computed and the
spacecraft has been aligned to the initial thrust attitude, it is the func-
tion of a guidance system to properly direct the thrust vector for the
duration of the burn, insuring the targeted objectives of the maneuver.
Powered-flight guidance may be accomplished in one of several ways, as dis-
cussed in the following paragraphs.
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With all spacecraft subsystems operable, guidance is under PGNCS control and

is automatic. Pre-thrusting maneuvers, active engine on/off commands, and
continuous thrust-vector control are provided by the CMC DAP for SPS maneuvers
(using COLOSSUS P40), There are two available submodes, to accomodate

Lambert aim point maneuvers and external AV (fixed inertial attitude) maneuvers.
In either case, cross-product steering (reference 1k) is employed with a

basic guidance cycle time of 2 seconds. Each computation cycle is triggered

by reading of the pulsed integrating pendulous accelerometer (PIPA) AV

counters, and contains the following steps.

1, Updating of the spacecraft state vector in the average-g sub-
routine, including effects of thrust acceleration and gravity

2, Computation of the time to go (tgo) before engine shut-off

3. Generation of steering commands for the DAP; i,e., an attitude
rate (wCNB) tending to satisfy the cross-product steering law

4, Updating of the velocity to be gained vector (Vg) by solution
of the Lambert intercept problem (This step is omitted in the
external AV submode )

In step 4 above, the magnitude and direction of V_ are changed, resulting
in rotation of the thrust vector during the burn.® When external AV
guidance is being used, is calculated only one time and subsequent
steering commands to the %AP serve only to maintain the thrust at a
constant inertial attitude. In both guidance submodes the cyclic process
of PIPA AV measurement, steering computations, and DAP rate commands con=-
tinues until the value of t,, reaches zero, when the engine is automati-
cally comnanded off, Thé engine-off command actually results when'?g
reaches zero, since tyy is proportional to |Vg|. A complete discussion
of PGNCS guidance can be found in reference 1%. Figure 5.1-4, taken from

this reference, shows the guidance seggence for a Lambert aim point
maneuver., ' h

If the IMU is not on or is not aligned, or if for any other reason the
primary system cannot be used, a AV maneuver can be performed with SCS
thrust wvector control (TVC). Such maneuvers are limited to the fixed
inertial attitude mode and the spacecraft must be manually oriented to
the desired thrusting attitude. GControl of this type of maneuver cone
sists only of holding the thrust vector inertially fixed (SCS auto),
which is the function of the 8CS trim follower integrator., In addition to
controlling the direction of &V, the SCS also commands the SPS engine off
when the entry monitoring system (EMS) AV counter has counted dowm to
zero, The EMS AV counter must be manually set at the desired value prior
to an SCS maneuver,

In severe contingencies the abort maneuver may have to be controlled manu-
ally. Without ground communication, a AV attitude must be'determined by
astronaut reference to the earth!s horizon or terminator, or to the moon's
horizon or terminator. 1In addition, the astronaut must maintain this
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attitude during the burn by continuous visual observation of his out-of-the-
window reference, For a constant-attitude, inplane maneuver, the pro-
cedure involves:

1. Determining the orbital plane and aligning the spacecraft's
pitch plane (X-Z plane) with it

2. Lining up an appropriate horizontal line of the COAS reticle
with (for example) the far earth horizon

3. With the rotational hand controller {of the SM RGS jets),
maintaining the required pitch angle with respect to the

horizon

4, Manually commanding thrust on and off, assuming the AV (as
well as horizon reference angle) has been determined from
prepared crew charts

5.2 1M Subsystems

5.2,1 Descent Propulsion System (DPS).,- The LM DPS is the prime back-
up system in case of SPS engine failures for TLC aborts, Accordingly, it
is appropriate to describe the DPS in terms of the major operatiomal differ-
ences between the two propulsion systems,

The DPS is physically smaller and carries less fuel, about 18,000 pounds
compared with 40,000 pounds in the SPS, In order to provide hover and
lunar soft-landing capability, the DPS engine is throttleable between

65% and 10% of its full throttle point (FTP) thrust of 10,500 pounds. This
FTP thrust is approximately half the constant 20,000 pound thrust level of
the SPS, Thrust level uncertainties for the DPS are relatively large due
to variable erosion of the engine threat.

