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FOREWORD

Introduction

Mission Systems program documentation is published in a set of seventeen
books which are part of the Apollo Programming Systems documentation
series. (This series includes Mission Systems, Simulation, and RTOS
Guide. ) Each Mission Systems Department subsystem maintains two books
(one for the Apollo 200 series missions and one for the Apollo 500 series mis-
sions). Each book is titled with the name of the subsystem to which it applies
and contains the task and load module writeups for that subsystem. The
Mission Systems Integration Department also maintains a book for each series.
The contents of these books include task and load module writeups for Mission
Control programs and data tables, MED formats and library routine writeups
for all subsystems. (See Figure 1 for book titles. )

This documentation is intended to:

• Assist programmers in maintaining and coding programs
• Provide an information tool for managers
• Provide NASA with a description of the completed programs
• Provide the library with reference and historical information

about the project.

Publication Procedures

The publication procedures as shown in Figure 2 are described in the following
paragraphs. After a program has been coded and described in a writeup (for
mat discussed on page iv), the programmer completes a Technical Services
Request Form (form #66-5000, available in secretarial areas) and attaches it
to the writeup. Figure 3 illustrates information to be supplied by the programmer.

The writeup is submitted to the programmer's manager for technical approval.
The manager reviews the program, signs the request form and forwards the
document to the Mission Systems Documentation Coordinator.

The Coordinator logs receipt of the document and examines it for correct
format. Format errors are called to the programmer's attention for correction.

Copies of the completed document are made for the Mission Program Design
Guide (MPDG) and the original is forwarded to Technical Services. The MPDG
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MISSION SYSTEMS - General
MISSION SYSTEMS - AS-200 Systems Integration
MISSION SYSTEMS - AS-500 Systems Integration
MISSION SYSTEMS - AS-200 Digital Command System
MISSION SYSTEMS - AS-500 Digital Command System

. MISSION SYSTEMS - AS-200 Launch/High Speed Abort
MISSION SYSTEMS - AS-500 Launch/High Speed Abort
MISSION SYSTEMS - AS-200 Mission Planning
MISSION SYSTEMS - AS-500 Mission Planning
MISSION SYSTEMS - AS-200 Orbit Trajectory Computations
MISSION SYSTEMS - AS-500 Orbit Trajectory Computations
MISSION SYSTEMS - AS-200 Reentry Computations
MISSION SYSTEMS - AS-500 Reentry Computations
MISSION SYSTEMS - AS-200 Telemetry
MISSION SYSTEMS - AS-500 Telemetry
MISSION SYSTEMS - AS-200 Trajectory Determination
MISSION SYSTEMS - AS-500 Trajectory Determination

Figure 1. Apollo Programming Systems Books

''Used For Documentation of Mission Systems Programs
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copies are maintained for programmer reference until the document is
published. Guides are located in each Mission Systems secretarial area.

The Technical Services Department edits the document, types it in final form
for photographic reproduction, and returns the original and typed copies to the
Mission Systems Documentation Coordinator for review of typed format. He
forwards the document to the programmer.

The programmer proofreads the typed document and makes any necessary
corrections. He then signs the first approval block and sends the original
copy and the corrected typed copy to his manager. The manager signs the
second approval block and returns both copies to Technical Services.

The approved program writeups are printed and distributed to holders of the
applicable documentation books. Original drafts are retained by Technical
Services. The programmer receives a published copy of his document. Any
revisions to the document are processed in the same manner.

Program Writeup Procedure

The programmer documents each task, load module, MED entry and data table
assigned to him. The required information is outlined on standard draft forms
(Figures 4-13) available in Mission Department secretarial areas. The follow-
ing paragraphs describe the forms and procedures to be used in preparation of
docume ntation.

Draft forms have standard headings which permit the programmer to supply all
information necessary to identify the location of writeups when published. Each
of the following must be provided.

Book — Name of the Apollo Programming Sys-
tems book in which the writeup will be
published (see Figure 1 for names).
When the document applies to both 200
and 500 series missions; both book
names are to be provided.

Section — Section identification consists of section
number concatenated with symbolic name
of task, load module MED entry of data
table. Section numbers are determined
by referencing the book table of contents.



Foreword

RTCC APDLLD PROGRAMMING SYSTEMS DATE

REV
PAGE vi of xiii

BOOK: MISSION SYSTEMS

Page — Pages of the draft are numbered sequen-
tially beginning with one (1). Page one
of the draft should indicate the total num-
ber of pages included (i. e. , "1 of x",
when x is the total of written faces in-
cluding flowcharts).

The programmer is required to complete only those forms which are applicable
to his assignment; however, each item outlined on the selected forms is to be
completed. When the requested information is not available, an indication is
to be made as to whether the information is not applicable (NA) or to be pro-
vided later.

Selection of appropriate forms should be based on the following:

a. Task Writeups - Each independent task is to be documented. Four
forms are provided to be used as indicated below.

1. TASK WRITEUP (Figure 4) - Required for each task
2. TASK RESOURCE TABLE (Figure 5) - Required if applicable
3. TASK SUBPOOL LIST (Figure 6) - Required if applicable
4. FLOWCHART (Figure 7) - Required for each task; provides a

general logic flow showing the relationships of load modules
required to perform the task.

b. Program Writeups - Each load module is to be documented. Five
forms are provided to be used as indicated below. Additional tables
may be provided as the user requires.

1. PROGRAM WRITEUP (Figures 8) - Required for each load
module. For mathematical routines, "METHOD" should contain
the derivation and proof of the method used. In addition, the
source of the derivation or reference to the source document
should be detailed enough to explain the method. Additional com-
ments which may assist the reader may be included.

Any data tables and MED entries used by the load module are to
be referenced in the appropriate place in the writeup; however,
detailed documentation of these items is to be published separately.

2. DTROUTE, RTQCNTRL, RTATTACH MACROS (Figure 9 - Re-
quired when used by the load module; provides format and purpose
of each use in program.
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3. SYSTEM PARAMETERS (Figure 10) - Required when used by
load module; provides a list of all Mission Systems Parameters
used in program.

4. PARAMETER LIST (Figure 11) - Required when used by load
module; one form prepared for each list.

5. FLOWCHART (Figure 7) - Required for each load module;
provides detailed logic flow of program.

c. MED Formats (Figure 12) - One form is to be completed for each
MED code.

d. Data Table Formats (Figures 13) - A form is to be completed
for each data table. The colums, BLOCK, WORD, BYTE and BIT
refer to actual location of data within the table. Only those columns
necessary to describe data are to be used. If the data is handled as
separate bits, the bit location is noted and the type column is blank.
If the item is a full or double work, byte and bit location are not
supplied.
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MED Format Table
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MISSION PLANNING SUBSYSTEM
FUNCTIONAL SPECIFICATIONS FOR THE MISSION SYSTEMS

EARTH ORBITAL RENDEZVOUS PROGRAM

INTRODUCTION

The purpose of the Mission Planning Subsystem is to plan and control all ma-
neuver computations necessary for the Apollo earth-orbit rendezvous mis-
sions, to provide the necessary computations to target the chaser vehicle to
the orbit of the target vehicle, and to communicate with the Marshall Space
Flight Center in Huntsville, Alabama. This subsystem provides the NASA
flight controller with a real time prelaunch and midcourse maneuver planning
capability.

All programs included in the Mission Planning Subsystem execute under the
control of the same real time task (PTMANC). This subsystem is divided
into the following logical processing units:

a. Saturn Launch Vehicle (SLV) Targeting
b. General Purpose Maneuver (GPM) /Perigee Adjust
c. Two-Impulse (T/I)
d. Docking Initiate (DKI)/ Co -elliptic Sequence (SPQ)
e. Maneuver Control

The programs are designed to give the flight controller maximum flexibility
and control of all maneuver processing.
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MISSION PLANNING SUBSYSTEM UNITS

Saturn Launch Vehicle (SLV) Targeting Unit

The Saturn Launch Vehicle Targeting Program is exercised in the period of
time between the determination of the first vehicle (target) trajectory and the
second vehicle (chaser) liftoff. This period of time is called the prelaunch 2
phase of the mission.

The main purpose of the SLV Targeting Program is to compute the Saturn
guidance parameters necessary for the second vehicle to be inserted into an
orbit whose relationships with the first vehicle orbit are such that rendezvous
can be achieved.

The second vehicle ephemeris which may be generated in the prelaunch 2 phase
can be used for mission planning purposes. Among these are rendezvous and
reentry planning.

The program can be initiated by the following manual requests:

a. Compute and display recommended liftoff time (GMTLO ) and inser-
K.

tion velocity (V__,,.,) associated with an input liftoff time in the pane of
IGM

the launch window at which the second vehicle liftoff must occur in
order to achieve the nominal rendezvous plan for the mission under
consideration. VT_, . is the insertion velocity needed to place the

IGM
second vehicle into an orbit such that at first apogee (or some input
angle or delta time measured from insertion), it is above or below the
target orbit by a desired delta altitude, AH, (n.m.) . If desired a spe-
cific velocity can be input.

b. Compute and display the Saturn guidance parameters associated with
an input GMTLO and VT_. ,.

IGM
c. Perform Step b. In addition route the nominal insertion vector used

to compute the targeting parameters to an ephemeris generation pro-
gram. The insertion vector will be stored for the launch program.

d. If the condition-for-launch has occured, perform Step b and save the
insertion vector for the launch program. The vector is not routed to
generate an ephemeris.
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Also during prelaunch 2 phase there is an Ephemeris Data and Targeting
Parameter Transmission Program which is initiated by a manual request.
The purpose of this program is to format the current ephemeris data and
Saturn guidance parameters in a teletype format and send it to Marshall
Space Flight Center (MSFC) simulation computer at Huntsville. When the
program is entered, which is prior to second vehicle liftoff, the current
ephemeris data is gotten at the input Epoch time, and the Saturn guidance
parameters which have been computed are formatted and sent to MSFC.
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Figure 2. Saturn Launch Vehicle (SLV) Targeting Unit
Flowchart (Sheet 1 of 3)
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Figure 2. Saturn Launch Vehicle (SLV) Targeting Unit
Flowchart (Sheet 2 of 3)
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Figure 2. Saturn Launch Vehicle (SLV) Targeting Unit
Flowchart (Sheet 3 of 3)
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Load Module Descriptions — The load modules described below are included I
in the Saturn Launch Vehicle (SLV) Targeting Unit.

PMMPAR — This load module is designed to take an input-planned liftoff
time and compute the recommended liftoff time. Then using the recom-
mended liftoff time, the SLV targeting parameters are computed and a J
trajectory update is generated using the insertion vector which was used "
to compute the targeting parameters.

PMXTAR — PMXTAR (SLV Transmission Load Module) formats the SLV
targeting parameters and transmits the information to Huntsville by a
teletype message.

PMDTAR — This load module displays the SLV targeting parameters.
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General Purpose Maneuver (GPM)/Perigee Adjust Maneuver Unit

Load Module Descriptions — Described below are the load modules for the
GPM/Perigee Adjust Maneuver Unit.

PMMGPM — The function of the General Purpose Maneuver Processor is
to provide the flight controller with two main capabilities:

a. To determine the effect that a specified incremental velocity applied
at a given maneuver point (along a given pitch and yaw) will have on
the orbit;

b. To determine the maneuver required to obtain a. specified orbit or
orbital change.

The first capability is more commonly known as a flight controller special
maneuver request and has six options for the maneuver point.

a. An equatorial (nodal) crossing
b. A specified longitude
c. A specified time
d. A specified height
e. An apogee crossing
f. A perigee crossing

The second capability is divided into eight types with various maneuver
point options.

a. A plane change at a certain equatorial crossing, longitude, time
or height,

b. A circularization maneuver at a longitude or height,
c. A maneuver at perigee to adjust apogee or vice-versa,

d. A maneuver to adjust the height 180 around from the maneuver
point at a longitude or time,

e. A maneuver to shift the ascending node at an optimum time, longi-
tude, time or height,

f. A maneuver to obtain a specified apogee and perigee at an optimum
time, longitude, time, or height,

g. A maneuver to shift the ascending node and adjust the height 180

around from the maneuver point at a longitude or time,
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h. A maneuver to shift the line of apsides to the maneuver point and

obtain a specified height 180 around from the maneuver point at
a longitude, time, or height.

The output of the GPM Processor is a display containing such maneuver
information as AV, pitch, yaw, maneuver time, maneuver height, etc.,
and such post maneuver information as apogee and perigee heights, longi-
tude of the ascending node, eccentricity, etc. A table containing the ele-
ments before and after the maneuver at the impulsive time is also output
so the maneuver may be transferred to the Mission Plan Table if desired.

PMDGPM — The Display Load Module formats all necessary information
required on the GPM Display.

PMMPAD — The function of the Perigee Adjust Processor is to compute
a series of maneuvers each of which will raise perigee to a specified
height while keeping the thrust direction at a constant angle to the hori-
zon. A threshold time, desired perigee height and a desired time increment
are the main inputs, while the main display values are the begin time burn,
the velocity increment required, and the resultant apogee and perigee values
for each of the six maneuvers computed. A table containing the elements
before and after each of the maneuvers is also provided so that a selected
maneuver can be transferred if so desired.

PMMPAD — The Display Load Module formr'.s all necessary information
on the Perigee Adjust Display.



RTCC APOLLO PROGRAMMING SYSTEMS

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

EORP
DATE 6/19/67
REV
PAGE 11 Of 42

Two Impulse Unit (T/I)

The purpose of the Two-Impulse Unit for the AS-258 Mission is to provide the
flight controller with a set of two maneuvers which can be transferred to the
Mission Plan Table (MPT) to achieve desired orbit conditions of the maneu-
vering vehicle.

The unit works in terms of chaser and target vehicle, and in terms of a trans-
fer initiation time and transfer completion time. The first maneuver computed
is a chaser transfer inititation maneuver needed to intercept a point in space
which is defined in terms of the target vehicle. This intercept point is defined
using phase angle and height difference offsets from the target vehicle at the
transfer completion time. The second maneuver of the set, which is done at
this intercept point, is a co-elliptic maneuver. For example, if the desired
offsets are both zero at the transfer completion time, the transfer initiation
maneuver will cause the chaser to intercept the target at transfer completion
time, and the transfer completion maneuver would be a velocity matching ma-
neuver.

The Two-Impulse Unit has two major areas to accomplish its purpose: (1) the
regular Two-Impulse or Multiple Solution option and (2) a Corrective Combin-
ation or Digital Option.

The regular Two-Impulse request is initiated via Manual Entry Device (MED)
input. A maximum of thirteen solutions may be displayed on the Multiple
Solution Display. If more than thirteen solutions are computed, the thirteen
which require the least fuel expenditure are displayed. The flight controller
may fix the time of the first maneuver and vary the time of the second maneu-
ver through a time increment; he may hold the second maneuver time fixed
and vary the first maneuver time; or he may compute only one solution at the
input times. An option also exists to compute the time of the first maneuver
in terms of an elevation angle to the target. The time of the second maneu-
ver may also be computed in terms of a target vehicle central angle of travel
from transfer initiation time to transfer completion time. These two options
are normally used for the terminal phase maneuvers, i.e., zero offsets.

The Corrctive Combination area of the Two-Impulse Unit is normally used to
obtain satisfactory co-elliptic conditions prior to terminal phase. This may
be used when launch dispersion or improper maneuver execution may cause
other rendezvous techniques some problems. There are two methods of
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obtaining the optimum corrective combination solution:

a. The first method requires a range of height differences to be in-
put. A range of times for the transfer completion maneuver are
also input, and the phase angle for each time is computed. For
each height difference the range of solutions are computed, and
the impulsive solution at each height difference that requires the
least amount of fuel expenditure is displayed.

b. The second method involves a series of solutions that also requires
a range of height differences at a transfer completion time. For
each height difference requested, a range of phase angles at trans-
fer completion time is used, and the optimum solution for each
height is displayed. This range of phase angles for each height
is computed from a time limit on each side of terminal phase ini-
tiation, with an input increment determining the number of solu-
tions attempted. A terminal phase slip time is computed for each
solution displayed.

Another display that is driven by this unit is the Single Solution Display.
The flight controller may view any one solution from either the multiple or
corrective combination table. This display contains components in external
AV coordinates, daylight-darkness information, and pitch and yaw angles so
that the window is along a given line of sight, and contains range, range rate
and azimuth approach data at requested times.

Should the flight controller desire to insert the solution into the MPT, a dir-
ect transfer option of a particular solution, either multiple or corrective
combination, is avialable by MED request.
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Figure 3. Two-Impulse Unit
Flowchart (Sheet 1 of 5)



RTCC APDLLD PROGRAMMING SYSTEMS

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

EORP
DATE 6 /19 /67
REV
PAGE 14 of 42

Figure 3. Two-Impulse Unit
Flowchart (Sheet 2 of 5)
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Figure 3. Two-Impulse Unit
Flowchart (Sheet 3 of 5)
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Figure 3. Two-Impulse Unit
Flowchart (Sheet 4 of 5)
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Figure 3. Two-Impulse Unit
Flowchart (Sheet 5 of 5)
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Load Module Descriptions — Described below are the load modules contained
in the Two-Impulse Unit.

PMSTICN — This load module contains both the control logic and math
computations necessary to generate either a multiple solution or a cor-
rective combination set, using Lambert's conic fit technique. It also
contains the logic necessary to build an elements table for a transfer of
any of the above solutions, and contains the logic to compute the two ma-
neuvers and related elements table to pass to the Docking Initiate (DKI)
program to achieve rendezvous from the point in the orbit passed from the
DKI (usually TPI point).

PMSTISS — This load module contains the logic and math computation to
build the single solution table for display purposes from either the mul-
tiple solution table or corrective combination table. This is determined
by the Manual Entry Device (MED) input.

PMDTIMP — The Display Load Module formats all necessary information
required on the Two-Impulse Multiple Solution Display.

PMDDTVCC — The Display Load Module formats all necessary information
required on the Two-Impulse Digitals Display.

PMDTISS — The Display Load Module formats all necessary information
required on the Two-Impulse Single Solution Display.
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Docking Initiate (DKI)/Co-elliptic Sequence (SPQ) Unit

The basic function of the DKI/SPQ unit is to compute midcourse impulsive ma-
neuvers for up to seven mission plans; the result of these maneuvers is the
rendezvous of the CSM and LM spacecraft.

The technique used to determine the necessary times and velocities for the
maneuvers is divided into two major areas of logic: (1) the docking initiate
(DKI) and (2) the co-elliptic sequence (SPQ). Each method is designed to put
the vehicles in a co-elliptic orbit so that a terminal phase maneuver (TPI) and
a terminal velocity match maneuver (TPF) may be performed to achieve the
actual rendezvous. In addition, the DKI/SPQ provides the data necessary for
the transfer of a particular plan to the Mission Plan Table (MPT).

Docking Initiate — The DKI attains a co-elliptic orbit by doing up to four ma-
euvers: (1) plane change, (2) phase, (3) height, and (4) a co-elliptic maneu-
ver that puts the chaser in a co-elliptic orbit with the target.

The rendezvous point for the DKI is defined for a specified maneuver counter
line crossing, with the possible constraints that 'rendezvous occur in daylight,
darkness, or at a longitude crossing. The rendezvous point dictates what
phase angle is needed at the co-elliptic maneuver point (NSR) for rendezvous
to occur. The NSR maneuver is always done, and always occurs at an apogee
end of an orbit.

The three other maneuvers are done to get the spacecraft to NSR with a
phase angle, height difference, and wedge angle so that subsequent maneuvers
will produce rendezvous. These maneuvers are also defined by a maneuver
counter line crossing (N ).

3.