The fuel-pressurization system for the DPS contains supercritical helium
(SHe), which will be loaded about 18 hours prior to nominal liftoff., Due
to transfer, of heat from the surroundings, the SHe tank pressure increases
by .about 10 psia per hour until the DPS engine is fired, Safe operation

of the engine at FTP requires a SHe pressure range from 450 to 1400 psia,
which corresponds to a time range from 37 to 132 hours following SHe load-
ing. The disadvantages of accommodating DPS maneuvers (especially abort
maneuvers) to the helium pressure timeline are offset by the obvious advan-
tage of accomplishing fuel pressurization with a lighter, more compact

system,

The start sequence for the DPS engine requires that the throttle be held
at 10% of full thrust for at least 15 seconds. Under the control of a IM
guidance computer (LGC) thrusting program, the 10% period is 26 seconds.
This low-thrust period is required for the engine gimbal, which is a slow-
response mechanism, to center the thrust vector through the center of mass,
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Instantaneous high-thrust operation of the DPS could (with an initial
gimbal offset) produce large torques about the center of mass and require
excessive LM RGS fuel to maintain stability,

In the event of an SPS failure on an early TLC abort maneuver, the LM

DPS could provide a AV of 1900 fps to the loaded CSM/IM, by using fulla
thrust for about 590 seconds,

5,2.2 Thrust Vector Alignment,- The establishment of a AV attitude
under IM primary guidance and navigation control is similar to the proce-
dure used for SPS maneuvers, LUMINARY program 40 in the LM guidance com-
puter (LGC), contains logic for control of DPS burns (corresponding to
"COLOSSUS P40). Prior to calling P40, routine 03 is executed in order to
verify vehicle weight and inertia data in the DAP., Routine 03 in the LGC
also computes and (upon astronaut option) performs the DPS engine trim

-maneuvers, Following routine 03, verb 46 ENTER is used to activate the
DAP, Program 40 includes the execution of routine 60, which maneuvers to
the initial thrust attitude specified by the pre-thrusting program
(LUMINARY P30 or P31).

Without the primary LM inertial subsystem (IMU), AV alignment must be
obtained manually using optical measurements to establish imertial refer-
ence, This is a difficult procedure because of mechanical limitations on
the LM alignment optical telescope (AOT), If the spacecraft can be placed
in the plane of two known stars, attitude reference can be established with
the aid of ground control, and gimbal settings for the desired maneuver
attitude can be supplied.

The above considerations refer to the IM only. For abort situations aris-
ing after the post-TLI malfunction checks, the IM will be in a docked con-
figuration with the G5M, The -use of the IM DPS as a thrust backup to the
SPS presents no particular problems of AV alignment, except in the extreme
case of complete loss of voice communications in both wehicles, In such-a
situation a block-data abort solution or abort parameters generated by the
CMC return-to-earth program (CMC P37) could be manually input to LGC program
30, and the maneuver subsequently performed with LGC program 40,

5,2,3 LGC Guidance,- Powered-flight guidance with LGC program 40
provides the same two modes as CMC program 40: Lambert aim point guidance
and external AV (constant inertial attitude) guidance. The LGC guidance
computation sequence is described in detail in reference 20, and is virtu-
ally identical to that in the CMC program 40 (see section 5.1,3)., The LM
PGNCS also provides an attitude-hold mode which can be used for a AV maneu-
ver in a CSM/LM docked configuration.
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6. TRANSLUNAR COAST ABORT PROCEDURES

6.1 Ground Rules

Following is a list of ground rules to be used in the establishment of
TLC abort procedures. It should be emphasized that these are not mission
rules, but do constitute the current ratiomale for the eventual formation
of mission rules concerning abort procedures. These ground rules, as well
as the procedural flow charts to follow, will be rEVIEWEd 1n1t1a11y by

the Apollo Abort Working Group.

1.

The SPS is the prime propulsion system for all abort situations,
and the DPS will be used only to backup an 8PS failure.

Initial abort attempts will use the SPS in the (CSM/IM docked
configuration, retaining the DPS for its SPS backup capability.