The plane change maneuver point (NPC) is at a common node between two suc-
cessive counter line crossings, namely NPC + . 25, and NPC - .25. The
height maneuver point (NH) is performed at a perigee counter line value (i.e.
N + . 5). The phase maneuver can be done at either a perigee or apogee

a
counter line. The point depends upon the phase angle desired at NSR, and how
much phase must change to obtain the desired phase at NSR. To distinguish
the two phase possibilities, two modes are defined.

a. Upper (Mode 1) for phase at apogee (Cl) , and
b. Lower (Mode 2) for phase at perigee (CHI).
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The flight controller has the option to input the maneuver line number, delete
the maneuver, or have them scheduled automatically according to ground rules.
They may be for Mode 1 or Mode 2; but if Mode 1 fails to produce rendezvous
conditions, the program automatically shifts to a Mode 2 in an attempt to pro-
duce rendezvous. If this fails, the program terminates processing.

Upon computing a plan, sufficient information is saved so that the plan may be
transferred to the Mission Plan Table. Also the values are saved that will
be displayed on the rendezvous evaluation and rendezvous planning displays.

Co-elliptic Sequence — The Co-elliptic Sequence Program computes the incre-
mental velocities required to meet some relative vehicle positioning at the
terminal phase initiation (TPI) point. The maneuvers of the iterative sequence
are the concentric sequence intitiation maneuver (CSI), the co-elliptic maneu-
ver (CDH), and a plane change maneuver (PC) which may or may not be scheduled.

The desired relative positioning at TPI has two options: (1) that the active
vehicle have a certain elevation angle to the target, or (2) that a desired dif-
ferential altitude exist in the co-elliptic orbit configuration.

The time of the CSI maneuver, if scheduled, is input. The desired CSI AV
which will only be horizontal, may be computed with respect to a desired ele-
vation angle at TPI or a desired AH at CDH.

There are three options for the computation of the CDH maneuver:

a. Arrival at the apsis may be computed by using the Analytic Ephemeris
Generator (AEG),

b. It may be computed after some desired travel angle from CSI, or
c. It may be scheduled at an input time.

The CDH maneuver may be deleted if the CSI maneuver is also deleted.

The CSI and CDH maneuvers may be applied in-plane or parallel to the target
plane; if a plane change is scheduled, only the in-plane option is available.
A plane change may be scheduled for either .vehicle and before TPI. The
threshold time and subsequent common node to perform the PC are input, or
the threshold time may be designated as either the CSI. or CDH time. TPI
time may be input or computed as a time of target arrival at a desired sun-
lighting condition or at a desired earth longitude.
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An input flag allows the CSI phase angle to be defined in one of three ways:

a. As the phase angle having smallest absolute value (-TT to +TT),
b. As the positive phase angle (0 to 2n) or
c. As the negative phase angle (0 to -2TT).

The constraints checked by this program are in three classifications:

a. Resulting orbits should have minimum perigees,
b. A minimum time should exist between the maneuvers, and
c. The total AV expenditure should not exceed the AV remaining.

If desired, an option is available to recycle the iterator when a constraint vio-
lation occurs by redefining the CSI phase angle as the complement of the ori-
ginal value.
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Load Module Descriptions — The load modules described below are included
in the DKI/SPQ Unit.

PMMPHL. — The program computes the phase angle needed at the NSR
maneuver point to achieve rendezvous at a specified elapsed time into
daylite or darkness or to achieve rendezvous at a specified longitude
crossing.

PMMSCH — The program schedules input maneuver points according to
ground rules and sequences them in ascending order. If a phase maneu-
ver is scheduled, then the target vehicle liftoff delay time is computed.

PMMITL — The program computes impulsive maneuvers at specified ma-
euver lines. The maneuvers are computed by an iterative process to
converge on a specified phase, height, and co-planar relationships at the
circularization (NSR) point.

PMMSPQ — The program computes impulsive maneuvers for specified
CSI, CDH, PC, and TPI points. See the Unit Writeup for further des-
cription.

PMMMLC — This program computes and defines the chaser vehicle's
maneuver line, updates according to specified option, and returns the
chaser and target elements at specified time.

PMDRET — This program displays times, velocities, maneuver N 's,
3.

height of apogee and perigee, and phase and height difference for the ma-
neuvering vehicle.

PMDRPT — This program displays up to aeven DKI plans, indicating plan
modes, maneuvers

to evaluate a plan..

modes, maneuvers N 's, rendezvous m-lines, plus other quantities used
3,
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Maneuver Control Unit

The maneuver control unit is responsible for processing various inputs re-
lated to maneuver control and trajectory updates. The main function of this
unit is to control the generation and maintenance of the CSM and LM Mission
Plan Tables. The main types of processing related to this unit are as follows:

a. Maneuver generation and confirmation
b. Vector routing
c. Maneuver control maintenance
d. Maneuver control displays

Load Module Descriptions (Maneuver Generation and Confirmation) — The
Maneuver Generation and Confirmation Programs are responsible for defining
maneuvers in the appropriate Mission Plan Table and for integrating through
these periods of powered flight. A logical decision making module (PMMXFR)
receives and interprets MED information and routes data to the appropriate
maneuver processing modules. Initial finite burn computations for the direct
input of a future maneuver or for the confirmation of a history maneuver are
performed by PMMMCD. Initial finite burn computations for the transfer of
impulsive maneuvers as computed by rendezvous planning units are performed
by the impulsive maneuver transfer module PMMMPT. The integration through
these maneuvers is performed during the process of performing a trajectory
update by PMMRKJ. Maneuver execution and postburn data is then computed
for the Detailed Maneuver Table display by PMMDMT. The following is a
description of each of these load modules.

PMMXFR — The Maneuver Transfer Module solves the ground rules and
controls the processing necessary to place the following classes of man-
euvers into the MPT.

a. Contingency Insertion Maneuver
b. Perigee Adjust Maneuver
c. Direct Input Maneuver
d. General Purpose Maneuver
e. Two-Impulse Plan
f. OKI Plan
g. Co-elliptic Sequence Plan

It also solves the ground rules and controls the processing necessary to
confirm an executed maneuver which exists in the Mission Plan Table.
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The PMMMCD module has the capability to compute initial finite burn |
parameters necessary for the transfer of a Direct Input Maneuver or for
the confirmation of an executed maneuver. These parameters are also
computed by PMMMCD for the Contingency Insertion Maneuver or for a
perigee adjust maneuver as the result of a simulated direct input from
PMMXFR. I

The parameters defining the Contingency Insertion Maneuver are made
available by processing during the CSM launch phase. (No provision is
made for a L.M contingency insertion burn since this is not within the
capabilities of the hardware). Upon manual entry of the MED M01 indi-
cating that this maneuver is desired in the Mission Plan Table, PMMXFR
obtains the maneuver parameters along with the launch computed preburn
vector, and simulates a direct input to PMMMCD. The transfer of this
maneuver automatically deletes all other maneuvers from the Mission
Plan Table. The Contingency Insertion Maneuver will be performed using
the SPS thruster in the fixed inertial mode. Spacecraft attitudes at burn
initiate will be such that the initial thrust is in the orbital plane and in A
the direction of the earth's horizon. The computations necessary to de- "
fine the maneuver are performed by PMMMCD. An ephemeris anchored
on the preburn vector is then generated.

The maneuvers contained in the Perigee Adjust Maneuver Table are com-
puted assuming a fixed inertial thrust alignment. The alignment is de-
fined by aligning the spacecraft in a "heads down" orientation with the
spacecraft X-body axis aligned at the appropriate angle (presently 31.7
degrees) above the in-plane line of sight to the horizon. Maneuvers
transferred from this table to the CSM Mission Plan Table will assume
the same initial attitude and the same attitude control mode as the Perigee
Adjust Processor and will use the SPS thruster. The computations of the A
initial finite burn parameters are performed by PMMMCD. m

A future maneuver may be placed in the Mission Plan Table by manual input
of the parameters 'which describe the maneuver. PMMXFR sets up inputs to
the direct input maneuver program, PMMMCD, which performs the necessary
computations to describe the maneuver for the powered flight integrator. These4
inputs include the MED data, a vector prior to the maneuver, and maneuver con-"
trol indicators necessary for placing the maneuver in the Mission Plan Table.

Any maneuver in the Mission Plan Table that has a begin-burn time prior to
present time may be confirmed by manual input of MED M60. PMMXFR sets ^
up the inputs to the maneuver confirmation program, PMMMCD, which performs
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the necessary compuations to redefine the maneuver so that the
resultant trajectory is consistent with the input maneuver execution
parameters. These inputs include the MED data, the last anchor vector
prior to the maneuver and the control indicators necessary for placing
the maneuver in the Mission Plan Table.

The remaining future maneuver classes all require initial finite burn
computations by PMMMPT. PMMXFR recognizes the origin of the ma-
neuver^) and solves appropriate ground rules. Inputs to PMMMPT are
the same in all cases and are basically the orbital elements before and
after the maneuver at the impulsive maneuver time.

In all cases except maneuver confirmation, after the PMMMCD or
PMMMPT processing is completed, the anchor vector is routed to
PMSVCT to perform a trajectory update. For maneuver confirmation,
after the PMMMCD processing is completed, the anchor vector is routed
to Task GTMSCTRLi to be moved to present time and is then routed to
PMSVCT to perform a trajectory update.

PMMMCD — The Maneuver Confirmation and Direct Input Load Module is
responsible for the direct input of a future maneuver and for the confirma-
tion of a history (executed) maneuver. In both cases, the primary con-
cern is the computation of finite burn parameters for the specified man-
euver. These parameters are used as inputs to the maneuver integrator.
In the case of direct input, a new future maneuver is built based upon the
input data and transferred into the appropriate Mission Plan Table. In
the case of a confirmation, certain quantities for a specified past maneuver
are changed based upon the input data so that this past maneuver and the
resultant orbit are consistent with the actual execution of the maneuver by
the spacecraft.

A maneuver can be performed with the following thrusters:

a. CSM or LM RCS ± X (2 or 4 thrusters firing)
b. CSM SPS
c. LM DPS
d. LM APS

in any of the following attitude control modes:

a. Fixed inertial
b. Primary external AV
c. Manual holding body orientation invariant

Also an S-IVB blowdown vent maneuver can be performed using the fixed
inertial attitude mode.
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A CSM or LM maneuver can be a single vehicle maneuver, a docking
maneuver, an undocking maneuver, or a docked maneuver. (If the
CSM and the LM are docked, the maneuver may be placed in either
the CSM or LM Mission Plan Table or both). An S-IVB blowdown
vent maneuver must be a docked maneuver. The basic inputs for a
direct input or confirmation are the following:

a. Thruster and attitude control mode indicators.
b. Ignition time of specified thruster.
c. The AV magnitude,or the AV along the X-body axis,or the At, or the

external AV vector,or in the case of a confirmation, the maneuver
AV residuals which have been read by an astronaut.

d. The pitch, yaw, and roll in the LVLH (Local Vertical, Local Hori-
zontal) System or in the IMU (Inertial Measuring Unit) System.
(The attitudes do not have to be specified if the mode of the maneuver
is primary external AV. ).

e. The At of ullage and number of RCS thrusters used for ullage (speci-
fied only for SPS, DPS, or APS thruster).

f. A reference matrix indicator.
g. Vehicle heads-up/heads-down indicator.

h. The At of 10% thrust level for DPS thruster .
i. The trim angle indicator for SPS or DPS thruster.

In both cases, control is given to PMMMCD from PMMXFR. When pro-
cessing has been completed, control is returned to PMMXFR. In the
case of a direct input, control is then relinquished to PMSVCT, and a
trajectory update is performed. In the case of a confirmation, a queue
is sent to GMSCTRL (Task GTMSCTRL), which moves the history vector
up to present time and sends a queue to PMSVCT. A trajectory update
is then performed.

PMMMPT — The Mission Plan Table Impulsive Maneuver Load Module
is responsible for the transfer of an impulsive maneuver into the appro-
priate Mission Plan Table. The maneuver is generated by one of the fol-
lowing sources:

a. General Purpose Maneuver Program
b. Two-Impulse Program
c. DKI Program
d. Co-elliptic Sequence Program
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This program takes osculating orbital elements before and after an im-
pulsive maneuver and computes the finite burn parameters necessary as
inputs to the powered flight numerical integration program. A maneuver
can be performed with the following thrusters:

a. CSM or LM RCS ±X (2 or 4 thrusters firing)
b. CSM SPS
c. LM DPS
d. LM APS

in any of the following attitudes control modes:

a. Fixed inertia!
b. Primary external AV
c. Manual holding body orientation invariant.

The basic input parameters are the following:

a. Osculating orbital elements before and after the impulsive maneuver
with both sets of elements given at the impulsive maneuver time.

b. Thruster and attitude control mode indicators.
c. At of ullage and number of ullage thrusters to be used (applicable

only for SPS, DPS, or APS thrusters).
d. Vehicle heads up/heads down indicator.
e. At of 10% thrust level for DPS thruster.
f. Thruster trim angle indicator.

Maneuvers transferred to the Mission Plan Table by this program may be
single vehicle or docked maneuvers; however, no change in the vehicle
configuration is allowed.

PMMRKJ — The CSM/LM Powered Flight Integrator Load Module is a pro-
gram designed to numerically integrate through periods of powered flight
and short spans of free flight. The types of maneuvers available are
(1) inertial, (2) manual holding body attitude invariant in inertial space,
and (3) primary external AV.

These maneuvers can be performed using the following thrusters:

a. CSM RCS ± X (2 or 4 thrusters)
b. LM RCS ± X (2 of 4 thrusters)
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c. CSM SPS
d. LM APS
e. LM DPS
f . S-IVB blowdown vent

For maneuvers using multiphase thrusters (SPS, APS, DPS), two or four
RCS thrusters for ullage may be specified. A fourth order Runge-Kutta,
Nystrom technique is used to generate the following:

a. An ephemeris table of position and velocity vectors.
b. An auxiliary output table containing critical values at burn initiate

and burnout*
c. A table of weights.

PMMDMT — The Detailed Maneuver Table Load Module is responsible
for (1) maintenance of the areas and weights after the maneuver; (2) for
storing integrator output in the appropriate Mission Plan Table; (3) for
the computation of quantities based on the position and velocity vector at
ignition; (4) for post-burn calculations which describe the post-maneu-
ver orbit; and (5) for post-maneuver rendezvous related target-chaser
quantities at maneuver burnout (height differential, central angle difference
and difference in orbit planes). The results are stored in the appro-
priate Mission Plan Table and are available for display. A restart vec-
tor is printed on-line at the end of a trajectory update from the burnout
vectors of the first future maneuver.

Load Module Descriptions (Vector Routing ) — The primary functions of the
Vector Routing processing is to select vectors from the current vehicle ephem-
eris for the purpose of performing an ephemeris update and to initiate trajec-
tory updates as the result of the selection of new vehicle anchor vectors.

PMSVCT — The Vector Routing Load Module will be entered as the re-
sult of various maneuver control functions which result in a change in the
Mission Plan Table data that affects the generation of the current CSM or
LM ephemeris.

These functions include the following:

a. The insertion, deletion, or change of a future MPT maneuver.
b. The change of the current orbit density multiplier (K-factor).
c. The change of a vehicle weight or cross-sectional area.
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In addition, PMSVCT will be entered to perform an "ephemeris extension"
when the length of the future ephemeris fails to meet the requirement as
specified in TR165. Since these functions do not affect the anchor vec-
tor for the ephemeris, a "present position" vector based upon the cur-
rent anchor vector is selected from the vehicle ephemeris. This "present
position" vector will.be the latter of (1) the burnout vector of the last
executed maneuver, or (2) the first free-flight three-minute vector prior
to present time.

New anchor vectors for an ephemeris update may originate from various
sources. CSM and LM launch programs compute and route insertion
vectors when the launch-to-orbit transition is made. Rendezvous planning
programs compute and route a nominal insertion vector during LM p r e_
launch. CSM and LM orbit-^correction programs provide anchor vec-
tors based on high and low-speed radar collection and high and low-speed
telemetry. An anchor vector may be re-routed for trajectory update as a
result of a maneuver confirmation. Restart vectors for the CSM and
LM may be manually entered for the purpose of a type "C" restart.

A manual insertion of a nominal insertion vector may be entered during
prelaunch. Prior to being routed to PMSVCT, each of thes; vectors,
except nominal insertion vectors, will be integrated to present time
reflecting all maneuvers in that time span. This present position
vector will then be routed to EMSTRAJ to complete the trajectory update.

Load Module Descriptions (Maneuver Control Maintenance) — The Maneuver
Control Maintenance Programs are responsible for the general upkeep of the
CSM and LM Mission Plan Tables. They set indicators and change data as
the result of an internal real time queue or a MED request. These modules
are also required to logically solve given sets of ground rules as a part of
their task.

PMMFUD — The Freeze/Unfreeze/Delete Load Module solves the ground
rules associated with freezing, unfreezing, or deleting maneuvers in the
CSM or L M Mission Plan Table. It identifies the maneuvers as being
frozen or unfrozen and maintains the Mission Plan Table when deleting
executed or non-executed maneuvers. The deletion of executed maneu-
vers will not cause a trajectory update. The deletion of a non-executed
maneuver will result in a trajectory update being performed as a result
of relinquishing control to PMSVCT.
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PMSEXE — The Maneuver Execution Load Module performs various ma-
neuver control functions related to the execution of maneuvers in the CSM
or LM Mission Plan Table. When present time reaches the begin time
of a maneuver, a queue is passed to PMSEXE to print on-line the burn-
out vector for the maneuver along with the corresponding weight of the

. vehicle. Flags are set in the MPT to indicate that the maneuver has
been executed. A queue is sent to the Supervisor providing it with
the time of the next maneuver execution queue. The MPT and DMT dis-

f.• . • plays are updated as a. result of releasing control to GTISPLAY, a
display task.

PMMWTC — The Weight Change Module performs the function of
changing the CSM, LM or S-IVB vehicle area and weight in the CSM
or LM MPT. An input of a new vehicle area or weight and time to be
applied will result in those values being stored as the single vehicle area
and weight at the end of the last maneuver prior to the given time. Those
values will then be used to compute a new vehicle configuration area and
weight at the end of the maneuver. This program also accepts manual
inputs of orbit density multiplier (K-factor) for the CSM or LM and
accepts the. manual input of the initial vehicle configuration for the CSM
or LM ephemeris. Any entry to this program will result in a queue to
PMSVCT to perform a trajectory update.

Load Module Descriptions (Maneuver Control Displays ) — The Maneuver
Control Display Programs present summary and detail-maneuver related
quantities and post-maneuver quantities to the flight controllers. These dis-
plays are automatically updated as a result of a maneuver execution, a history
maneuver deletion, a maneuver being frozen or unfrozen, or a trajectory
update.

PMDMPT — The Mission Plan Table Display Module formats maneuver-
related quantities from the CSM and LM Mission Plan Tables and causes
the information to be put to the D/TV system.

PMDDMT — The Detailed Maneuver Table Display Module provides de-
tailed maneuver information for any specified maneuver in either the CSM
or L M Mission Plan Table. The basic quantities displayed are finite
burn parameters, post-maneuver trajectory parameters, vehicle weights
before and after the maneuver, target parameters (applicable to guided
maneuvers only), and some rendezvous parameters.
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All displayed quantities except the vehicle IMU attitude quantities are
picked up from the appropriate MPT block by PMDDMT. The display
request MED specifies the required REFSMAT for IMU attitude com-
putation. If the desired (DES) REFSMAT is designated, an indicator
must be input specifying whether a heads up or heads down platform
orientation is desired. The vehicle IMU attitudes for the specified
REFSMAT are computed by PMDDMT.
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Figure 6. Maneuver Control Unit
Flowchart (Sheet 1 of 1)
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Figure 7. Maneuver Control Unit
Flowchart (Sheet 1 of 1)
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Figure 8. Maneuver Control Unit
Flowchart (Sheet 1 of 1)
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Figure 9. Maneuver Control Unit
Flowchart (Sheet 1 of 1)
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Figure 10. Maneuver Control Unit
Flowchart (Sheet 1 of 1)
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EORP

MISSION PLANNING UTILITY PROGRAMS

Load Module Descriptions — The Mission Planning Utility Programs include
the load modules described below.

PMMAEG — The Earth Satellite Analytic Ephemeris Generator Load
Module (AEG) can be separated into four logical units. The units are
(1) initialization of a set of Keplerian elements, (2) updating of the
elements, (3) initialization and updating of elements, and (4) processing
of multiple blocks. Each of these logical units are discussed in more
detail below.

a. Initialization of Elements — To initialize elements the AEG will
compute the osculating and mean elements, the rates, argument
of latitude, radius magnitude, and true anomaly based on a set of
input osculating elements at a given time.

b. Updating of Elements — To update elements, the AEG must have a
set .of the initialized elements described above. The AEG can up-
date a set of these elements by six different methods. The methods
are (1) time, (2) mean anomaly, (3) argument of latitude, (4) ma-
neuver counter line, (5) time match, and (6) position match.
Each of these methods are discussed in more detail below.

(1) Time — Update the initialize input elements to an input time.
(2) Mean Anomaly — Update the initialize input elements to the

input mean anomaly in the orbit AN orbits from the input ele-
ments.

(3) Argument of Latitude — Update to the input argument of lati-
tude in the orbit AN orbits from the input elements.

(4) Maneuver Counter Line — Update to a maneuver counter line
which is AN counter lines from the reference counter line.

(5) Time Match — Update the input elements to the time associated
with output elements of the previous block processed. The
AEG also computes the phase angle for output.-

(6) Position Match — The AEG can update to position match in
two different ways. They are (1) update the input elements to
position match with the previous block processed by going
backward, and (2) update the input elements to position match
with the previous block processed by going forward if the phase

angle at time match is greater than 180 , or by going backward
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if the phase angle at time match is less than 180 . The AEG
also returns the time lag, height difference, and phase angle
as output at time match. When updating the input elements,
the AEG has the option to update with or without drag depend-
ing upon the input.

c. Initialization and Updating of Elements — Depending upon the input,
the AEG can take a set of input osculating elements and initialize
the elements (described above in A) and then update the initialize
elements (described in B above) with one entry.

d. Processing of Multiple Blocks — The AEG can process multiple
number of input blocks. When updating to a time or position match,
multiple block processing must be used as a previous block must
have been processed to use this update option.

PMSVEC — Given either one or two vector times, and a vehicle code for
the first or only time, the Rendezvous Planning Vector Fetch Load Module
fetches a vector from the corresponding vehicle ephemeris, if available,
thus satisfying all cirteria concerning maneuvers in the Mission Plan
Table (MPT). The logic then converts the vector to Keplerian elements,
and passes these elements, the corresponding time, and the area, weight,
and K-factor at that time to the requesting program in a format suitable
for use with the Analytic Ephemeris Generator (AEG) Program. If two
vector times are requested, two AEG blocks are passed, one for each
vehicle involved in the mission. The station ID used to build the current
ephemeris is also made avialable to the user.

At the time of the writing, the General Purpose Maneuver (GPM), Perigee
Adjust, Two-Impulse, and Maneuver Line. Definition programs were using
utility program.

PMMDAN — Given a set of satellite elements (AEG format), the Day/
Night Load Module Program will utilize the AEG to determine the time and
nature of the next one or two environmental changes. The routine will
use a sun vector at the input time. The sun's rays are considered to be
parallel, and no attention is given to reflection, diffusion or semidiameter
of parallax. For the purpose of this program these factors do not intro-
duce significant error.

PMXSPT — The Mission Planning Print Module prints all on-line mes-
sages related to Mission Planning.
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PMQMED — The Mission Planning MED Decoder Load Module checks the
validity of all MED's related to Mission Planning and sets up the data
to be routed to the appropriate task.

Subroutine Descriptions — The subroutines described below are included in
the Mission Planning Utility Programs.

PIEXDV — The Primary External AV Coordinate Transformation Subroutine
basically performs a special coordinate transformation or^ an input velocity
increment vector AV". If the input AV is in the external AV uplink coordinate
system the transformed AVis in the RTCC inertial coordinate system. If the input
AV is in the RTCC inertial coordinate system, the transformed AV is in the
external AV uplink coordinate system. The program is consistent with the
on-board capabilities for the first earth-orbit rendezvous mission as pre-

' sented in the MIT CSM and LM R547 documents dated October, 1966. The
subroutine is designed for the CSM GNCS and LM PGNCS external AV
guidance and cannot be used for LM ACS external AV computations.

GIMIKC — The Inertial to Keplerian Element Conversion Subroutine con-
verts position and velocity vectors in the RTCC inertial coordinate system
to Keplerian orbital elements. The program can be used for elliptic and
circular orbits and cannot be used for parabolic or hyperbolic orbits.

GIMKIC — The Keplerian to Inertial Element Conversion Subroutine con-
verts Keplerian orbital elements to position and velocity vectors in the
RTCC inertial coordinate system. The program can be used for elliptic
and circular orbits and cannot be used for parabolic or hyperbolic orbits.

PIDREF — The Orbit Desired REFSMAT Computation Subroutine com-
putes the orbit phase desired IMU stable member alignment REFSMAT for
the CSM or L M. There is an option for either a heads up or a heads
down IMU stable member orientation.

PIDVRS — The Maneuver Confirmation AV Residual Subroutine is designed
to allow confirmation of an executed CSM or LM maneuver when the ma-
neuver AV residuals in the vehicle RCS control axes are known. The in-
puts are the AV residuals, the IMU attitude angles at the time
of the reading of the residuals, the applicable REFSMAT, the original
maneuver AV, and a vehicle indicator. The actual maneuver velocity
increments 5V is computed and can be used by other programs to con-

J\.

firm the executed maneuver.
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GIMGBL — NASA will provide tables for the Thruster Gimbal Angle
Computation Subroutine which give the vehicle center of gravity loca-
tion as a function of vehicle weight for each of the following vehicles:

a. GSM
b. LM \
c. LM with Ascent and Descent Propulsion Systems attached
b. L.M with Ascent Propulsion System attached A

The capability will exist to update each of these tables in real time. The
Thruster Gimbal Angle Computation Subroutine will use these tables and
the input vehicle configuration code, docking angle, and thruster indicator
to compute the center of gravity for the specified configuration and the.
thruster gimbal angles necessary to align the thrust vector through the
center of gravity.

\
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1. PMMCMU

a.
b.
c.
d.
e.
f.

g-
h.

J -
k.

Symbol — PMMCMU
Program Name. — Current Matrix Update
Programming Group — Mission Planning
Programmer (s) — R. J. Taylor
Language — Assembler
Data Tables Used — PZMPTCSM
MED's Used — None
Writeup Completion Date — 11/23/66
Parameter List —
System Parameters — Table PMMCMU-2.
Flowchart — Figure PMMCMU-1.

FUNCTION

When definition is desired of new unit vectors for the platform axes, this
load module places the new matrix in the Mission Plan Table for all maneuvers
after the time of the new definition. New values for pitch, yaw, roll, and the
velocity vector are computed for those maneuvers.

USAGE

a. Calling Sequence — LINK EP = PMMCMU, PARAM = (VEH)
b. Inputs — PZMPTCSM, Vehicle Code
c. Outputs and Exit — Updated PZMPTCSM, return
d. Other Programs Used — EIGMTX, GLMDPD, GLMXPD, GLQATN,

PMDDMT, PMXSPT
e. Data Restrictions and Limits — None
f. Error — If no matrix is returned from EIGMTX, an on-line message

"No matrix available" is printed and the program exits.

METHOD

The subroutine EIGMTX is used to obtain the current matrix, time of the
matrix, and its ID. All maneuvers at or past the matrix time are updated by
storing the new definition and its ID, and by using the values of pitch, yaw, roll,
and the velocity vector to find the new numbers for those quantities.
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A
Xp = unit vector in

A
Yp = unit vector in

A
Zp = unit vector in

direction of

direction of

direction of

platform X-axis

platform Y-axis

platform Z-axis

Vg = velocity vector in platform coordinate system

P = pitch \

Y

R

The

A
X

= yaw

= roll

above values are from a maneuver block in the Mission Plan Table.

= unit vector in
P

A
Y = unit vector in

P
A
Z = unit vector in

P

A
X

A
Y

A
Z

Y

If Y

1 0
n

direction of

direction of

direction of

X-axis

Y-axis new platform

Z-axis 1

A
0 cosYj sinY 0 cos P 0 -sinP Xp

= 0 c o s R , s i n R , -sinY, cosY, 0 0 1 0 Y p ,
n *• i 1

0 -sin R, cos R, 0
nJ 1_ L Jd L.

-i A * ^
= sin X • Y\ n py

^ TT/2 or 3rr/2:

P = tan"

R = tan"

I

A A
-X - Z

n p
A A
X • X

n p_

A A
-Z • Y

n p
A A
Y • Y

n p

0 1 sinPj^ 0 cos Pj Xp

0 s Y < n /2 , 3n/2 < Y < 2rr
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Otherwise:

P = tan
-1

A
Z

n

A A
Z • Z

P

R = 0.0

Then:

V = AV • X

= AV • Y

V = AV • Z

A V = V X + V Y + V

The values for P, Y, R, V , V , and V are placed in the maneuver
gx gy

block, and the same sequence is used for the remaining maneuvers.
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Figure PMMCMU _ 1.
(Sheet 1 of 4)
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(Sheet 3 of 4)
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EORP LOAD MODULE CROSS-REFERENCE

Listed below are the load modules that are included in the Earth Orbital
Rendezvous Package (EORP). Those load modules followed by a mission
number in parentheses have been documented for that mission and that
version applies to EORP. Writeups for these load modules will not be
republished. All other load modules have'been published for EORP.

Program

BMDCSM (206)
HMD HAP
BMDLSDS (205)
BMDLSSU
BMDMVMP
BMDRLS
BMDVEC
BMDVPS
BMGCHAIN (206)
BMGHSPR
BMGPRIME (205)
BMGSTA (206)
BMMCNV (206)
BMMELL (206)
BMMFED (206)
BMMIDG (205)
BMMLPH (206)
BMMMAN (206)
BMMMDP
BMMNFM (205)
BMMPRG (205)
BMMSEL (205)
BMMTPE
BMPRAW (205)
BMQCBAND
BMQDCMED (205)
BMQ HIGHS
BMQHIGH1
BMQLSINP (206)
BMQLSMED (206)
BMSANM (206)
BMSHSDS
BMSINIT
BMSINT (206)
BMSMED

Book

Trajectory Determination
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Program

B MS FBI
BMSPCL
BMSPDR
BMSPMI
BMSPNM (206)
BMSPPP (205)
BMSRNM (206)
BMSVEC
BMSVPS
BMTEST
CMDAXTDV
CMDCMNAV
CMDERMEM
CMDGMTLU
CMDLIFTF
CMDLXTDV
CMDPTBKU
CMDPTPCP
CMDPTPRI
CMDRFMAT
CMDRXTDV
CMDSEQIN (205)
CMDSVGEN
CMDSVNAV
CMDSWSEL (205)
CMDSWSLT (205)
CMDTMBSE (205)
CMDTMEIN
CMMAXTDV
CMMCMNAV
CMMERMEM
CMMGMTLU
CMMLIFTF
CMMLMNAV
CMMLXTDV
CMMPTBKU
CMMPTPRI
CMMRFMAT
CMMRXTDV
CMMSEQIN (205)
CMMSKENT

Book

Trajectory Determination

Digital Command System
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EORP LOAD MODULE CROSS-REFERENCE
(Continued)

Program

CMMSVGEN
CMMSWSEL (205)
CMMTMBSE (205)
CMMTMEIN
CMRMEDIN
CMSDCSXT
CMSDTVLU
CMSEQNUM
CMSPBIDC (205)
CMSTATUS (205)
CMSWITCH
EMDASCND
EMDCHECK
EMDEXSIT
EMDGAGSN
EMDGLMST
EMDGSSTB
EMDGSUPP
EMDGTDGL
EMDPSAD (206)
EMDSSMMD
EMDSTAC
EMDXDDRR (206)
EMGPRINT
EMGTVMED (206)
EMGVECST
EMGXVTRA
EMMASCND
EMMDYNEL (206)
EMMDYNMC
EMMEACC (206)
EMMEXSIT
EMMGLCVP
EMMGLSTM
EMMGLSXT
EMMGSSMP
EMMGSSXT
EMMJCLNI
EMMJEWST (206)
EMMRMD
EMMVEN (206)

Book

Digital Command System

Orbit Trajectory Computations
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EORP LOAD MODULE CROSS-REFERENCE
(Continued)

Program

EMMVRTTY
EMRTRAJ
EMSGSUPP
EMSJMSNI
EMSJUPNI
EMSLSUPP
EMSTAGEN (206)
EMSTAG2 (206)
EMSTRAJ
EMXJMATX
GMDTVGID (206)
GMGCARD
GMGDMED
GMGMED
GMGPMED
GMLCSLQD
GMLGSTCH
GMLRESRT
GMMCBND
GMMDUD
GMMGRP
GMMSBND
GMMYNI
GMPREINT
GMSCTRL
GMSDELQG
GMSDETPH
GMSDISP
GMSFILL
GMSINT
GMSMDDD
GMSMED
GMSNAP
CMS PHASE
CMS PR INT
GMSREMED
GMSSACQ
GMSTIME (205)
GMSWAQ

Book

Orbit Trajectory Computations

Systems Integration

Orbit Trajectory Computations
Orbit Trajectory Computations
Reentry Computations
Orbit Trajectory Computations
Reentry Computations
Systems Integration
Orbit Trajectory Computations
Systems Integration
Systems Integration
Systems Integration
Systems Integration
Systems Integration
Systems Integration
Systems Integration
Orbit Trajectory Computations
Systems Integration
Systems Integration
Systems Integration
Orbit Trajectory Computations
Orbit Trajectory Computations
Systems Integration
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EORP LOAD MODULE CROSS-REFERENCE
(Continued)

Program

GMSWITCH
GMTLMTRJ
GMXERRER
LMGHINIT
LMGINITZ
LMMAPPDS (206)
LMMRKNI
LMMRKNII
LMQAGCTM
LMQIPRRD (206)
LMQIPSMD (206)
LMQLGCTM
LMQUSBLR
LMRKNI
LMRMANU1
LMRMANU2
LMRMANU3
LMRMANU4
LMRMANU5
LMRMANU6
LMRMANU7
LMSACTRL (206)
LMSBSUPR
LMSNCTRL (205)
LMSHLDPH .
LMSSUPER
LMXAINIT (206)
LMXANDTV (206)
LMXDDD
LMXDDD5 (206)
LMXDTV
LMXGNGPR
LMXHSDTV (206)
LMXINITL
LMX PHASE
LMXPHRT
LMXPPB
LMXPPBI
LMXPRNTR (206)
LMXQLGIC
LMXSPSPR

Book

Systems Integration
Orbit Trajectory Computations
Orbit Trajectory Computations
Launch/High-Speed Abort

Digital Command System
Launch/High-Speed Abort
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Program

LMXTVGEN
LMXZSHEL
PMDDMT
PMDDTVCC
PMDGPM (206)
PMDMPT (206)
PMDPAD
PMDRET
PMDRPT
PMDTAR
PMDTIMP
PMDTIPSS
PMMDAN
PMMDMT
PMMFSET
PMMFUD (206)
PMMGPM (206)
PMMMCD
PMMMLC
PMMMPT
PMMPAD
PMMPAR
PMMPHL
PMMPNE
PMMRKJ
PMMSCH (205)
PMMSPQ
PMMTISS
PMMUDT
PMMWTC
PMMXFR
PMQMED (206)
PMSEXE (206)
PMSTICN
PMSVCT
PMSVEC
PMXSPT (206)
PMXTAR
RMDABRT
RMDATVR
RMDDBMP
RMDDPSA

Book

Launch/High-Speed Abort
Launch/High-Speed Abort
Mission Planning

I

Reentry Computations
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EORP LOAD MODULE CROSS-REFERENCE
(Continued)

Program

RMDEIED
RMDGEDD
RMDRBT
R MOREAD
RMDREC
RMDRET
RMDRTSD
RMDRTSEP
RMDRXDV
RMDTADD
RMDTARG
RMGEPH
RMGMSG
RMGSCP
RMGTTF
R MM BAR
RMMBGC
RMMDBF
RMMDBM
RMMDBN
RMMSAG
RMMUDAT
RMMXDV
RMRRMED
RMSDBMP
RMSDEAD
RMSPECT
RMSSCS
RMSTTF
RMVKTR
TAGPDUMP
TMCDDDLD
TMCENTRF
TMCLDTAB
TMCRESET
TMCXMCSM
TMCXMSIU
TMDSPREQ
TMLEMCMP
TMLGCCMP
TMLRESET
TMQLSDCD

Book

Reentry Computations

Telemetry
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EORP LOAD MODULE CROSS-REFERENCE
(Continued)

Program

TMQTMED
TMSDCNSL
TMSHSAGC
TMSHSAGS
TMSHSAMD
TMSHSCSM
TMSHSLEM
TMSHSLGC
TMSHSSIB
TMSHSSIU
TMSMEKIN
TMSTATUS
TMSUPERl
TMSUPER2
TMTVDBUG
TMXGDCTL
TMXLSREB
TMXPAPER
TMXSYSPL

Book

Telemetry

J
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GIMAPD
APOGEE-PERIGEE DETERMINATION SUBROUTINE

REFERENCES

1. Programming Group — Rendezvous Planning
2. Programmer — M. Jones, J. Steed, R. ' Gayle
3. Language — H Level FORTRAN

• :. 4. Writeup Completion Date — 1/15/68
.. , 5. Data Tables Used — None

.' 6. MED's Used — None
7. Flowchart — Figure 1

FUNCTION

Given a set of input elements, GIMAPD will determine the upcoming apogee and/ or
perigee information; ,

USAGE J V

1. Calling Seque'nce — CALL GIMAPD with a labeled common, i.e.,
COMMON/GIM.AIO/Z(60), A(5), P(5), XLO, KAOP, KE. .

2. Inputs — AEG input elements in Z ( l ) through Z(27), \o, and an option
indicator.

Z - A set of AEG elements are input in Z( l ) - Z(27). If they are initialized,
they should' be exactly as output by the AEG. If they are not initialized,
the following cells should be set. (Note KZ s?Z. )

Z(8) = Osculating a (CUL)
Z(9) = Osculating e
Z{10) = Osculating i (rad. )
Z ( l l ) = Osculating 1 (rad. )
Z(12) = Osculating g (rad.)
Z(13) = Osculating h (rad.)
Z(20) = T - time of the above elements (fit. pt. hr. )

Z(24) = Same as Z(20)
K Z ( 2 ) = 0
KZ(4) = As desired (usually non-zero)
Z(2) = As desired (usually non-zero)

Approval Approval
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Z(3) = Area (ft.2)
Z(4) = Weight (Ibs.)
KZ(3) = 0 (Not necessary for GIMAPD, but .a good practice to follow.)

KAOP indicates information .desired:

= -1 Perigee information only
= 0 Perigee and apogee information ^
= +1 Apogee information only I
XLO \ Q (inertial longitude of'Greenwich at T -= 0) radians 0 £ \ Q <2ff

3. Outputs and Exit —-Apogee information is in A(L) (through-A.(5), perigee
information is in P(l) through P,(5) .and an .error indicator .KE.

Z(60).:

If .KAOP = -1, the AEG elements at perigee -<will be inZ(.l) - .Z(27)..

If KAOP = 0, the AEG elements at apogee willlbein /Z(.l') - Z(27), .and the
AEG elements at perigee will be in .Z(2'8) - Z(54).

If KAOP = +.1, the AEG '.elements 'at apogee will 'be in :Z(.l) - _Z(2.7). A

In all cases, the elements will be initialized. However, JK"Z(3) -may .be left
non-zero.