Minimum time for abort maneuver preparation when using the IM
DPS is assumed to be 2 hours.

If possible the LM should be kept as a communications backup,
to provide entry data as close as possible to entry interface.

Upon total loss of ground/spacecraft communications, an abort
will be performed at the next time point for which ground con-
trol has previously supplied an abort sclution. In such a case
ground contrel will have the predicted CM landing point.

Block-data abort solutions for the SPS will be’ prov1ded follow1ng
each GO/NO GO decision point.

Block-data abort solutions will be used only in the event of
complete communicaticns loss.

Block data will be provided in a form and quantity such that the
crew will have sufficient information to perform an SC8 auto abort
(to backup ISS or CMC failures).

Ba. The data will be compatible with outputs. from the onboard
return—-to-earth program (P37).

8b. The block-data solutions will involve inplane aborts only.
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8c, Table VI is a schedule of block-data abort solutions,
showing the time at which ground control provides the
data, the approximate time of dignition, and the ratiomale
for the solution,

84. Table VIT presents the information required for block data.

9. In the event that circumlunar, post-pericynthion aborts result
in a shorter total fiight time than direct-return aborts, the
former will be used.

6.2 Procedures

In general terms, TLC abort situations can arise in two different ways:
degradation of a life-support system at a rate too rapid to permit con-
tinuation of the mission, ot loss of a spacecraft subsystem sco as to
preclude one or more mandatory mission objectives. Loss of ground/space-
craft communications constitutes a severe contingency of the second type,
and procedures for the no-communications case will be presented in a
separate logical flow diagram.

The logical flow charts presented in figure 6.2-1 and 6.2-2 are predicated
on the assumption that no major trajectory dispersion or subsystem failure
has been identified during translunar injection, the subsequent malfunction
checks, or the transposition and docking (T and D) maneuvers. Immediately
following T and D, the crew will have as a minimum an abort solution for
TLI cutoff +5 hours, provided to cover SPS failures cccurring during TLI
and T and D. Between T and D and the first midcourse correction (MCC 1)
this 5~hour solution will be updated to include TLI dispersions, and a
10-hour solution will be provided for earth return in case of an SPS failure
at MCC 1. The schedule for.providing and updating block-data solutions
continues as indicated in table VII. Rationale for the solution schedule
is as follows:

Return-to-earth solutions should be provided a few hours after
each GO/NO GO decision time. These GO/NO GO peoints are:

la. TImmediately following MCC 1.
Ib. Following the first two crew sleep periods.

lc. The point at which the spacecraft must be committed beyond
the switchover time for direct versus circumlunar aborts
using DPS AV capability. This latter decision point is
variable, depending on earth/moon distance, i.e. launch
date (see Section 3.3.1).

2. Following each AV maneuver, solutions for later abort ignition
times should be updated to incorporate the trajectory effects
of the maneuver.



Table VI.

Time at Which
Ground Control
Supplies Data

1.

During earth
parking orbit
(Pre-TLI)

Between T and D
and MCC 1 (MCC at
TLI cutoff + 7 hrs)

Following MCC 1

Lk

Approximate
Abort Ignition
Time (Hrs after
TLI cutoff) -

SCHEDULE OF BLOCK DATA ABORT SOLUTIONS
FOR TRANSLUNAR COAST

Rationale for -Providing Abort
Solution at This Time"

5

10

10

15

20

86

1.

2a.

2b.

3a.

3b.

3ec.

3d.

To provide data for SPS failures
detected during TLI or T and D -
CSM/LM configuration - abort AV
within LM DPS capability includ-
ing 200 fps reserve for MCC

Refine solution No. 1 by incor-
poration of TLI dispersions -
DPS AV capability

To provide a return—to-earth
solution in the event the SPS.
fails at MCC - solution in-
cludes no effects of a MCC AV

Supply solution incorporating
effects of MCC AV - DPS AV
capability

Provide abort sclution for SPS
failure at 10-hr abort - for

all later ignition times, a
postpericynthion abort within’
the IM DPS capability vreturns
faster than a direct-return abort

Solution provided at ~2 hrs

following crew sleep period -
abort AV within SPS capability
in CSM/IM docked configuration

A postpericynthion solution
within DPS capability, provid-
ing backup for SPS failures
cccurring during remainder of
TLC - t; . is 2 hrs outside MSI
on transearth leg of free-return
trajectory (solution to be up-
dated following subsequent MGCs)



Time at Which
Ground Control
Supplies Data

4, TLI cutoff
+ 19 hrs

5. TLI cutoff
+ 43 hrs

6. TLI cutoff
+ 61 hrs

L5

Table VI. (Continued)

Approximate
Abort Ignition
Time (Hrs after
TLI cutoff)

44

0.2 7]
o2 978

86

86

Rationale for Providing Abort
Solution at This Time

da.