.KE <0 An AEG processing-error :has occurred if GIMAPD returns to
the calling program with .a negative :result.

KE-= 0 GIMAPD has evaluated .the request. This I.s the :nor,mal final
return.

A(5.) contains apogee Information :as outlined below

A(l) -= T^p - Time of apogee crossing (fit. pt. .hr. ),

A(2) -= :TAP - Radius .magnitude at apogee .(CUU),

A(3) = cp ' A.p — Geocentric .latitude of <apogee

(radians; -77/2 ̂  cp ..„ ^ '.IT/ 2),

A(4) = :\Ap -Earth-fixed longitude of apogee at T.A.p .(rad).,

A(5) = h A -p -Height of apogee above an oblate earth (CUL).

P(5) contains perigee information as outlined for apogee.
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The following are constants:

TWOPI - 2 IT

PI
PI2

C2

C3

C4

- 7T

- 77/2

- (A2

- A(<

- u> ^

(A2 - B2)/B2 B = polar radius of the Earth.

-A (CUL) Equatorial radius of the Earth.

(rad. /hr. ) Earth rotation rate.

These are geophysical constants and do not concern the calling program.

4. Other Programs Used — PMMAEG - Analytical Ephemeris Generator.
5. Data Restrictions and Limits — Input AEG elements should be acceptable

for the AEG to process. GIMAPD will use the full 60-word array that is
is input.

6. Error — KE, the AEG error return will be set negative when an AEG
processing error occurs.

7. Other — All inputs are doubleword floating point except KAOP and KE,
which are half-word fixed point integers.

METHOD

The program formulation is basically divided into two parts, high e and low e. The
dividing point presently is i

e <.005

e ^.005

low e

high e.

The same dividing point is currently used by the AEG. However, if the input
elements are initialized, we use the AEG cell that indicates that the elements
were initialized high e or low e. This is desirable because the osculating e may
be initialized £-.005, but in the course of updating, the value becomes less
than . 005 (or vice versa).

In the high e case, apogee and perigee information is obtained by using the AEG
option to advance to a given mean anomaly (1). Apogee is at 1 = 77 and-perigee-is
at 1 = 0.

The low e case is considerably more complicated. The problem arises because
neither 1 nor the argument of perigee (g) remains well defined. However, the
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argument of latitude remains well defined for both low e and high e cases (as
long, as we are not in an equatorial orbit). The method used for low e is to write
the radius magnitude (r) as a function of u, using a sine wave approximation (MSC A
Internal Note No. 64-FM-58). \

(1) r = r0 + Xr sin (u - uo)

where

r = mean radius of the orbito
u = u corresponding to r-

X = amplitude of sine wave.

Since there are three, unknowns, three positions in the orbit must be obtained. We
use the AEG to obtain (u , r. ), (u ,. r ), (u.,, r_) at 15-minute intervals.. Thus, by

i. J. . L* L* -J J

solving the 3 simultaneous equations we can obtain

r
. sin Ui - sin u^ - v(sin u.j - sin u,)

(2) u = tan
o I Y(COS u-, - cos uj - cos U2. + cos u,

u ^0 where Y= (r, -r ) / ( r - - r _ ) .
o , 1 c. 1. 5

An analysis of (1) would eventually yield

u = u + 7T/2
x o

u = u - IT/2.
Y o

In these equations, u and u are the arguments of latitude of apogee and perigee

(not necessarily respectively).

We could then advance the AEG to u and u and pick up r and r . A comparison
x y x y

of r and r would differentiate apogee and perigee (obviously perigee being the
* y A

smaller of the two). •

It should be noted that a little special logic is necessary to handle r = r .

Once we have the elements at apogee and perigee, we obtain the other desired
quantities by the following means:
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- n/2 TT/2

. -1 /sin u. ,.. cos i
A = tan I AP AP

cos u
AP

0 ^ A < 2TT

= <"AP "

APOB

, A 2 - B 2 ' 2 .
+ —2 Sm * AP

(The values of A, B, coe, & Xo are defined under "Outputs and Exit'I.)

The same equations are also used on the elements at perigee.
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a. Symbol — GIMIKC
b. Program Name — Inertial to Keplerian Conversion Subroutine
c. Programming Group — Mission Planning
d. Programmer — L. Janes
e. Language — Assembler
f. Data Tables Used — None
g. MED's Used — None
h. Write-up Completion Date — 9/15/66
i. Flowchart — Figure GIMIKC-1

FUNCTION' ' •

GIMIKC converts the inertial R and V vectors to Keplerian elements
(A,E, l . t , g, h).

USAGE

,, a. Calling Sequence — CALL GIMIKC^ (RV,_KEP, SQRTMU)
b. Inputs — RV — 6 double words of R and V components.

SQRTMU — 1 double word — VTT
Note: SQRTMU may be within the calling program, or it

may be a system parameter.
c. Outputs and Exit — Output — KEP — 6 double words of Keplerian

elements. Exit via RETURN.
d. Other Programs Used — DSQRT, DARCOS, GLQATN
e. Data Restrictions and Limits — Elliptic orbits only
f. Error — None _ _
g. Other — Since the calling program provide s v j a , R and V may be

in any units if R, V, and M. are consistent. (A and R will have the
same units. )

METHOD

V = V/VP~

H = Rx V

R and V nowform a "canonical" set

R = |R|, v = |v|

Approval Approval
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METHOD

Solve M EA - E*Sin EA
for EA using Newton's method of successive approximations.
(E = eccentricity, EA = eccentric anomaly, M '-J(- mean
anomaly. ) . _ - . ' . .

The X" - Y." coordinate system is in the plane of the orbit .with X"
directed toward pericenter:

R " = A (Cos EA - E) (A = semi-major axis)
• ' X • / - 7

',.-.. . RY" = A V 1 - E^ Sin EA - . .

V " = Y|I Sin EA /V"A (1 - E*Cos EA)

VY" = '"Vjl l - E2 Cos EA / YA (1 - E* Cos EA).

The X1 - Y1 coordinate system is the result of rotating the X" - Y"
coordinate system through the angle - ( = g = argument of perigee) in
the plane of the orbit so that X1 is directed toward the ascending node:

X1 = X" Cos uu - Y" Sin u) .
Y1 = X" Sin U) + Y" Cos ID

(Th,ese transformations^are performed on both the R and V vectors to get
R ' R ' V ' V1 )• - r

X ' Y ' X -' ;Y

Z" and Z1 are perpendicular to the orbit plane and so the R and V
components in that direction have been zero. .

The inertial X-Y-Z coordinate system can be achieved by rotating
the X ' -Y ' -Z ' coordinate system through the angles -I (I = inclination) about

. the X1 axis and -fi (0= h = argument of ascending node) about the Z axis:

X = X1 Cos 0 - (Y1 Cos I) Sin 0 .
. Y = X1 Sin n + (Y1 Cos I) Cos f) ' '

Z = Y1 Sin I.

(These transformations are also performed on both R and V vectors to get R
RY, Rz, Vx. Vy, Vz ( X, Y, Z, X, Y, Z ) . )
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a. Symbol — GIMKIC
b. Program Name — Keplerian to Inertial Conversion

Subroutine
c. Programming Group — Mission Planning
d. Programmer — L. Janes
e. Language — Assembler
f. Data Tables Used — None
g. MED's Used — None

; \ •'.-. h. Writeup Completion Date — 9/15/66
i. Flowchart — Figure GIMKIC-1

FUNCTION

^ GIMKIC converts the Keplerian elements (A, E, I, 1 , g, h) to inertial
R & V vectors.

USAGE

a. Calling Sequence — CALL GIMKIC, (KEP, RV, SQRTMU)
b. Inputs — KEP - 6 dpuble words of Keplerian elements

SQRTMU - 1 double word - V~jl _ _
c. Outputs-and Exit — RV - 6 double words of R & V components.

Exit via RETURN.

NOTE: SQRTMU may be either a number within the calling
program or a system parameter.

d. Other Programs Used — DSIN, DCOS, DSQRT.
e. Data Restrictions and Limits — Elliptic orbits only
f. Error — None _ _
g. Other — The units of the_ output R and V are determined by the

input A and Vjl (A and R will have the same units).

Approval Approval

s
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p = (RV - 1) * R/R - (R- Vj) * V

P is directed toward perigee.

A = R/(2-RV ) (A = semi-major axis)

E * Sin UJ = (PZ(HX
2 + Hy

2) - Hz(PxHx + P Y H Y ) ) / H (H = J H J )

E * Cos uu = PYHX - PX
HY

uu = arctan (E#SinU)/E#Cos u>) (0) = g = argument of perigee)

E * Cos EA = RV - 1 . (EA - eccentric anomaly)

E * Sin EA = (R • V) /VA~

EA = arctan (E* Sin EA/E* Cos EA)

M = EA - (E* Sin EA) (M =£ = mean anomaly)

E 5y(E* Sin EA)2 + (E* Cos EA)2 (E = eccentricity)

fj = arctan (H-^- / - Hy) (fi = h = argument of ascending node)

I = arccos (H^ / H) (I = inclination angle)



en
I

en
CO

RTCC APDLLD PRDGRAMMING SYSTEMS

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

2. GIMKIC
DATE 7 /7 /67 (206)
REV
PAGE 3 of 3

: o

V x x / - -&

X-

X =

~ -K-

(y '̂ . r

Figure GIMKIC-1. Flowchart

(Sheet 1 of 1)

K 4 V



03

cn
I

RTCC APDLLD PROGRAMMING SYSTEMS
BOOK: MISSION SYSTEMS - AS-200 Mission Planning

GLMRTM-GLMRTV
MATRIX/VECTOR ROTATION ROUTINE

2. GLMRTM-GLMRTV
DATE 1 / 3 1 / 6 8 ( 2 0 6 )
REV
PAGE 1 of 8

REFERENCES.

1. Programming Group — Maneuver Control (Mission Planning)
2. Programmers — M. Eagle, M. Banks
3. Language — Assembler
4. Writeup Completion Date — 12/21/67
5. Data Tables Used — None
6. MED's Used — None

, 7. Flowchart — Figure 1

FUNCTION

This routine rotates a given matrix or vector about a given axis(es) through
a given angle(s). The matrix or vector must be stored by row. All inputs, out-
puts and computations are in floating-point long precision.

USAGE

1. Calling Sequence —

Matr ix - CALL GLMRTM, (SAVE, A, B, THET1, Kl, THET2,
K2, . . .THETN, KN)

Vector - CALL GLMRTV, (SAVE, A, B, THET1, Kl, THET2,
K2, . . .THETN, KN)

2. Inputs —

SAVE = Work area of 229 bytes on a doubleword boundary
A = Matrix or vector, floating-point long precision

111 THETi = Angle of i**1 rotation, floating-point long precision1' '
Ki = Axis of ith rotation, fixed point: l=X-axis, 2=Y-axis,

3=Z-axis
3. Outputs and Exit — B = Rotated matrix or vector, stored by row

floating-point long precision . ,
4. Other Programs Used — DSIN, DCOS
5. Data Restrictions and Limits — The matrice are dimensioned (3 x 3),

and the vectors are dimensioned ( 3 x 1),
6. Error — None
7. Other — Storage information: GLMRTM/GLMRTV-344 bytes

Approval Approval
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METHOD

(For matrix rotation:

C (i) C {i)\ /C ( i- l ) C (i-l} C ( i ~ l
C12 °13 \ / C l l C12 C13

r r <*> I pWi r < u l) r ^-^ r- ^'^
C 2 2 ° 2 3 I I 2 1 C 2 2 ° 2 3

,c (i) c (i) c (i)/ \c (i-D c (i-D c (i-D
C31 C32 C33 C31 °32 C33

For vector rotation:

(i) 'Cu
vl " \ where A = Cw/

C ^-^ 1 B - C ( N )
C 1 2 B ~ C

/ and i = 1, 2, . . . ,N

c f1-1* /C13 '

For Ki = 1; Ki=2
! /I ' 0 0 \ /cos 0. 0 -sin 9.
' d) I \ d') /Rv ' = 0 cos 9. sin 9. Rv ' = 0 1 0

I l " / \
\0- sin 9. cos 9. / \ sin 9. 0 cos 9.

1 1 1 1

Ki=3

cos 9 sin 9. 0
i i

I

R ( l ) = ( -sin 9. cos 9. 0

0 0 1

where Q. - THETi
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CC rotation of +8 about +X axis

1 0 0

0 cos 9 sin 8

0 -sin 9 cos 9

Y cos 9 + Z sin (

-Y sin 6 + Z cos 9

CC rotation of +9 about +Y axis

X cos 9 - Z sin 9

Y

X sin 9 + Z" cos 9

CC rotation of -1-6 about +Z axis

^

X cos 8 + Y sin

X sin 9 + Y cos 9

Z

(SAVE' > TYPEi« ez" TYPE2'

where C, is old coordinate system (3x3 matrix)

Input \ 9 is angle of rotation
• '" ' Type tells axis of rotation (as defined 'above)

Output [C is rotated coordinate system (3x1 matrix) ~|

One possible scheme is to designate the row vectors as

A'

By | and

C'

' TYPE3>
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Then us^e the rotation about +X as the rotation formula and define A , B , C ,
A, B, C according to which axis is the axis of rotation. This can be done in
assembly language by initializing with the proper vector address.

A' = A

B' = B cos 8 + C sin 9

c' = -B" sin e + c: cos e

( X' = XX' = X

For type - 1 : A=X, B"Y, C=Z \ Y' = Y cos 9 + Z sin 9

(. Z' = -Y sin 9 + Z cos 9

( Y' = Y

For type = 2 : A=Y, B=Z, C=X~ < Z ' = Z cos 9 + X sin 9

( X' = -Z sin 9 + X~cos 9

For type = 3 : A

( Z"' = Z

=Z", B=3T, C"=Y" \ X' = X cos 9 + Y

( Y' = -X sin 9 + Y

X cos 9 + Y sin 9

cos 9

As an additional aid in using this routine the user should give special attention
to the following notation consideration.

B B

M2)

L(4) L(5) L(6)

_L(7) L(8)

where L(N) - Relative location in some contiguous doubleword storage area
with N=l , 2, 3 9.
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Special care should be exercised when using the double subscript notation in
FORTRAN to define the above matrix areas. It is suggested that three con-
tiguous single subscripted variables be used for clarity, e. g. , COMMON
X(3) , Y(3) , Z(3), A(3), B(3), C(3).

Furthermore, it is suggested that all assembler language users pass all argu-
ments to this routine in a parameter list.
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a. Symbol — GIMGBL
b. Program Name — Gimbal, Thrust, and Weight Loss Rate Subroutine
c. Programming Group — Maneuver Control (Mission Planning)
d. Programmer(s) — R. Cusey
e. Language — Fortran
f. Data Tables Used — None
g. MED's Used — None
h. Writeup Completion Date — 7/20/67
i. Flowcharts — Figures GIMGBL-1 through 3

FUNCTION

Given the vehicle configuration and weight, tables of vehicle center of
gravity location versus vehicle weight for each vehicle, and tables of thrust
and weight loss rate versus vehicle weight for each thruster, this subroutine
determines thruster gimbal angles and/or thrust and weight loss rate using
a table look-up procedure and linear interpolation.

USAGE

a. Calling Sequence — CALL GIMGBL (WT, RY, RZ, T, WDOT,
ITC, 1C, IA, IJ, D)

b. Inputs — ;
WT= Weights (Ib. ) for which values are desired (two double words),
where the first double word is CSM weight and the second double
word is LM weight. If the vehicles are not docked, any value can be
used for the weight of the vehicle which is not being considered.
Positive or negative weights are valid inputs.
ITC= Thruster code (half word)

33 for SPS
34 for APS
35 for DPS

IC= Configuration code at beginning of the maneuver (halfword)
0 for CSM
1 for LM
2 for CSM and LM (docked)

IA= Trim angle indicator (half word)
-1 for trim angles, thrust, and weight loss rate desired outputs
0 for thrust and weight loss rate desired outputs
+ 1 for trim angles desired outputs

IJ-= Indicator- to tell_if-LM descent_stage_is_included_in the_configuration^
at the beginning of this maneuver (halfword). This indicator is
applicable only if ITC=33 and IC=2.

0 for descent stage included
1 for descent stage not included

D= Docking angle (radians) (double word)

Approval Approval
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c. Outputs and Exit — EXIT VIA RETURN.
RY = Rotation (radians) about the y-body axis (double word), and
RZ - Rotation (radians) about the z-body axis (double word), such that

(RZ) Ry (RY)

A
L- Z

B

T = Thrust (Ib. ) (double word)
WDOT = Weight loss rate (Ib. /hr. ) (double word)

d. Other programs Used — SIN, COS, SQRT, ATAN, ARSIN
e. Data Restrictions and Limits — If ITC = 34 or if LA = 0, the

contents of double words RY and RZ are not changed by GIMGBL.
If IA = +1, the contents of double words T and WDOT are not
changed by GIMGBL. If either of the input weights is outside
the range of the applicable table(s), output values correspond to
the first or last entry in the table(s), whichever is appropriate.
No indication of this condition is given by GIMGBL,

f. Error — None
g. Other — All .internal calculations are single precision. Two

auxiliary subroutines, GIMGB1 and GIMGB2, are used internally
by GIMGBL. These subroutines are not available for general use.

METHOD

Tables of center of gravity (CG) location (in a reference coordinate system)
versus vehicle weight for the CSM, the LM with the descent stage attached, and
the LM without the descent stage, and tables of thrust and weight loss rate
versus vehicle weight for the SPS, the DPS, and the APS are stored as system
parameters.

Determination of Gimbal Angles —

Four cases can be defined:
Case 1 — The vehicle is the CSM and the thruster is the SPS.
Case 2 — The vehicle is the LM and the thruster is the DPS.
Case 3 — The vehicle is the CSM/LM (docked) and the thruster

is the SPS.
Case 4 — The vehicle is the CSM/LM (docked) and the thruster

is the DPS.
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The CG location (in reference coordinates) of each vehicle involved is
determined from the appropriate CG table (using linear interpolation if
necessary). The CG location of each vehicle relative to the designated thruster
hinge point is determined from a coordinate translation:

Case 1 — X - K_; Y_ = Y
REF REF

Z = Z
REF

Case 2 — X = X - K; YT = Y
REF REF

Z = Z
REF

Case 3 — X , Y , Z same as for Case 1.

X = X
L L

- (K + K ); Y = Y = Z
REF REF REF

'Case 4 — X_ = X,, - (K_ + K J; Y^ = Y_ ; Z = Z_
C CREF 2 3 C CREF ° CREF

X , Y , Z same as for Case 2.
LJ J_j I.*

where X_ ,Y^ , Z_ are CSM CG coordinates, X , Y , Z are LM CG coor-
C-« C C -Lj -L* -Li

dinates, subscript REF indicates reference coordinates, primes indicate target
vehicle, and Kj, K.2> an<^ ^3 are ^4 inches, 833. 2 inches, and 435. 55 inches
respectively by definition of the reference coordinate system.

For Cases 3 and 4 the CG coordinates of the target vehicle must be
rotated counterclockwise about the x-axis through an angle of (240°- D)
to properly align body axes. Here D is the docking angle in degrees.
Since the x-body axes of the docked vehicles lie in opposite directions, the
target vehicle CG coordinates computed above must be further rotated
about the z-axis through 180°. Thus for Case 3

--1 0 O-i

-0 1 0

0 0 1 - 1

— 1

-0—cos-(-2-409~D)- sin (-240°-D)-

L- 0 -sin(240°-D) cos(240°-D) J

- Y- —

L Z, -^



vO

CT>
i

l/ls
RTCC APDLLD PROGRAMMING SYSTEMS

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

2. GIMGBL
DATE 8/25/67 (EORP)
REV
PAGE 4 of 10 t

and for Case 4

-l 0 On

0 - 1 0

Zc-l L 0 0 1

r 1

0 cos(240°-D) sin(240°-D)

L 0 -sin (240°-D) cos(240°-D)-

-xc^
I

For Cases 1 and 2 the CG location (X, Y, Z) of the vehicle relative to the
designated thruster hinge point is given by { X, Y, Z } = { X Y , Z } and

v-» C C

{ X, Y, Z } = (XL, YL, ZL] respectively. For Cases 3 and 4 the CG loca-
tion of the docked vehicles relative to the designated thruster hinge point is
given by

x =

Y =

Z = (WC ZC + WL ZL ) / (WC + V

where W and W are the CSM and LM weights respectively.