4b.

This solution provided ~2 hrs
following crew sleep period -
abort AV within SPS capability.
in CSM/IM docked configuration

Update to.previous postperi-
cynthion solution - within IM
DPS capability

Update te solution No. 4b.

For t;, later than TLI cutoff
+ abou% 50 hrs, direct-return
aborts using SPS capability in
docked configuration do not re-
turn as fast as postpericyn-
thion (low AV) aborts

Update solutiom No. 5 - still
within IM DPS capability
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Upon confirmation of an abort situation, the crew, with ground support,
must establish a safe maximum return time and the AV required to achieve
it. In the GCSM/IM docked configuration the available AV for abort
situations is approximately 5000 fps (SPS) or approximately 1900 fps

(1M DPS). The SPS can provide 10,000 fps to the CSM only. This AV value
determines whether the LM can be retained for backup capability. A .
minimum return time can be found for both the CSM and CSM/LM configuraticns,
and the landing site control (if any) allowed by the maximum and minimum
return times can be established. A real-time choice may have to be made
between increased landing site control and the advantages of retaining -

the IM. TFor abort sibuations occurring between the direct/postpericynthion
switchover time with DPS capability (TLT + 18 to 25 hrs) and the direct/
postpericynthion switchover time with SPS capability (TLI + ~50 hrs), the
BPS is the only means for decreasing return time below the postpericynthion
value. Thus, during this interval, time-critical aborts will use the SPS.

6.2.1 Logical flow charts for ground communications ecase.- After
the decision to abort has been made, and the return time/landing site
tradeoffs have been made, ground control will send the aborit solution
via voice and computer uplink. In the voice-communication mode, the
message would contain the information listed in table VIIT which includes
the external AV targeting parameters sent by telemetry uplink.

An gbhort solution via CMC uplink is accomplished through COLOSSUS program 27,
which can be called from the ground or at astronaut option. Verification

of receipt of the uplinked parameters is performed by calling P30 and
subsequently PLO following an IMU alignment.

If the computer is inoperable, the abort maheuver will be performed in the
3CS auto mode using the AV value supplied by ground control. The AV
aligmment can be obtained %y using the supplied gimgal angles, provided
the IMU is found to be properly aligned. If not, AV alignment may be
established in one of two ways. If the IMU and one of the BMAG systems
were known to be properly aligned within the previous three hours, the
ground-supplied gimbal angles can be used in conjunction with the BMAG
system to achieve the required aligmment. Otherwise, AV aligmment rust

be obtained by use of the visual references for SPS ignition attitude.

The logical flow diagram for abort cases with ground comminication 1s
shown in figure 6.2-1. A postabort MCC will be planned following all
abortg from TLC. With good communieations, MCC procedures will follow
the procedures used for the abort maneuvers. Should communications be
lost following the abort maneuver, any required MCC will follow the
procedures outlined in section 6.2.2, with the exception that no block-data
solution will be available.

6.2.2 Logical flow charts for no ground communications case.- IT
there is a failure of ground/spacecraft communications, the crew will
perform an abort at the next time for which ground control has supplied
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8 block-data solution., The bloeck data will consist of the parameters
shown in table VII. Program 37 will be called and an onboard solution
will be genmerated using the block data solution (using the block data
AV and GETI). Figure 6.2-27is a detailed logical flow chart of the-
procedures to be followed for a TLC abort with no ground communications.
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TABLE VII.- BLOCK DATA INFORMATION FOR TRANSLUNAR COAST :