Knowing the CG location of the vehicle configuration, the thruster gimbal
angles, P and Y , are determined from

for X ^ 0

for X = 0 or R = 0

R for R ^ 0

for R = 0

where R2 = X2 + Y2 + Z2.
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Determination of Thrust and Weight Loss Rate —

Knowing the weight of the vehicle on which the designated thruster is
located, the appropriate thrust-weight loss rate table is searched and the
thrust and weight loss rate are determined using linear interpolation.
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Figure GIMGBL-1. Flowchart
(Sheet 1 of 1)



v£>

>

>

>

RTCC APDLLD PRDBRAMMINQ SYSTEMS

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

2. GIMGBL
DATE 8/25/67 (EORP)
REV -
PAGE 7 of 1 0

>
Ndc. : XCQ,(rnT>,j)*CG

J -

>

>

>

= Vc/>/c/e
=>C£*

. ^/./M

=* ClM/LH

Figure GIMGBL-2. Flowchart
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a. Symbol — PCGUID
b. Program Name — Guidance and Time-to-Go Subroutine
c. Programming Group — Maneuver Control
d. Programmer — J. Gardner
e. Language — FORTRAN
f. Data Tables Used — None
g. MED's Used — None
h. Writeup Completion Date — 10/13/67
i. Flowchart — Figure PCGUID-1

FUNCTION

This subroutine performs the short maneuver logic, computes the thrust
direction for guided maneuvers, and computes the engine-off time.

USAGE

a. Calling Sequence — CALL PCGUID
b. Inputs — All input is via COMMON
c. Outputs and Exit — All output is via COMMON
d. Other Programs Used — DSQRT

"METHOD

The method for computing the thrust direction is given in the writeup of
PCMRKJ. The time-to-go computations is given by:

g°

W
w

w
-r-
W

-WV/GT
g c

'1-Jl
^

«

to
W

o
AT where

to

= current weight;
= current weight loss rate;

v = |v I = velocity to be gained;
O O

G = gravitational acceleration;
T = current thrust level;

c
w = full load weight loss rate;

^
to

= weight loss rate of tailoff based on full load rate loss rate;

AT = AT of tailoff.
to

Approval Approval
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The T calculation requires two successive computation cycles at essentially
O

the same thrust level for accurate performance. The Descent Propulsion System
(DPS) engine-off logic for short maneuvers is complicated by the DPS start
sequence. The DPS start sequence after ullage is ten percent thrust for the first
twenty-six seconds at which time the DPS throttle is normally increased to its
maximum setting for the duratiort of the maneuver. Before integration is begun
through the maneuver, some short maneuver tests are made.

For the Ascent Propulsion System (APS) and the Service Propulsion System
(SPS) engine choice, the short maneuver logic differs only in the constants used.
The v is biased by an assumed seven-second, two jet ullage. If the v is less

O &

than that obtained in one second, the time to go is computed using the minimum
impulse curve. For a v greater than that obtained in one second, a test is made

O

to see if it can be obtained in five additional seconds. The v for the five additional
g

seconds is computed using the average thrust level and average weight loss rate
with the weight compensated by the weight loss rate. If the v cannot be gained in

&

five additional seconds a time to go is computed.

T = 1 + 5 v /v where
go go gs

v = Velocity to be gained after compensating for ullage and one-second burn
O

v = Velocity to be gained for a five-second burn
O

When the time to go is less than six seconds the initial direction at main engine
on is held throughout the burn of T seconds.

go
For the Reaction Control System (RCS) engine choice a time to go is computed

using the designated thrust level and weight loss rate. If this value is less than
six seconds, the initial direction is held throughout the burn of T seconds.

g°

For the DPS engine choice a time to go is computed using the v biased by an
O

assumed seven-second, two jet ullage and the ten percent values for the thrust
level and weight loss rate. If this time is less than six seconds, the direction
computed at main engine on is held throughout the burn of T seconds. If this

O

time is greater than six seconds, a test is made to see if it is less than eighty-
three seconds. If it is less than eighty-three seconds, the ten percent level is
held throughout the burn.

For the DPS engine choice the short maneuver logic applies to all types of
maneuvers. For the RCS, SPS, and APS engine choices the short maneuver logic
applies only to the external AV maneuver.
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Figure PCGUID-1. Flowchart
(Sheet 1 of 8)
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a. Symbol — PCINIT
b. Program Name — System Parameter Initialization Routines
c. Programming Group — Maneuver Control
d. Programmer(s) — J. Gardner
e. Language — FORTRAN
f. Data Tables Used — None
g. MED's Used — None
h. Writeup Completion Date — 10/13/67
i. Flowchart — Figure PCINIT-1

FUNCTION

This routine initializes the thrust constants as a function of the thruster requested.

USAGE

a. Calling Sequence — CALL PCINIT (TAB, MANOP, ITYPE) where TAB is
the table to store the appropriate constants, MANOP is the maneuver
type, and ITYPE is the thruster indicator.

b. Inputs —
c. Outputs and Exit — All output is stored in the table specified in calling

sequence
d. Other Programs Used — None

METHOD

The method is reflected in the flowchart.

Approval Approval
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a. Symbol — PCRDD
b. Program Name — Derivative Control Subroutine
c. Programming Group — Maneuver Control
d. Programmer(s) — J. Gardner
e. Language — FORTRAN
f. Data Tables Used — None
g. MED's Used — None
h. Writeup Completion Date — 10/13/67
i. Flowchart — Figure PCRDD-1

FUNCTION

This program computes the second derivative of r with respect to time.

USAGE

a. Calling Sequence — CALL PCRDD
b. Inputs — All input is via COMMON.
c. Outputs and Exit — All output is via COMMON.
d. Other Programs Used — PCGUID, GIMGBL, GLMRTM, GLFDEN, DLOG,

DCOS, DSQRT

METHOD

This routine computes the acceleration vector given by:

- SV -
r = - —— + F

3 r

The method is given in the writeup of PMMRKJ and is reflected in the flowchart.

Approval Approval
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a. Symbol — PCRUNG
b. Program Name — Range Kut tn Integration Siibroutine
c. Programming Group — Maneuver Control
d. Programmer(s) — J. Gardner
e. Language — FORTRAN
£. Data Tables Used — None
g. MED's Used — None
h. Writeup Completion Date — 10/13/67
f. Flowchart — Figure PCRUNG-1

FUNCTION

This routine is used to integrate r and v from "time t" to "time t plus

USAGE

a. Calling Sequence — CALL PCRUNG (E, W) where E is ephemeris table
and W is weight table

b. Inputs — All input is via COMMON.
c. Outputs and Exit — All output is via COMMON and ephemeris tables.
d. Other Programs Used — PCRDD, GLFSAT
e. Error — If the kickout altitude is reached, the error code is set to 1 . If

the fuel is exhausted, the error code is set to 2.

METHOD

The method is given in the .writeup of PMMRKJ and is reflected in the flowchart.

Approval Approval
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a. Symbol — PIAEDV
b. Program Name — LM Abort Guidance System (ACS) External

A V Coordinate Transformation Subroutine
c. Programming Group — Mission Planning - Maneuver Control
d. Programmer — R. E. Cusey
e. Language — FORTRAN
f. Data Tables Used — None
g. MED's Used — None
h. Writeup Completion Date — 6/6/67
i. Flowchart — Figure PIAEDV-1

FUNCTION . . - ,

Given a LM AGS external A V vector, this subroutine transforms the vector
from the RTCC Inertial Coordinate System to the Command and Display
Coordinate System or from the Command and Display Coordinate System to
the RTCC Inertial Coordinate System.

USAGE

a. Calling Sequence — CALL PIAEDV (DV, RC, RL, I)
b. Inputs —

DV. - components of external A V - (3 double words)
RC - componenets of CSM position and velocity vectors, r

_ ' ' CSM
and V at ullage begin time - (6 double words).

UoM.
RL - components of LM position vector, r at ullage

LM e

begin time - (3 double words).
I - transformation indicator: 1=0 for transformation from

RTCC inertial coordinates to command and display coordinates;
1=1 for transformation from command and display coordinates
to RTCC inertial coordinates - (1 full word integer).

c. Outputs and Exit — DV - (same as input array). Exit via RETURN '
d. Other Programs Used — DSQRT
e. Data Restrictions and Limits — None
f. Error — None
g. Other — The input AV is overwritten by the output AV.
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METHOD

The method is described as follows:

A A A
ite System axes,

A A

n n n
Define Command and Display Coordinate System axes, X , Y , Z ,

— . _ PA PA . PA

such that ZpA= - \M/rLM, XpA = ZpAx (r^ xv/ | Z x (?CSM x

VCSM) ' and IPA =* PA X XPA' Let the lnPUt AV be AVin = (Vx' Vy>
and the output AV be AV = (V7 , V* , V' ).

out x y z .

If the external A V vector is to be transformed from the RTCC Inertial
Coordinate System to the Command and Display Coordinate System,

V' = AV. • X_.
x in PA

V' = A\T • Y^Ay in PA

V' = AV. • Z^.
z . in PA

If the external A V vector is to be transformed from the Command and
Display Coordinate System to the RTCC Inertial Coordinate System,

AV =V X^A -t- V Y^A + V Z^A .
out x PA y PA z PA
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a. Symbol — PIDREF
b. Program Name — Orbit Desired Refsmat Computation Subroutine
c. Programming Group — Mission Planning - Maneuver Control
d. Programmer — R. E. Cusey
e. Language — FORTRAN

. f. Data Tables Used — None
g. MED's Used — None
h. Writeup Completion Date — .6/6/67
i. Flowchart — Figure PIDREF-1

. : FUNCTION .

Given CSM or LM engine trim angles, position, velocity, attitude indicator,
and unit thrust vector (all at GMTI), this subroutine computes the desired
inertial measurement unit IMU coordinate axes in the RTCC Inertial Coordinate
System.

USAGE

a. Calling Sequence — CALL PIDREF (AT, R, PGYG, K, XP)
b. Inputs —

^^ A

AT - components of unit thrust vector, a at GMTI - (3 double
words).

R - components of position and velocity vectors, r and "v, at
GMTI - (6 double words).

PGYG - engine trim angles (in radians): pitch, P , and yaw, Y
G

for CSM or pitch, F and roll, R , for LM - (2

double words).
K - attitude indicator: K = 0 for heads-down; K = 1 for heads-up

(1 full word integer)
c. Outputs and Exit — XP - components of desired IMU coordinate

A A A
axes, Xp, Yp, Zp - (9 double words). Exit via RETURN.

d. Other Programs Used — DSQRT, DSIN, DCOS
e. Data Restrictions and Limits — None
f. Error — None

G'
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METHOD

The method is described as follows:

i\ n ** n

Define a right-handed set of thrust axes, X , Y , Z , such that X =
' ' '

,
_

Y = ± (r x X ), and Z = X x Y where the positive sign is taken for

Y if the vehicle attitude is heads -down, and the negative sign is taken if
A. —•

the vehicle attitude is heads-up. If X is parallel to r (within 0. 1 degree),
A A - — I— — Idefine Y as Y = (r x v) / |r x v | .

Rotate X , Y , Z clockwise through angle Y about Z , then clockwise

through angle P^ about Y to obtain the desired IMU coordinate axes X

P'

^Pr

p

cos P 0 s n ,̂
C_f

o i o
-sin P^, 0 cos P,

„ ,

r
cos Y^ -sin Y 0

Lr Lr

sin Y cos Y 0
Cj Cj

0 0 1

A

*T

TT
A
2

T
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Vr= r X X

Xp. = XT;

yp; = XT; -'

2,,. = -XT. s

Pr, cos cos

cos V& H-

2. PIDREF
DATE 7/31/67 (EORP)
REV i
PAGE 3 of 3

PC,

Figure PIDREF-1. Flowchart
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a. Symbol — PIDVRS
b. Program Name — Maneuver Confirmation AVResiduals Subroutine
c. Programming Group — Maneuver Control
d. Programmer (s) — J. Myers
e. Language — Assembler
f. Data Tables Used — None
g. MED's Used — None
h. Writeup Completion Date — 8/10/67
i. System Parameters — Table PIDVRS-1
j. Flowchart — Figure PIDVRS-1

FUNCTION

The purpose of this subroutine is to compute the actual maneuver velocity
increment for a CSM or LM executed maneuver from the original /\ V vector
and the maneuver /\V residuals (in the vehicle RCS control axes system). The
actual maneuver velocity increment can be used to confirm the executed
maneuver.

USAGE

a. Calling Sequence — CALL PIDVRS, (DVR, VEH, PYR, DVO, RM)
b. Inputs — The inputs are the following:

(1) DVR is the address of three doublewords which are the
maneuver AV residuals in the vehicle RCS control axes
system (AVX", AVy", AV ")•
VEH is the address of a nalfword which is the vehicle
indicator (1 for CSM and 3 for LM).
PYR is the address of three doublewords which are the
Pitch, Yaw, and Roll in the Inertial Measuring Unit (IMU)
system at the time the residuals were read.
DVO is the address of three doublewords which are the
components of the original planned AV vector in the RTCC
inertial system (AV0)-
RM is the address of nine doublewords which are the inertial
coordinates of the
X, Y, and Z axe? (X -, Y , Z, )•

P

(2)

(3)

(4)

(5)

and Z axes (X: -, Y
* P P

unit vectors in the direction of the platform

Approval Approval
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c. Outputs and Exit — The outputs are the components of the
actual maneuver velocity vector ( A V A ) » which are stored in DVO.
PIDVRS exists by returning to the caller.

d. Other Programs Used — DSIN, DCOS
e. Data Restrictions and Limits — None
f. Error — None

METHOD

For the LM the RCS control axes are parallel to the vehicle body axes.
For the CSM the vehicle body axes are obtained by rotating the RCS control
axes counter-clockwise through the angle 6 (presently 7.25 degrees) about
the X-RCS control axis.

?'

1=
z

1 0 0

0 cos 0 sin 0

0 -sir! 0 cos 0

>cs
IRCS
ZRCS

AV

The maneuver AV residuals in the RCS control axes system (AV ">
AVV"> AV7") are transformed into the platform coordinate system

Y t-i
by the following:

=

COS P

0

-sin P

0

1

0

sin P

0

cos P

cos M

sin M

0

cos M 0

1 0 0

0 cos $ -sin

0 sin $ cos

For the LM, P is the Pitch, M is the Roll, and $is the Yaw in the
Inertial Measuring Unit (IMU) System at the time the residuals were read;
for the CSM, P is the Pitch, M is the Yaw, and $is the Roll minus 9 in
the IMU System at the time the residuals were read.
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The maneuver AV residuals in the platform coordinate system
(AV '» AV '» AV ') are transformed into the RTCC inertial coordinate
system by the following :

AV

AV

AV

RES
y

RES
)

RES

Xp Yp Zp

py y y
Xp Yp Zp

z z z

"AV ' *
X

AV 'z

where (Xp , Xp , Xp ), (Yp , Yp , Yp ), (Zp , Zp , Z p ' ) are the
x y z x y z x y z

inertial coordinates of the unit vectors in the direction of the platform
X, Y, and Z axes.

The actual maneuver velocity vector is then computed as follows:

AV AVO AVRES .
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Figure PIDVRS-1. Flowchart
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Figure PIDVRS-1. Flowchart
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a
en

RTCC APDLLD PROGRAMMING SYSTEMS

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

2. PIEXDV
DATE 8 /11/67 (EORP)
REV
PAGE ! of 4 =

a. Symbol — PIEXDV
b. Program Name — External AV Coordinate Transformation Sub-

routine
c. Programming Group — Mission Planning
d. Programmer(s) — E. Kramer
e. Language — Assembler
f. Data Tables Used — None
g. MED's Used — None
h. Writeup Completion Date — 5/9/67
i. System Parameters — Table, PIEXDV-1.
j. Flowchart — Figure PIEXDV-1.

FUNCTION

This subroutine basically performs a special coordinate transformation

on an input velocity increment vector AV. If the input AV is in the external

AV uplink coordinate system the transformed AV is in the RTCC inertial co-

ordinate system. If the input AV is in the RTCC inertial coordinate system,

the transformed AV is in the external AV uplink coordinate system. The
program is consistent with the on-board capabilities for the first Earth-orbit
rendezvous mission as presented in the MIT CSM and LM R547 documents
dated October, 1966. The subroutine is designed for the CSM GNCS and LM

PGNCS external AV guidance and cannot be used for LM AGS external AV
computations.

USAGE

a. Calling Sequence — CALL PIEXDV, (AV, R. , T, W. ) or for

FORTRAN - PIEXDV (AV, R. , T, W. )
!g !g

b. Inputs — See "Method"
c. Outputs and Exit — See "Method"
d. Other Programs Used — DSQRT, DSIN, DCOS
e. Data Restrictions and Limits — None
f. Error — None

Approval Approval
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METHOD

The calling program passes 4 pointers: (1) AV - The input external
AV vector in double precision; (2) R. - The position and velocity vectors

!g •
at GMTI in double precision; (3) T - The thrust level of the designated
thruster in double precision; and (4) W. - The weight of the vehicle at

! °

GMTI in double precision. If this weight is positive, the input AV is
transformed from the linkup coordinate system to the RTCC inertial
coordinate system. If the weight is negative, the inverse transformation
is done, the three component AV output vector is stpred in the same
storage as the input AV; therefore, this area must be under the users
protect key. The other inputs are not disturbed.
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PIFAAP
APOGEE/PERIGEE MAGNITUDE DETERMINATION

REFERENCES

1. Programming Group — Rendezvous Planning
2. Programmer — C. Peabody
3. Language — Assembler
4. Writeup Completion Date — 3/18/68
5. Data Tables Used — None
6. MED's Used — None
7. Flowchart — Figure 1

FUNCTION

The function is to compute apogee and perigee magnitudes. A first zonal harmonic
(J2) and a low eccentricity approximation are used which results in a small fast
r outine.

USAGE

1. Calling Sequence — CALL PIFAAP (AREA)
2. Inputs — a (semimajor axis), e (eccentricity), i (angle of inclination),

f (true anomaly), u (argument of latitude), r (radius magnitude) in AREA(l)
through AREA(6). Units are Er and radians.

3. Outputs and Exit — AREA(7) = radius magnitude at apogee (Er>. AREA(8)
= radius magnitude at perigee (Er).

4. Other Programs Used — DSIN, DCOS, DATAN2, DSQRT
5. Data Restrictions and Limits — The program is for elliptical orbits only

and works best for low eccentricities.

METHOD

A reference orbit is selected given the osculating elements at an epoch so that the
variation of the osculating radius within one orbit is minimum. The reference
radius at epoch is selected as the actual radius at that time. 1 he remaining ele-
ments, a and e, are derived. The osculating elements of the actual and the refer-
ence orbits are propagated from the epoch time by Keplerian motion. The two
points in the Keplerifoi orbits are determined where the difference between the
radii are maximum a.nd minimum. These two differences are added to the refer-
ence orbit radius at t:he epoch time to obtain the actual apogee and perigee radii.

Approval Approval
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DATE 6/16/67 (206)
REV ' • .
PAGE 1 of 4 ' .

a.
b.
c.
d.
e.
f.

g-
h.
i.

Symbol — PMDDMT
Program Name — Detailed Maneuver Table Display
Programming Group — Maneuver Control
Programmer — R. Taylor
Language — Assembler
Data Tables Used — PZMPTLEM, EZETVMED, PZDMTLEM
MED's Used — U20
Writeup Completion Date — 3/21/67
System Parameters — Table PMDDMT-1
Flowchart — Figure PMDDMT-1

FUNCTION

This load module formats the Detailed Maneuver Table Display.

USAGE

a. Calling Sequence — ATTACH -
b. Inputs — Internal format number, entry queue, vehicle code,

maneuver number
c. Outputs and Exit — PZDMTLEM. Exit is via a return.
d. Other Programs Used — RHFDFCNV
e. Data Restrictions and Limits — None
f. Error — If the requested maneuver is not in the Mission Plan Table

or if there are no maneuvers, "No Maneuver in Table" is displayed.
An "*" is displayed for an update in process.

METHOD

This load module takes the MED data in EZETVMED and formats that man-
euver according to the NASA format. The maneuver data is written in PZDMTLEM
for use in command loads.
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âo
u

(4

i
T3

p

M
C

C
D

P
R

O
P

c.
a
a

"-•

i
• -o

•4-i

).

f

fc

g

O
)L

**H

ac
a

d

âo
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PAGE 1 of 16

a. Symbol — PMDDMT
b. Program Name — Detailed Maneuver Table Display
c. Programming Group — Mission Planning
d. Programmer(s) — R. Taylor
e. Language — Assembler
f. Data Tables Used — PZMPTCSM, PZMPTLEM, TZGDNSAV,

EZETVMED; GZLTRA
g. MED's Used — U20
h. Writeup Completion Date — 7/28/67
i. System Parameters — Table PMDDMT-1
j. Flowchart — Figure PMDDMT-1

FUNCTION

This load module formats the Detailed Maneuver Table, which includes
providing IMU attitudes and velocity components based on a specified reference
matrix, two-vehicle quantities (0, £, 5, A h) , and the AGS external &V vector
in the command and display system.

USAGE

a. Calling Sequence — ATTACH
b. Inputs — Internal format number, entry queue, vehicle code,

maneuver number, reference matrix, heads up/down indicator.
c. Outputs and Exit — Detailed Maneuver Table display; Exit via

return.
d. Other Programs Used — DARSIN, RHFDFCNV, DSQRT, ELGETE,

GLQATN, GLMXPD, GLMDPD, PMMAEG, EIGMTX, PIAEDV,
PIDREF, GIMIKC, GIMKIC

e. Data Restrictions and Limits — None
f. Error — Conditions and the associated message are (1) Maneuver

requested not in Mission Plan Table — "MANEUVER NOT IN
TABLE"; (2) Trajectory update in process — "*", "UPDATE IN
PROCESS"; (3) Reference matrix not available — "MATRIX NOT
AVAILABLE, AFFECTS P, Y, R, VGX, VGY, VGZ"; (4) Vector
from other emphemeris not fetched — "VECTOR NOT AVAILABLE,
AFFECTS 9, 0DOT, 5 , Ah"; (5) Error return from PMMAEG —
"AEG ERROR, AFFECTS 9, 9DOT, 5 Ah; (6) Vector for AGS
computations not fetched — "VECTOR NOT AVAILABLE, AFFECTS
Vv, V , V "; (7) PMMAEG error return — "AEG ERROR,

•X. JL ^ . .

AFFECTS V , V , V "; (8,) Incomplete or invalid maneuver —
X Y Z

"MANEUVER QUANTITIES NOT CURRENT"; (9) Burnout vector
replaced by anchor vector ^- "ANCHOR VECTOR WITHIN
MANEUVER".

Approval Approval
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METHOD

This load module uses information from the U20 MED to format the
Detailed Maneuver Table display (MSK 54).

Rendezvous - two vehicle quantities are computed by getting a vector
from the emphemeris for the other vehicle. Then

r Position vector for maneuvering vehicle

V Velocity vector for maneuvering vehicle,

r Position vector for other vehicle.

V Velocity vector for other vehicle
' a

"h = r X V
m m m

h = r X V
a a a

N = h Xha m

h = I h Im I m I

h = | h
a ' a

V 2 = V -V
a a a

v 2 = v • v
m m m

rm
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' \

V

•m
-1

6 =
-1 N

h h
m a

6 and Ah are computed using PMMAEG.update option 6. The phase
angle 6 is computed at time match (measured from other vehicle to
maneuvering vehicle) and Ah at position match.

The reference matrix requested on the MED is fetched using the sub-
routine EIGMTX except for a desired reference matrix request. For a desired
request subroutine PIDREF calculates the matrix using the heads up/heads
down attitude*. The IMU attitudes are calculated as follows:

A
X

A
Y

Reference matrix returner) hy
EIGMTX or PIDREF; or, for S-IVB blow-
down vent, fetched from GZLTRA

For an S-IVB maneuver, the S-IVB reference matrix from launch is used with
CSM logic.
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B

A
Y

B

B

vehicle body axis from Mission Plan Table

-
A = sin (Xfi • Yp)

B = tan
-1

Y • YYB Y

-1
A

-XBP = tan

For the CSM, yaw = A, roll = B, and pitch = P. LM attitudes are roll = A,
yaw = B, and pitch = P. S-IVB attitudes are computed as for the CSM. If A
is equal to IT/2 or 377/2, B and P are computed differently.

B = 0. 0
P = TAN'1

P ' '

The IMU delta velocity vector is based on a ^y vector stored in the
Mission Plan Table.

Vgy
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For a LM ACS attitude maneuver, the external &V vector is computed
by the subroutine PIAEDV using vectors for both vehicles at the time to
begin the maneuver.

The initial vehicle weights are determined by using the configuration
code at ignition and the associated total configuration weight.

The information is then formatted by RHFDFCNV and transmitted to
the D/TV.
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DATE 12/11/67 (EORR)
REV
PAGE 1 of 4

a. Symbol — PMDDTVCC
b. Program Name — Two-impulse Corrective Combination Display
c. Programming Group — Rendezvous Planning
d. Programmer(s) — T. Hickey
e. Language — Assembler
f. Data Tables Used — PZTIPCCD
g. MED's Used — None
h. Writeup Completion Date — 11/9/67
i. System Parameters — Table PMDDTVCC-1
j. List of Items Displayed — Table PMDDTVCC-2
k. Flowchart — Figure PMDDTVCC-1

FUNCTION

This display formats and displays the parameters associated with the Two-
impulse Digitals (Corrective Combination) Display, and queues the Philco
D/TV equipment for purposes of display. The MSK is 64.

USAGE

a. Calling Sequence — ATTACH EP = PMDDTVCC
b. Inputs — Data control word
c. Outputs and Exit — Builds buffer load to Philco D/TV hardware.

Exit is via "RETURN" macro.
d. Other Programs Used — RHFDFCNV
e. Data Restrictions and Limits — None

METHOD

After reading the Two-impulse Corrective Combination Display Table
(PZTIPCCD), a check is made to determine whether there are any plans in
the table.

If there are none, another check is made to determine if the table is
in an update status. If this is the case, a message entitled "TABLE BEING
UPDATED" is formatted; if not, a message entitled "NO CORRECTIVE COM-
BINATION PLANS" is formatted.

If there are solutions in the table, all of the appropriate parameters are
converted to the desired units, the data is formatted and placed in a buffer,
and the buffer is then RTPUT to the Philco D/TV equipment for display
purposes.

Approval Approval
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Table PMDDTVCC-2. List of Items Displayed

ITEM DESCRIPTION UNITS

CSM STA ID

LM STA ID

GETNCC

GMTNCC

CODE

GETNSR

GMTNSR

T

Ah

A0

At

VEH

T
SLIP

Current CSM STA ID in MPT

Current LM STA ID in MPT

Impulsive elapsed time of first
maneuver of all solutions

Impulsive GMT of same

Numeric code specifying the plan
number of each solution in the table

Impulsive elapsed time of the
second maneuver of the plan

Impulsive GMT of same

Sum of the impulsive AV s for
both maneuvers plus an approxi-
mation of the AV required for
terminal phase

Height offset after the second
maneuver •;

Phase angle after the second maneuver

Time interval between first and
second maneuvers

Maneuver vehicle code (first
solution only)

Amount of time terminal phase
initiation will differ from the
nominal if this solution is used

HR: MIN: SEC

DY: HR: MIN: SEC

HR: MIN: SEC

DY: HR: MIN: SEC

FT/SEC

N. M.

DEC

MIN.

MIN.
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a. Symbol — PMDGPM
b. Program Name — General Purpose Maneuver Display Load Module
c. Programming Group — Rendezvous Planning
d. Programmer — T. Hickey
e. Language — Assembler
f. Data Tables Used — PZGPMDIS, EZCCSM or EZCS4B or EZCLEM
g. MED's Used — None ,
h. Writeup Completion Date — 11/10/67
i. System Parameters — Table PMDGPM-1
j. List of Items Displayed — Table PMDGPM-2
k. Flowchart — Figure PMDGPM-1

FUNCTION

This load module formats and displays the parameters associated with the
general purpose maneuver last computed. The MSK number is 48.

USAGE

a. Calling Sequence — ATTACH EP = PMDGPM
b. Inputs — Data control word
c. Outputs and Exit — Builds buffer load to Philco D/TV hardware. Exit

is by "RETURN" macro.
d. Other Programs Used — RHFDFCNV
e. Data Restrictions and Limits — None

METHOD

After reading the GPM display data table (PZGMDIS), a check is made to
ensure that a maneuver is present. If no maneuver is in the table, a buffer load
with a message entitled "NO MANEUVERS IN GPM TABLE" is formatted and
RTPUT to the Philco D/TV equipment for displaying. If a maneuver is present,
all of the desired parameters are converted to their proper units, all data is for-
matted as required, and the buffer is then RTPUT to the Philco D/TV equipment
for display purposes.
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Table PMDGPM-2. List of Items Displayed

2.PMDGPM

DATE 12/11/67 (206)
REV
PAGE 3 of 5

ITEM

MAN VEH STA ID

GETAV

WEIGHT

CODE

HA
XA

*A

GETA

hP

V

<Pp

GETp

a

e

i

n
GET

GETTH

HMAN

^MAN

DESCRIPTION

Call letters of station vised for last trajectory
update of the maneuvering vehicle

GET of anchor vector for last trajectory
update

Weight of vehicle at time of the maneuver

Maneuver code

Resultant apogee height

Apogee longitude after maneuver

Geocentric latitude of apogee after maneuver

GET of apogee after maneuver

Resultant perigee height

Perigee longitude after maneuver

Geocentric latitude of perigee after maneuver

GET of perigee after maneuver

Semi-major axis of resultant orbit

Eccentricity of resultant orbit

Inclination angle of resultant orbit

Longitude of first ascending node resulting
from the maneuver

Amount of apsidal shift of resultant orbit

GET of the impulsive maneuver

Threshold time to find maneuver point

Height of vehicle at impulsive maneuver point

Longitude of vehicle at impulsive maneuver
point

UNITS

HR:MIN:SEC

LBS.

N.M.

1"^ T7^^"* Ti jfT'KTf \
f^J PJ \^j * JVt L LNI 1

/^J \

J3 p^C_r! A^I^T ( I

HR:MIN:SEC

N.M.

DEG:MIN(*)

DEG:MIN(*)

HR:MIN:SEC

N.M.

DEC.

DEG:MIN(w)

DEG:MIN(E
/)

HR:MIN:SEC

HR:MIN:SEC

N.M.

DEG:MIN:SEC^)
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PAGE 4 of 5

Table PMDGPM-2. List of Items Displayed (Cont'd. )

ITEM

^MAN

AV

PH
¥ H ' - ' • ' • •

REV

DESCRIPTION

Geocentric latitude of vehicle at impulsive
maneuver point

Velocity increment required to perform
maneuver

Pitch attitude of vehicle - LVLH system

Yaw attitude of vehicle - LVLH system

Revolution number in which the maneuver
is performed

UNITS

DEG:MIN:

FT. /SEC.

DEC.

DEC.

*<)
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DATE 8/31/67
REV
PAGE 1 of 4

(206)

a. Symbol — PMDMPT
b. Program Name — Mission Plan Table Display
c. Programming Group — Mission Planning
d. Programmer — E. Kramer
e. Language — Symbolic
f. Data Tables Used — PZMPTLEM
g. MED's Used — None
h. Writeup Completion Date — 8/4/67
i. System Parameters — Table PMDMPT-1.
j. List of Items Displayed — Table PMDMPT-2. :
k. Flowchart — Figure PMDMPT-1.

FUNCTION

PMDMPT formats and outputs to the D/TV hardware (via RTPUT)
various quantities for each maneuver in the Mission Plan Table.
See Table 2 for a description of these quantities.

USAGE

a. Calling Sequence — ATTACH EP = PMDMPT
b. Inputs — Data Control word
c. Outputs and Exit — Outputs formatted data for display and returns
d. Other Programs Used — RHFDFCNV
e. Data Restrictions and Limits — None
f. Error — NA
g. Other — If a trajectory update is in process the following message

is displayed: "UPDATE IN PROCESS".

METHOD

The required data is taken from the MPT and formatted using the
RTCNV and RTFMT macros, and the formatted buffer is RTPUT to the D/TV
buffer for displaying.

Approval
•<2 y' -'̂ ^ - - — -
S-S-Z'i/S*-,'^-.
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Table PMDMPT-2. List of Items Displayed

ITEM DESCRIPTION UNITS

LEM STAJD

GETAV

GETBI

AT

AV

AVREM

HA

Hp

CODE

Call Letters of Station Used for Last
Update of CSM Trajectory

GET of Anchor Vector for CSM Update

GET of the Burn Initiation

Time Between Maneuvers

Incremental Velocity Required to
Complete the Maneuver

Maneuvering Vehicle Velocity Capabi-
lity Remaining after the Maneuver for
Indicated Thruster

Height of Apogee above Spherical Earth
After the Maneuver

Height of Perigee above Spherical Earth
After the Maneuver

Code Assigned to the Maneuver in the
MPT

h:m:s

m:s

f t / sec .

f t / s e c.

NM

NM
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DATE 7/28/67 IEORPI

'REV'
PAGE 1 of 4

a. Symbol — PMDPAD
b. Program Name — Perigee Adjust Display
c. Programming Group — Rendezvous Planning
d. Programmer — C. Peabody
e. Language — Assembler
f. Data Tables Used — PZPADDIS
g. MED's Used —
h."'Writeup Completion Date — 6/14/67
i. Flowchart — Figure PMDPAD-1

FUNCTION

PMDPAD displays burn time, velocity increment, burn duration, true
anomaly, height above spherical earth, and height of resultant apogee for
six maneuvers, any one of which will cause perigee to be raised to some
requested value. These calculations are made in PMMPAD.

USAGE

a. Calling Sequence — LINK EP=PMDPAD
b. Inputs — Perigee Adjust Display Table PZPADDIS
c. Outputs and Exit — Display buffer to D/TV system
d. Other Programs Used — None
e. Data Restrictions and Limits — None
f. Error — None

METHOD

The first word of the data table is compared to zero. If it is equal, the
perigee, requested is less than the current perigee and current perigee is dis-
played. If not, the desired perigee is converted from Earth radii to nautical
miles. The following conversions are done for all six maneuvers: ^V from
Er. /hr. to ft /sec, true anomaly from radians to degrees, height above Earth
from Er. to miles, height at resultant apogee from. Er. to miles. The above
information plus the timestep, the GMT of burn initiate, and the burn time are
then displayed. However, if the GMT of burn initiate is negative, there is no
maneuver and thus only the time is displayed.

Approval Approval
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DATE 7/28/67
REV
PAGE 3 of 4

Data Table Formats

Symbolic Name — PZPADDIS

Programmer — C. Peabody

Table Name — Perigee Adjust

Initialization of any Element Required —

Dimensions

Blocks — 1
Words/Blocks — 50 double words
Total Words — 50 double words

General Description and Usage

PMDPAD will be attached from the display supervisor. Information
for six maneuvers to raise perigee to the requested value will be displayed.
This information is in the PZPADDIS table.

Approval Approval
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REV
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Detailed Contents

Block Word

1
2
3
4
5
6
7
8
9

10
11
12
13
14

15-21

22-28

29-35

36-42

43-49

50

Byte Bit T ype *

D
D
D
D
D
D
D
D
D
D
D
D
D
D
D

D

D

D

D

D

-

Units

hrs.
hrs.
hrs.
Er
Er

rad.
hrs.

Er/hr
hrs.
rad.
Er.
Er.

i

*,i

- * ~ *i-

Description and Range

Solution Indicator
Time of Elements
Thresh Time
Time Step
Apogee Height
Perigee Height
Not Used
Pitch at Ignition
Burn Time
Velocity Increment
Burn Duration
True Anomaly
Height Above Earth
Height of Resultant Apogee
Same as Words 8-14
(for 2nd Maneuver)
Same as Words 8-14
(for 3rd Maneuver)
Same as Words 8-14
(for 4th Maneuver)
Same as Words 8-14
(for 5th Maneuver)
Same as Words 8-14
(for 6th Maneuver)
Not Used

_.

H — Fixed.puint half word
F — Fixed-poirt full word

E — Single-precision (floating-point)

D — Double-precision (floating-point)
X — Hexidecimal
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a. Symbol — PMDRET
b. Program Name — Rendezvous Evaluation Display Load Module
c. Programming Group — Rendezvous Planning
d. Programmer(s) — R. Barrett, T. Hickey
e. Language — Assembler
f. Data Tables Used — PZDKIT, EZETVMED, GZGENCSN
g. MED's Used — U06

. h. Writeup Completion Date — .11/17/67
i. List of Displayed Parameters — Table PMDRET-1
j. Flowchart — Figure PMDRET-1

FUNCTION

This load module formats and builds a buffer containing all appropriate para-
meters for the Rendezvous Evaluation display, according to the latest U06 MED
request. It also queues the Philco D/TV equipment to display this buffer load.

USAGE

a. Calling.Sequence — ATTACH EP = PMDRET
b. Inputs — Data control word
c. Outputs and Exit — Builds buffer load to Philco D/TV hardware,

is via "RETURN" macro.
d. Other Programs Used — RHFDFCNV

Exit

e. Data Restrictions and Limits None

METHOD

After reading the DKI planning table (PZDKIT), a check is made to determine
whether there are any solutions available. If not, the format is set to display
either a "NO PLANS IN TABLE" or "UPDATE IN PROCESS" message. If the
plan number requested is contained in the table, all of the appropriate parameters
are converted to the desired units, the data is formatted and placed in a buffer,
and the buffer is then RTPUT to the Philco D/TV equipment for display purposes.
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Table PMDRET-1. List of Displayed Parameters

ITEM DESCRIPTION UNITS

ID

\

M

GET

At

Av

VEH

ID

9

Ah

h /h
P a

Row number of plan from Rendezvous
Planning Table

Orbit number in which rendezvous is
to occur

Elapsed impulsive time of the maneuver

Amount of time between each maneuver
of the same vehicle

Velocity increment for the maneuver

Maneuvering vehicle code

Maneuver purpose code of this maneuver

Phase angle after the maneuver

Height offset after the maneuver

Height of perigee and height of apogee

HR:MIN:SEC

MINrSEC

FT/SEC

DEC.

N. M.

N.M.
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a. Symbol — PMDRPT
b. Program Name — Rendezvous Plan Table Display
c. Programming Group — Rendezvous Planning
d. Programmer(s) — M. Secondo
e. Language — Assembler
f. Data Tables Used — PZDKIT, PZSLVTAR
g. MED's Used — None
h. Writeup Completion Date — 11/15/67
i. System Parameters — Table PMDRPT-1
j. Flowchart — Figure PMDRPT-1

FUNCTION

PMDRPT provides display information for a maximum of seven DKI
rendezvous plans.