Parameter

GETT

T.
ig

SHAFRT
TRUNNION

Ground elapsed time of abort maneuver ignition, hrimin:sec

Impulsive ignition time for P37 input

Change in velocity magnitude, fps

Latitude of resultant landing point, + north, deg
Tongitude of resultant landing pointing, + east, deg
Transit time from GETI to 40O 000-ft altitude, hr:min:sec
Tnertial velocity at 400 000-ft altitude, fps

Inertial flight path angle at 400 000-f% éltitude, deg

IMU gimbal angles at SPS ignition attitude based on current
REFSMMAT, deg

Identification of known STAR/S at ignition attitude to be
used for BMAG aligmnment for SCS auto abort maneuver (for
IMU fail) and IMU alignment verification

SHAFT and TRUNNION angles for BMAG aligmment (for IMU fail)
and IMU alignment verification
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TABLE VIIT.- RETURN TO EARTH MANEUVER PAD MESSAGE

Parameter

Propulsion system
Guidance

GETI

AV
X

AV
¥

AV
%

SXTS5

SFT
TRN
GET

LONG
ALT

WGT
ETRM
YTRM

Description

Propulsion system to be used

Normally external AV

Ground elapsed time of main engine ignition

Three components of impulsive AV along
local vertical axis

Total characteristic velocity change for
the maneuver including ullage and tailoff

Main engine on time

Characteristic velocity measured along Xb

MU gimbal angles at burn attitude

Post abort apogee and perigee altitudes

Star identification for sextant for backup
attitude and IMU check

Shaft angle of SXTS

Trunpnion angle of SXTS

Time and position for preburn state vector
check

Vehicle weight engine trim angles
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TABLE VIII.- RETURN TO EARTH MANEUVER PAD MESSAGE - Concluded

In addition to the maneuver pad, preburn entry data will be provided:

Parameter Description
Area
V00K e
CLA jidentification inerbtial entry wvector
Yhoox
L.V. Lift vector orientation at 400 000-f%
altitude
Ryo0x
PhOOK IMU gimbal angles at 400 000-ft altitude
Yook
Rth.OSg Range to go to landing target at .05g
V1o 058 Inertial velocity at .05g
RET .05g Time from beginning of main engine on
to .058
LAT G hi sition of landing t t
LONG eographic positio ing targe
v Skip velocity-inertial velocity at the
L point where g level falls below 0.2g
CONST G Entry g level for backup entry
MAX G Maximm leoad factor during entry
RETBBO Time from GETI to beginning of blackout
RETEBO Time from GETT to end of blackoub
RETDROG Time from GETI t¢ drogue chubte deployment
RETGIL Time from GFTI to entry guidance initiation
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APPENDIX

Figure A-1 shows the simplified logic diagram for the COLOSSUS
return~to-earth targeting routine (P37), taken from reference 12,
Figure A-1 is accompanied by a nomenclature list, The remainder of
the Appendix is a listing of the operational interface between the
CMC logic for P37 and the astronaut check list. This listing is
reprinted from reference 13.

NOMENGCLATURE for Figure A-1

t Any CSM state-vector time during non-thrusting
flight, as recorded by the CMC clock

£ Abort ignition time

n1 Counter

£ Flag set to { ) L o teeny phase

RRC Conic entry radius magnitude

YRC Conic entry flight path arigle

RRD Desired final entry radius magnitude

YRD Desired final entry flight path angle

RRP Finél entry radius magnitude of a precision
trajectory

ka Entry radius vector of a precision trajectory

X(tl) Cotangent of the flight path angle at abort cutoff

Av Impulsive velocity change -

¥ Velocity vector

Av Desired velocity change
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START

Integrate CSM
state vector from
ro to f.l_

Estimate conic RRC
and YRC

|

m = +1
Rec = R'rc
e T Yee

{Reference 12)

-=— Do CONIC RETURM

|

Compute reentry state véctor
and flight time vsing conic
subroutines

Y

called RIRC and Y'RC

Compute new Rec and Ypes

No solution

lvpe = T'rel > %3

Compute estimated
landing site
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YES

Display

NG

Rep * Rpor YRD = YR
" =90, f = 1

Integrate abort cutoff state
vector until a path angle
Ygp i reached

Rep = I7eel

Exit

f

NO
] MNo solution l

§ NO

Linearly
prediet
new RRC

n1=n]+l

Do CONIC RETURMN

(Reference 12)