USAGE

a. Calling Sequence — RTATTACH TASK=GTISPLAY, EP=GMSTAP,
ID=7, PARAM = (Word, 4, Fword, 4)

b. Inputs — TVGUIDE word
c. Outputs and Exit — D/TV Formatted display. Exit is by return

to calling program.
d. Other Programs Used — RHFDFCNV
e. Data Restrictions and Limits — None
f. Error — None

METHOD

Upon entry to the program, a data table, PZDKIT, is read to determine
whether a DKI plan or Coelliptic Sequence plan is requested. For a Coelliptic
Sequence entry, a message is displayed indicating that no rendezvous plans
are available; if a DKI plan is being computed, the message will state that
the table is being updated. After all of the DKI plan computations are com-
pleted, the display quantities are converted to the proper units and transmitted
to the D/TV.

For each plan, the quantities displayed include: (1) an identification number
for that plan, (2) the requested M-LINE, (3) AV for each vehicle, (4) GET,
(5) the maneuver line points for each maneuver scheduled, and (6) the amount
of time that liftoff can be delayed and still achieve rendezvous.

Approval Approval
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a. Symbol — PMDTAR
b. Program Name — Saturn Launch Vehicle (SLV) Targeting Display

Load Module
c. Programming Group — Rendezvous Planning
d. Programmer(s) — T. Copper
e. Language — Assembler
f. Data Tables Used — PZSLVTAR
g. MED's Used — None
h. Writeup Completion Date — 5/24/67
i. Flowchart — Figure PMDTAR-1

FUNCTION

PMDTAR generates a format for displaying the SLV targeting parameters,
and transmits the format to the D/TV system.

USAGE

a. Calling Sequence — RTATTACH TASK = GTISPLAY, EP = GMSNAP,
13 = 3, PARAM = (WORD, 4, FWORD, 4)

b. Inputs — Data Table (PZSLVTAR), TV GUIDE WORD
c. Outputs and Exit — Output is on D/TV screen. Control is return to

calling program.
d. Other Programs Used — DTREAD, RTCNV, RTPUT
e. Data Restrictions and Limits — None
f. Error — None

METHOD

When PMDTAR is entered, it reads in the input SLV Targeting Data
Table (PZSLVTAR) using a DTREAD. By using the data format language package,
the input data is converted to the D/TV display format and stored in a buffer
area. After all data has been formatted, the buffer area is put out to the
D/TV hardware to display the SLV Targeting Digital Display by an RTPUT.

Approval Approval
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a. Symbol — PMDTIMP
b. Program Name — Two-impulse Multiple Solution Display
c. Programming Group — Rendezvous Planning
d. Programmer(s) — T. Hickey
e. Language — Assembler
f. Data Tables Used — PZTIPREG, GZGENCSN
g. MED's Used — None
h. Writeup Completion Date — 11/17/67
i. System Parameters — Table PMDTIMP- 1
j. List of Items Displayed — Table PMDTIMP- 2
k. Flowchart — Figure PMDTIMP- 1

FUNCTION

This display formats and queues the Philco D/TV equipment for purposes
of displaying the two-impulse multiple solution display parameters. The MSK
is 63.

USAGE

a. Calling Sequence — ATTACH EP = PMDTIMP
b. Inputs — Data control word
c. Outputs and Exit — Builds buffer load to Philco D/TV hardware.

Exit is via "RETURN" macro.
d. Other Programs Used — RHFDFCNV
e. Data Restrictions and Limits — None

METHOD

After reading the Two-impulse Multiple Solution Display Table (PZTIPREG),
a check is made to determine whether there are any plans in the table. If
there are none, another check is made to determine if the table is in an update
status. If this is the case, a message entitled "TABLE BEING UPDATED" is
formatted; if not, a message entitled "NO TWO IMPULSE PLANS AVAILABLE"
is formatted.

If there are solutions in the table, all of the appropriate parameters are
converted to the desired units, the data is formatted and placed in a buffer,
and the buffer is then RTPUT to the Philco D/TV equipment for display purposes.
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Table PMDTIMP-2. List of Items Displayed

ITEM DESCRIPTION UNITS

CSM STA ID

LM STA ID

GETTH CSM

GETTH LM

MAN VEH

A9

Ah

GMT

OPTION

MINUTES UNTIL

AV,

Current CSM STA ID
in MPT

Current LM STA ID
in MPT

Ground elapsed time
tag of vector from
CSM ephemeris used
for computations

Same as above except
for LM

Maneuvering vehicle
indicator

Desired target ter-
minal phase trans-
fer angle

Desired phase angle
after second maneuver

Desired height offset
after second maneuver

Elapsed time of the
frozen maneuver

GMT of frozen maneu-
ver

Word indicating whether
the first, second, or
both maneuver time(s)
is(are) frozen

Number of minutes
until the environment
change indicated from
the frozen maneuver of
the first solution

Impulsive velocity incre-
ment of the frozen
maneuver

HR:MIN:SEC

HR:MIN:SEC

DEC.

DEC.

N. M.

HR:MIN:SEC

DY:HR:MIN:SEC

FT/SEC
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Table PMDTIMP-2. List of Items Displayed (Cont. )

ITEM DESCRIPTION UNITS

YAW,

PITCH,

GET2

YAW2

PITCH,

Yaw altitude of the
frozen maneuver

Pitch altitude of the
frozen maneuver

Elapsed time of the
variable maneuver

Impulsive velocity
increment of the
variable maneuver

Yaw altitude of the
variable maneuver

Pitch altitude of the
variable maneuver

Letter D or N indi-
cating whether the
variable maneuver
occurs in daylight
or darkness

Numeric code spe-
cifying the plan
number of each
solution in the table

DEC.

DEG.

HR:MIN:SEC

FT/SEC

DEG.

DEG.
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c.
d.
e.
f.

a. Symbol — PMDTIPSS
b. Program Name — Two-impulse Single Solution Display

Programming Group — Rendezvous Planning
Programmers) — J. A. Steed '.
Language — Assembler
Data Tables Used — PZTIPSS

g. MED's Used — K31 (initializes the math module which fills PZTIPSS)
h. Writeup Completion Date — 6/14/67

. i. System Parameters — Table. PMDTIPSS-1
j. Data Table Formats — Table PZTIPSS-2

-. • k. Flowchart — Figure PMDTIPSS-1 .

FUNCTION

PMDTIPSS displays two-impulse single solution information, which
includes expanded and detailed information concerning a set of maneuvers.

USAGE

a. Calling Sequence — LINK EP = PMDTIPSS
b. Inputs — Internal Format Number; Data Table, PZTIPSS.
c. Outputs and Exit — Display. Return to calling program
d. Other Programs Used — RHFDFCNV
e. Data Restrictions and Limits — See Table PZTIPSS-2
f. Error — None

METHOD . '

PMDTIPSS reads in the data table PZTIPSS. If there is no data in the
table, a message to that effect is displayed using DFL. If there is data, the
necessary conversions are made, and the desired information is displayed.

Approval
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Data Table Formats

Symbolic Name — PZTIPSS

Programmer — T. M. Hickey

Table Name — Two-impulse Single Solution

Initialization of any Element Required — .No

Dimensions

Blocks — 1
Words/Blocks — 103 double
Total Words — 103 double

General Description and Usage

Used only by the Two-impulse Single Solution Display, this program
contains all necessary quantities for that display. It is not used for any other
purpose.
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Detailed Contents

Block

1

Word

1
2
3
4
5

6
7
8
9

10
11

12
13
14
15
16
17
18
19
20
21
22
23

24

25

Byte

1

1-2

3-4

5-6
7-8

Bit Type*

D
D
D
D
H

H

H
H

D

f

Units

hrs.
hrs.

rad.
CUL
rad.
rad.
hrs.
rad.

ERH
rad.
rad.

ERH
ERH
ERH
rad.
rad.

ERH
ERH
ERHi
hrs.
1

hrs.

hrs.

Description and Range

LM STAID
CSM STAID
LM GETTHS
CSM GETTHS , _„,

1 = CSM
Man. veh. code _ 3 = LM

£. — o-lv JD
, . , 1 = LOSMode _ ___

2 = TGI
ID = no. of solution , ^tc.1 = MS
Table requested

A 0 = phase offset
AH = height offset
U)T
A pitch
Time of first man. - GET
E of first man.HOR
AV - impulsive for first man.
Pitch - impulsive for first man.
Yaw - impulsive for first man.
Vx

Vy

vz
Pitch of active veh. along given LOS
Yaw of active veh. along given LOS
X
Y
Z

+ F
A T _ A

+ L

A T
 + D - R

AT
- U

H — Fixed-point half word
F — Fixed-poirt fu l l word

E — Smgle-preciai<
D — Double-precisi
X — Hexidecimal

I (floating-point)
n (f loating-point)
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Detailed Contents

Block Word

26
27

. 28
29

30

31

32
33
34

35

36

37-52
53-103

Byte Bit

-

Type*

D

\ r
< r

Units

i
CUL
CUL
hrs.

rad.

rad.

CUL
ERH
CUL

CUL

CUL

i

Description and Range

Min. until daylight or darkness
Height of apogee after first man.
Height of perigee after first man.
GET of approach data

+ = L
Target Azimuth _

+ = U
Target elevation _

Range
Range rate

i 1 *

X - T

Z + B
-A

Y + R .
: - L

2 duplicates of 29-36
Duplicate of 10-52 with 29-36

four times

«
H — Fixed-point half uurd
F — Fixed-poiri fu l l word

E — Single-precision (floating-point)
D — Double-precision (f loating-point)
X — Hexidecimal
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MISSION EORP

PMMAEG
EARTH ANALYTIC EPHEMERIS GENERATOR

REFERENCE S

1. Programming Group — Rendezvous Planning
2. Programmers — T. Copper and J. Myers
3. Language — Assembler
4. Data Tables Used — None
5. MED's Used — None
6. Header — Table 1
7. Input Block Format — Table 2
8. Output Block Format — Table 3
9. PMMAEG Flowchart — Figure 1

10. TATSTOR Flowchart — Figure 2 - .
11. DRAG Flowchart — Figure 3

FUNCTION

Given an initial set of or bit-defining elements (t, a, e, i, 1, g, h), the AEG will
initialize and/or update those elements to a specified time, accounting for the
first three (or combinations thereof) surface spherical zonal harmonics (J , J ,
J .), with or without drag.

USAGE

1. Calling Sequence — LINK EP=PMMAEG, PARAM=(HEADER, INPUT,
OUTPUT)

2. Inputs — First two parameters of parameter list (see Note)
3. Outputs and Exit — Third parameter in parameter list (see Note)
4. Other Programs Used — None
5. Data Restrictions and Limits — See Note
6. Error — See Note
7. Note —

The AEG, PMMAEG, is being set up so that it can be called by using the
LINK or ATTACH macro. The location of the first byte of the input/output
tables, which must be located on doubleword'boundaries, will be communi-
cated to the AEG via key word P ARAM. If ATTACH is used and a WAIT
macro is issued by the user, the user must give key word ECB with the
ATTACH so that the supervisor can do the posting; there will be no pro-
visions for the AEG to issue a POST macro.

The parameter list must have the following format:

PARAM=HEADER, INPUT, OUTPUT

Approval Approval
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MISSION EORP

HEADER consists of eight bytes.
INPUT is one or more input blocks.
OUTPUT is one or more output blocks.

METHOD

In addition to updating a set of or bit-defining elements to a desired time, the AEG
has built-in subroutines to obtain other desired end conditions. These routines
are generally known as TIMA (time of arrival) and TAUA (p ' . snse angle relation.
There are six specific options available as follows.

«
1. Mean Anomaly-(1) — this option provides for the computation of the arrival

time at any desired mean anomaly. A given mean anomaly occurs once
every orbit; hence, an orbit counter (/\N) is provided; it denotes the number
of times to pass through the reference line (1=0; commonly known as peri-
focus). For nearly circular orbits (e(eccentricity) < . 005) the mean anomaly
becomes ill defined, and failure to converge may occur.

2. Argument of Latitude (u) —'this option corresponds to the mean anomaly
except, that the reference line (u=0) is known as the ascending node, and
the argument of latitude remains well defined regardless of eccentrici ty.
However, it would become unstable for n e a r l y equatorial orbits.

3. M a n e u v e r Line (NA) — this option provides the ability to advance a requested
number (^N) of maneuver line crossings from a reference maneuver l ine .
This reference l ine is defined by ar> argument of lalitude (u) and a number
(NA). The NA is a multiple of . 5 with the whole numbers (e. g . 2 . 0 )
representing apofocal ends of the maneuver l ine, and t h > - f r ac t iona l numbers
(e. e,. , 2. 5) representing perifocal ends. The mane'ivcr l i n e would be
fixed in the orbital plane except that it is allowed to move at the apsidal
precession rate (g). Hence, successive crossings of the maneuver line
are separated by a central angle of rrplus a small precession factor .

4. Phase Angle ( 0 r ) — this option (as well as the next two) requires at least
two AEG blocks. The current block will be advanced to the output time from
the previous blocks and the vehicles will be at time match. The central
angle difference (relative to the previous vehicle) between the two vehicles
will then be computed, and this is the phase angle. (It could be noted
that if the vehicles arc not coplanar, the angle is their relative difference
from a common node. If they are coplanar the phase angle becomes the
difference in arguments of latitude).

5. Position Match — in effect this option takes the current block to the time
where the phase angle is zero, thus yielding position match. This is
accomplished by taking the current block to time match, computing the
phase angle, and then backing the current vehicle through the phase angle.
For this purpose the phase angle is considered to be 0 s (•• < 2-n. The
phase angle and the height difference are returned.

6. Position Match — this option is the same as (5) except that for position
match the phase angle is considered to be -TT < Qr £ n
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Table 1. Header

All angles are in the interval (0, 2n) radians.

Item No.

1
2
3
4

Type

Integer
Integer
Integer
Integer

Byte
Length

2
2
2
2

Identification

Spare
Error indicator
No. blocks to process
Spare

Explanation

Item 2 — The error indicator is an output quantity which will have one of
four values:

1. 0: There were no errors.

2. -1: a. The mean elements could not be computed from the osculating
elements.

b. The input osculating elements were rejected because the elements
did not fall within the following limits:

. 4<;a<s9.0 CUL

. 0<;e<.85 ND
. 05 radians

< 2-n radians
^2TT radians

r radians

c. The amount of time to update the elements exceeds four days. If
this occurs there will bea message printed on line.

3. -2: The trajectory being updated became reentrant.

4. -3; Convergence for a mean anomaly, argument of latitude, or position
match update was not obtained. There will be a message printed
on line if it fails to converge on position match.

Item 3 — The number of blocks to process is an input quantity which should
be an integer greater than zero.

Item 1 and item 3 will not be altered by the AEG.
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All angles are in the interval (0, 2rr) radians.

Item No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17 .
18
19
20
21
22
23

24
25
26
27

28
29
30

1

Type

Integer
Integer
Integer
Integer
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real

Real
Real
Real
Real

Real
Real
Real

Byte
Length

2
2
2
2
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8

8
8
8
8

8
8
8

Units

2
ft.
Ibs.
rad.
hrs.

ER

rad.
rad.
rad.
rad.
ER

rad.
rad.
rad.
rad.
hrs.
hrs.
rad. /hr.
rad. /hr.
rad. /hr.

hrs.
rad.
rad.
ER

Identification

Spare
Initialize /update indicator
Update option indicator
Harmonics indicator
Drag indicator /K factor
Vehicle area
Vehicle weight
1, U, or Uoc

Toe •
A N

Osculating a
Osculating e
Osculating i
Osculating 1
Osculating g
Osculating h
Mean a
Mean e
Mean i
Mean 1
Mean g
Mean h
Time associated with items

11-16
i
g
h
Time to which to update

elements
f
U
R
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Item 2 — The In i t i a l i ze / in i t i a l i ze -upda te indicator can have three values:

1 0: Only osculating elements are provided. Initialize the AEG and update according to item 3.

2. 1: Osculating and mean elements, 1, g, H, f, U, and R are provided Update the' elements accord ing
to item 3 using the low e formulation in the AEG.

3. 2: Osculating and mean elements, 1, g, h, f, U,- and R are provided. Update the elements according
to Item 3 using the high e formulation in the AEG.

Item 3 — The update option indicator can be one of seven values:

1. 0: Update to the time given in item 27.

2. 1: Update to the mean anomaly given in item 8 in the orbit flN orbits from the input elements £ N
is given in item 10.

3. 2: Update to the argument of latitude given in item 8 in the orbit AN orbits from the input elements
&N is given in item 10.

4. 3: Update to a maneuver counter line which is ^N (item 10) counter lines from the reference counter
line whose argument of latitude is given in item 8, and whose crossing time is given in item 9.

5. 4: Update the input elements to the time associated with output elements of the previous block which
was processed. Compute the phase angle and return as output.

6. 5: Update the input elements to position match (phase angle equal to zero) with the previous block by
backing through the phase angle 0 to 2^. In other words the vehicle under consideration is assumed
to be leading the other vehicle represented by the previous block. Compute the phase angle at
time match, and the time lag and height difference at position match, and return them in the out-
put block.

7. 6: Update the input elements to position match with the previous block which was processed by
going forward if the phase angle at time match is greater than 180°, or by going backward if
the phase angle at time match is less than 180°. Time lag, height difference, and phase angle
at time match are returned in the output block.

When using update option 4, 5, or 6 the phase angle will be returned between -180° and 180° When up-
dating to position match, option 6 should be used for Apollo rendezvous missions.

Item 4 — The harmonics indicator can have one of three values:

1. 0: Second and fourth harmonics of the potential function will be considered

2. 1; Second, third, and fourth harmonics will be considered.

3 -1: Second and third harmonics will be considered.

Only (2) should be used in the real time system.

Item 5 — The drag indicator can be zero or nonzero. If it i's zero, no drag will be used. If it is nonzero,
the magnitude should be the K factor, which is nominally equal to 1. If it is nonzero, a reentry test will
be made in the drag program, and the error indicator set to -2 if a radius magnitude in the update interval
becomes less than one Earth radius plus fifty nautical miles.

Items 6 and 7 — The vehicle's area and weight should be furnished if item 5 is nonzero.

Item 8 — See item 3, (2). (3), and (4).

Item 9 — See item 3 (4).

Item 10 — See item 3 (2). (3), and (4).

Items 1 1 - 1 6 — Osculating Keplerian elements to be updated.

Items 17-22 — Mean Keplerian elements, which should be furnished if item 2 is nonzero.

Item 23 — Time associated with items 11-16.

Item 24 — Mean anomaly secular rate, which should be furnished if item 2 is nonzero.

Item 25 — Argument of perigee secular rate, which should be furnished if item 2 is nonzero.

Item 26 — Argument of ascending node secular rate, which should be furnished if item 2 is nonzero

Item 27 — If item 3 'is zero, this cell should contain the time to which to update the input elements If
item 3 is nonzero, this cell should contain the time associated with the input elements, which is the same
as item 23.

Item 28 — True anomaly associated with input elements, to be furnished if item 2 is nonzero.

Item 29 — Argument of latitude associated with input elements, to be furnished if item 2 is nonzero

Item 30 — Positior. magnitude associated with input elements, to be furnished if item"2 is nonzero.
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Table 3. Output Block Format

Item No.

1
2
3
4
5
6
7
8

9

10

11
12
13
14
15
16
17
18
19
20
21
22
23

24
25
26
27

28
29
30

Type

Integer
Integer
Integer
Integer
Real
Real
Real
Real

Real

Real

Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real

Real
Real
Real
Real

Real
Real
Real

Byte
Length

2
2
2
2
8
8
8
8

8

8

8
8
8
8
8
8
8
8
8
8
8
8
8

8
8
8
8

8
8
8

Units

2
ft .
Ibs.
ER

hrs.

rad.