Figure .A~1. — Continued
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|

Compute bounds on X(fl)
for‘X(I]) ~- AV iterator

based on maximum
allowable semimajor axis

Compute additional bounds on
X(f]) far X(rl) -~ AV iterator to

prevent oscillation during
iteration for a precision trajectory

l

£

Use X(I’]) - AV iterafor to
find X(fl) and cbort cutoff -

V which require a &V = AVD

Use X(t]) - AV {rerator to
find X(r]) and cbort cutoff V
which require a minimum AV

Restrict large changes in
X(t]) resulting fram a chenge

in the relative minimum AV

@

CONIC RETURN ROUTINE
Figure A-l. - Concluded

(Reference 11)
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APULLY  COMPUTER LOGIC CHECKLIST INTERFACE

RETURN TO EATH (P37} LOGIC REV 20 04/09/68
CHECKLIST REv 09 12427767

(1) THIS PRUGRAM WILL COMPUTE A RETURN TO EARTH TRAJECTORY PROVIDING THE CSM IS OUTSIDE THE LUNAR SPHERE OF INFLUENCE

AT THE TIME JF TGNITIONS

{2} THIS PROGRAM COMPUTES AND DISPLAYS A PRELIMINARY SE%IES OF PARAMETELRS BASED CN A CUNIC TRAJVECTORY ANDj:
As ASTRONAUY SPECIFIED TIME OF IGHNITION,: i
Be ASTRONAUT SPECIFIED MAXIMUM CHANGE IN VELOCITY.
Ce ASTRONAUT SPECIFIED RE-ENTRY ANGLE.

THESE PARIAMETERS ARE:

(A) TIME FROM IGNITION T2 REFNTRY.

(3} REENTRY INERTIAL VELOCITY.

(C) REENTRY FLIGHT PATH ANGLE.

{2} LATITUDE JF SPLASH.

{E) LONGITUDE JF SPLASH.

(F) DELTA Vv (L)

{3} WHEN Tht INITIAL DISPLAY IS SATISFACTORY TO THE ASTRONAUTs THE PROGRAM RECOMPUTES THE SAME DATA USING APPLICABLE
PERTURBATIONS.TO THE CONIT TRAJECTORYs AND DISPLAYS THE NEW VALUES.

{4) UPDN FINAL ACCEPTANCE BY THE ASTRONAUTs THE PROGRAM COMPUTES AND S10RES THE TARGET PARAMETERS FOR RETURN TO EARTH
FJOR USE BY 525 PROGRAM (P40} OR RCS PROGRAM (P41).

{5} BASEDL UPON SPECIFIED PROPULSION SYSTEM THE FOLLOWING ARE DISPLAYEN:
(A} MIDDLE GIMBAL ANGLE AT IGNITION.
(BY TIME OF IGNITION. (TIG).
(C) TIME FROM IGNITION (TFI).

(1) THIS PRO3GRAM ASSUMES THAT CONTACT WITH THE GROUND IS5 JNAVAILABLEs aND 15 COMPLETELY SELF CUNTALINED,

(2} THE ISs NEEL NOT BE IN TO COMPLETE THIS PROGRAM,

(3) IF VALUE OF VPRED ENTERFD IN NOUN 60 IS LESS THAN THE MINIMUM REWUIRED TU RETURN 10 EARTH» THE DELTA V RpUUIRED
VECTOR WILL 3E CUMPUTED BASED onN A MINIMUM VALUE. IF VALJE ENTERED 1S GREATER THAN THE MINIMUM REQUIRED Tp KETUKN To

EARTH THEN THE ALTRONAUT JESIRED vALUF wILL BE USLD TO COWPUTE THE DE!I FA v HeyUIRED VELTOR. THt COMPUTED DELTA W
FEJUIKED VECIJR wlIlL BE DISPLAYED IN NOUN 8.

(4} THE DAP JATA L DAV ROJTINF SHOULD BE PERFORMED PRIUR T2 COMPLEIION OF THIS PROGRAM (SEE CREW COLUMN bELOW),

F37/40L055uS

9
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