ER

rad.
rad.
rad.
rad.
ER

rad.
rad.
rad.
rad.
hrs.

rad. /hr.
rad. /hr.
rad. /hr.
hrs.

rad.
rad.
ER

Identification

Spare
Initialize/ update indicator
Update option indicator
Harmonics indicator
Drag indicator /K factor
Vehicle area
Vehicle weight
Height difference (if item 3 =

5 or 6; otherwise, same as
input)

Time lag (if item 3 = 5 or 6;
otherwise, same as input)

Phase lag (if item 3 is 4, 5,
or 6; otherwise, same as
input)

Osculating a
Osculating e
Osculating i
Osculating 1
Osculating g
Osculating h
Mean a
Mean e
.Mean i
Mean 1
Mean g
Mean h
Time associated with up-

dated elements
1

g
n
Time associated with up-

dated elements
f
U
R
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Explanation - Table 3

Item 2 — This indicator is set to 1 if the low e initialization path was taken, or
if it was 1 when input. It is set to 2 if the high e initialization path was taken,
or if it was 2 when input.

Items 3-7 — Same as input.

Items 8-10 — As defined in table.

Items 11-16 — Updated osculating elements.

Items 17-22 — Mean elements associated with input/output items 11-16.

Item 23 — Time associated with updated elements.

Items 24-26 — Secular rates of mean anomaly, argument of perigee, and longi-
tude of ascending node, respectively.

Items 28, 30 — True anomaly, argument of latitude, and radius associated
with updated elements.
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a. Symbol — PMMDAN
b. Program Name — Analytic Ephemeris Generator (AEG) Day/Night

Determination
c. Programming Group — Rendezvous Planning
d. Programmer — M. R. Secondo
e. Language — Assembler
f. Data Tables Used — GZGENCSN
g. MED's Used — P80
h. Writeup Completion Date — 11/16/67
i. System Parameters — Table PMMDAN-1
j. Flowchart — Figure PMMDAN-4

FUNCTION

Given a set of vehicle elements (AEG format), PMMDAN will return the
time and nature of the next one or two (optional) environment changes.

USAGE

LINK EP=PMMDAN, PARAM=(ELM, IND, ERR,a. Calling Sequence
Tl, T2)

b. Inputs — The following quantities must be provided by the calling
program:

1. ELM is a 27 doubleword array in standard AEG format; PMMDAN
uses this array. No provisions are made for saving the input ,
quantities.

2. IND is one word of storage indicating whether one or two pre-
dictions are desired; that is, IND=1 or IND=2.

c. Outputs and Exit — The following quantities will be returned by
PMMDAN:

1. ERR is one word for an error return. The values are indicated
in the Usage section of this writeup.

2. Tl is a doubleword for the time of the upcoming environment change.
3. T2 is a doubleword for the time of the next environment change.

For both Tl and T2, a positive time indicates an upcoming environment
of daylight and a negative time for darkness. If an error exists, both
of these values will be set to zero.

d. Other Programs Used — GIMIKC, PMMAEG, DARCOS, DARSIN,
DSQRT, PIEFEM

Approval Approval
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e. Data Restrictions and Limits — None
f. Error — ERR < 0, same as PMMAEG error returns

ERR = 1, orbit is totally in daylight
ERR = 2, convergence failure
ERR - 0, no error

METHOD

The derivation is basically a function of the sun's position, satellite orbital
elements, and the shadow of a spherical Earth. From this information, the
time and nature of the upcoming environment change(s) can be computed. The
sun's rays are considered to be parallel; hence no attention is given to refraction,
diffusion, semidiameter or parallax. For the purposes of this program, these
factors do not introduce significant error.

From Figure PMMDAN-1,

R.RS

cos 9 =
iRl I Re

R = satellite position vector
RS = sun position vector

For cos 8 ^ 0 , the satellite is in daylight because it is less than (or equal to)
90 from the sun (central angle). If cos 9 < 0, more information is needed.

Noting that sin 3 = - cos 9, then cos |3 = + vl - (- cos 9). Now if

|R| cos p :> Re (radius of the Earth), it can be seen that the satellite is not yet
in the Earth's shadow, and hence the present environment is daylight. Con-
sequently, if |R| cos g< Re, the present satellite environment is darkness.

Sun

Figure PMMDAN-1
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The nature of the upcoming environment change is now known (by virtue of
knowing the present environment). To determine the time of the environment
change, it is first necessary to compute

' _ _ R s x h _ _ _ _
N'1" = where h = R x V (V = satellite velocity vector).

N* lies along the intersection of the orbital plane and the plane normal to R . If
the present environment is daylight, N* is set negative; otherwise it is used as
computed.

Basically, the three angles cp , cp , and cp , will be computed. The angle

between R and N"*" is cp , (0 £ cp ^ IT). The angle between N* and environment

change is cp (0 < cp < 7T/2). The angle through which the satellite must travel

to change environment is cp (0 ^ cp < 2f f ) ; cp is computed from cp and cp .
J J J ± £,

It can be seen that

cos
R • N*

And, for the computation of cp

R
e ./ 2cos q :; —•=-: sin a = vl - cos q

R - h"s " / 2cos -n - —— — sin r\ -y 1 - cos r\

From the spherical triangle in Figure PMMDAN-2,

sin cp.,
^2 _ sin a

sin 77/2 sin T\

or cp2 = sin
-1 sin a

sin TI
0 < cp < 7T/2

Sin T| ^ a indicates that the upcoming prbit is totally in sunlight, and, for
purposes of this program, an error exists.
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After cp is properly determined, it is divided by the mean motion of the

satellite in order to add the time increment to the present time and advance the
AEG to the new time. This will give a new set of elements for recomputing cp .

The process is repeated until a time increment test is satisfied, or an iteration
limit is exceeded. The final result is the time of the upcoming environment
change.

R

Orbital Plane

Figure PMMDAN-2,

If two predictions are desired, the same method is used for finding the
time and nature of the first environment change. To compute the second change,
an estimate is made for cp , and the iterative process is used for finding the
time of the next change.
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That is, let

= 7T + 2 0 < cp < 7T/2 for an upcoming change
to darkness

-7T/2<cp <0 for an upcoming change
to daylight

Earth

Figure PMMDAN-3

If the satellite is at the entrance point to darkness,

AT =•

(1 + g)

will put it at the entry point into daylight. The converse also holds true. The
next step is to reenter the program, and,using the AEG, find a time corres-
ponding to this next environment change
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PMMDKI-PCMDKI
DOCKING INITIATION CONTROL LOGIC

SUBROUTINE

REFERENCES

1. Programming Group — Rendezvous Planning
2. Programmers — R. Barrett, T. Hickey
3. Language — Assembler
4. Writeup Completion Date — 5/13/68
5. Data Tables Used — PZDKIT, PZDKIELM, GZGENCSN
6. MED's Used — K05, KOO, KOI, M07
7. Flowchart — Figure 1

FUNCTION

This section of the load module PMMDKI has the control logic responsibilities
for the entire unit. All MED requests are routed to this CSECT for control of
all calculations using the math CSECT1 s PCPICK, PCTETR, and the necessary
load modules for other computations.

USAGE

1. Calling Sequence — All MED requests = RTATTACH EP = PMMDKI
2. Inputs — KOO or KOI MED parameters, and initialization quantities

from K05 MED
3. Outputs and Exit — Data tables PZDKIT, and PZDKIELM. Exit is via

both a XCTL to PMMXFR for M70, and a RETURN macro for KOO and KOI .
4. Other Programs Used — CSECT PCPICK, PMMAEG, PMXSPT,

PMMSPQ, PMSTICN, PMMMLC, PMMPHL, PMMITL, PMMSCH
5. Data Restrictions and Limits — None other than restrictions controlled

by MED logic
6. Error — The following error messages may be printed on line during

execution of this load module:
a. "PMMDKI - A REENTRANT TRAJECTORY IN PMMPHL. PLAN

b. "PMMDK] - A REENTRANT TRAJECTORY IN PMMSPQ. NO PLAN
GENERATED."

c. "PMMDKI - UNABLE TO SCHEDULE PLAN IN PMMSCH. PLAN DE-
LETED. "

d. "PMMDKI - PLANV x FAILED TO CONVERGE IN PMMITL. PLAN
RETAINED. "

Approval Approval
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e. "PMMDKI - UNABLE TO OBTAIN TWO IMPULSE SOLUTION. NO
PLAN TRANSFER."

f. "PMMDKI - UNABLE TO ADD TWO IMPULSE SOLUTION TO SPQ.
NO PLAN GENERATED. "

g. "PMMDKI - CONSTRAINT MINIMUM — VIOLATED IN PMMSPQ.
(TIME, DELTA V, OR PERIGEE)

h. "PMMDKI - DKI OR SPQ ELEVATION ANGLE PRIOR TO PRE-
VIOUS MANEUVER. NO PLAN GENERATED. "

All other error conditions are set internally for the appropriate action.

METHOD

1. DKI Generate

Upon receipt of the KOO MED, the DKI control logic reads the GZGENSCN
data table for its initialization quantities and moves these and the MED
quantities into a common area for further use. A queue is sent to the
Maneuver Line Definition Program (PMMMLC) to set up the analytic ephem-
eris generator (AEG) initial block and a maneuver line definition.

For each plan requested, a queue is sent to the maneuver scheduling unit
(PMMSCH), the maneuver computational unit (PMMITL), and to the ter-
minal phase maneuver computations (PMSTICN). If all units are able
to complete their computations, the plan is saved, and the elements
before and after each maneuver are stored.

2. SPQ Generate

Upon receipt of the KOI MED, the logic loads the common area of PMMSPQ
and PMMDKI with the MED requests, the K05 initialization quantities, and
the AEG elements for the chaser vehicle and target vehicle. The AEG
elements are computed by PMMMLC as in the KOO MED, but no maneuver
line is computed. A queue is sent to the co-eliptic sequence unit
(PMMSPQ) to compute a rendezvous solution. If the unit completes its
computations, the terminal phase maneuvers are computed by PMSTICN,
and the plan is saved as well as the elements before and after each maneuver.

Upon completion of both the KOO and KOI computations, a queue is sent
through the display control logic GMSNAP to update the Rendezvous
Evaluation Table Display and the Rendezvous Planning Table Display.

68-1841
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3. Transfer DKI

Upon receipt of the DKI transfer request, the plan requested is read
from the data table, the elements after the last maneuver are updated
to TPI time, and the terminal phase maneuvers are computed by PMSTICN.
A queue is then sent to the maneuver control logic PMMXFR for trans-
ferring the plan to the Mission Plan Table.

68-1841
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PMMDKI-PCPICK
APOGEE, PERIGEE, AND OFFSET DETERMINATION

REFERENCES

1. Programming Group — Rendezvous Planning
2. Programmer — R. Barrett
3. Language — FORTRAN IV
4. Wri teup Completion Date — 5/13/68
5. Data Tables Used — None
6. MED's Used — None
7. Flowchart — Figure 1

FUNCTION

The purpose of PCPICK is to compute phase, delta h, apogee and perigee
heights after a maneuver or to update the chaser and target vehicles to the time
of the TPI maneuver.

USAGE

1. Calling Sequence — CALL PCPICK (DKIZ, EL, QHAP)
2. Inputs — AEG input block for chaser and target (DKIZ) and elements

block (EL)
3. Outputs and Exit — delta height,, delta theta, apogee, and perigee after

each maneuver (QHAP)
4. Other Programs Used — PMMAEG, PCTETR, Apogee/Perigee

Determination Routine
5. Data Restrictions and Limits — None
6. Error — AEG error. An error results if PCPICK is unable to get

TPI time from PCTETR; error indicator is passed in AEG block, word 56;

METHOD

The basic problem involved in either of the two entries is to get the chaser and
target elements af ter each maneuver. This is done by going through the ele-
ments table and initializing the chaser/target elements after each maneuver.
If apogee/perigee heights are desired, PCHAPE is called to compute these
values. After the last maneuver, TPI is computed, and the AEG blocks are
updated to TPI lime, if desired. Also an options is provided to compute the
target's apogee and perigee height after the last maneuver.

Approval Approval
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PMMDKI-PCTETR
ELEVATION ANGLE SEARCH SUBROUTINE

REFERENCES

1.
2.
3.
4,
5.
6.
7.

Programming Group — Rendezvous Planning
Programmer — R. Barrett
Language — FORTRAN IV
Writeup Completion Date — 5/13/68
Data Tables Used — None
MED's Used None
Flowchart — Figure 1

FUNCTION

PCTETR is designed to compute, from input target and chaser elements, the
time of the TPI maneuver based on an input elevation angle and the time of the
TPF maneuver based on an input target terminal phase travel angle.

USAGE

1.
2.

4.
5.

6.

Calling Sequence — CALL PCTETR (AEGBLK, WT, ESP, TR, TESP)
Inputs — AEG input block (AEGBLK), terminal phase travel angle (WT)
and desired elevation angle (ESP).
Outputs and Exit — Time of arrival at elevation angle (TESP) and time
of rendezvous (TR). Exit is by RETURN macro.
Other Programs Used — PMMAEG
Data Restrictions and Limits — AEGBLK is chaser and target elements at
time match, plus AEG header and doubleword 56. First halfword is error exit
indicator.
Error — An error indicator = -1 if no solution and = 0 if valid solution.
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METHOD

PCTETR computes a phase angle, 6j. using the target radius (R_,), chaser A
radius ( R _ ) and the input desired phase angle (E i) from the following formulas: "c,

R r
9i = cos

where :

C3 = -

C4 = C2 -

A time increment AT. is found from the following:

AT. = (0 - 8.) / Au
i i

where: Au = L . + g -
c e

- g = catchup rate
l l

0 = actual phase as returned from the AEG.

If AT. ^at is a convergence tolerance, then Q ̂  Q. ;-hence chase and target

elements are TPI. If AT. >o~t, then the chaser and target elements are updated
to T + AT, and the process is repeated,

c

Error conditions may occur for two reasons. The TPI time was not found after
a maximum number of iterations, or it is determined that the chaser and target *
will never achieve a configuration such that the desired elevation angle (E •£.) I
requirements will be achieved. Therefore the triangle using R , R • and E •£•
has no solution.

TPF time is computed from the formula below:

TPF= T P I + U J t / (L + g )

68-1841
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a. Symbol - PMMDMT
b. Program Name - Detailed Maneuver Table Math
c. Programming Group - Maneuver Control

Programmer(s) - R. Taylor
Language - Assembler

d.
e.
f.
g-
h.
i.

Data Tables Used - PZMPTLEM, PZDMTLEM, EZETVMED
MED's Used - None
Writeup Completion Date - 3/17/67
System Parameters - Table PMMDMT-1
Flowchart — Figure PMMDMT-1

FUNCTION

This program uses the auxiliary output table from the LM Runge-
Kutta integrator to supply finite burn and post maneuver quantities for the
Mission Plan Table and prints a restart vector after the last executed maneuver.

USAGE

i a. Calling Sequence - LINK EP=PMMDMT
b. Inputs - Address of auxiliary output table, vehicle code,

maneuver number, scratch area
c. Outputs and Exit - Updated Mission Plan Table, updated PZDMTLEM,

and restart vector
d. Other Programs Used - DLOG, GLMDPD, DSQRT, GIMAPD,

GIMIKC, DSIN, GLQATN, DARSIN, DCOS, PMMAEG, PMXSPT
e. Data Restrictions and Limits - None
f. Error return from PMMAEG and error return from GIMAPD

METHOD

For a queue to update a maneuver block in the Mission Plan Table (MPT),
the burn initiate and burn-out vectors, AV of the maneuver, A+ of burn, cutoff
time, AV along x-body axis with ullage and tail-off, and AV along x-body axis
including ullage are stored in the indicated block; and end-time of the maneuver
is stored in the header block. If no weight change MED has been executed,
the weight after the maneuver; AV remaining for the appropriate thruster; APS,
DPS, and RCS fuels remaining; and LM ascent and descent dry weights are computed.

t

For the guided maneuvers — descent orbit injection guidance,, powered
landing guidancejand ascent guidance--AV of tail-off, pitch, yaw, roll, pitch
gimbal, and yaw gimbal values are transferred from the integrator output

Approval Approval
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table. The velocity components (Vg) are converted to the platform coordinate
system. The values for P Y R V V and V are computed using

ri, ri, ri, r , D, N
pitch, _yaw^_ roll, the reference matrix, burn initiate vectors, and Vg. In this
case, AV=V

A

Y
'N

N

0 cosY sinY

0 -sinY cosY

cosR

-sinR
(

0

sinR 0

cosR 0

0 1

cosP

0

sinP

0

1

0

- sinP

0

cosP
A
Z,

The local vertical local horizontal (LVLH) platform coordinate axes are
defined as:

A r *
7 = -— V

P r, YP
HV ' HV

A

x Z,
HV HV

where: r = position vector at burn initiate
v = velocity vector at burn initiate

The final computations are:

ZPR = sin

= tan

A

. X.
HV

N

RR = tan

-1

-1

~ A

A
xp .

_ HV
"A
Z

PHV
A
Z

HV

A

XN

A

XN

A

YN

A

ZN
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If P is equal to - *2, the equations for Y and R are:
H H H

= tan
J A

Kv
A

Yp

A

X Y N

A

PHV
A

HV' Y N

The V V V-T values are computed as:
* i D, N

A

V Y —
N =

For inertial maneuvers using .Reaction Control System (RCS) -Xthrusters
with AV option, only the total AV is taken from the integrator table. For
A+ option, the AVx-body values are set equal to AV of the maneuver and new
values for V V V are found as follows:

gx, 8y. gz

C= AVMAN(NI)
AVMAN(MPT)

= V gx(MPT)*C

Vgy
= Vgy(MPT)*C

V = V
g g (MPT)*C
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For both options, the velocity increment vector AV is:

AV = V * X + V * Y + V * Z
gx -P gy P gz P

Computations of P Y R V V and V then are as from one.
H, H, H, F, D, N

Post maneuver quantities consist of the height, latitude, and longitude
of burn initiate, longitude of the next ascending node; apogee and perigee
heights, latitudes, longitudes, and times.

Burn initiate quantities are determined by the position vector at burn
initiate.

H= r-R
e

i . - L <j$ = sin 1 —

\ef= tan f i j -

Where: r is the position vector
X, Y, Z components of r
H height above spherical Earth
R radius of spherical Earth

$ geocentric latitude -/2<$ s '2.
c c

X , Earch fixed longitude OSX f<2Ti
ef ef

X inertial longitude of Greenwich at T=O
o

UJ Earth rotational rate
e

T time

The longitude of the upcoming ascending node is based on Keplerian
elements at that point found by converting the vector after the maneuver
and using the Analytical Ephemeris Generator (AEG) to locate the node.

X = h - f X -Hi) T\ 0-X ,<21T
ef \ o e I ef

Where h is the inertial argument'of the ascending node.

Apogee and perigee quantities are provided by GIMAPD.
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The final queue to this load module results in the trajectory update
number being set positive; the output table for the Detailed Maneuver
Table (DMT) display, PZDMTLEM, being updated; and the restart vector
at burn-out of the first non-executed maneuver being printed on line.

Other computations shown on the flowchart are for two-vehicle capa-
bility and will not be used in AS-206.
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Figure PMMDMT-1. Flowchart
(Sheet 3 of 14)
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Figure PMMDMT-1. Flowchart
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Figure PMMDMT-1. Flowchart
(Sheet 6 of 14)
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Figure PMMDMT-1. Flowchart
(Sheet 7 of 14)
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(Y • Y ) <0 indicates a heads down attitude should be used, so Y = -"
T ^ B , T

If (Y • Y ) ^0, Y is unchanged for heads up attitude.
T B I

X

B

= cos P cos Y * a - cos P sin Y * Y + P * Z

-N *
= sin Y * a + cos Y * Y

B

P - Pitch gimbal angle
Y - Yaw gimbal angle (SPS) or roll gimbal angle (DPS)

The local vertical local horizontal (L,VL/H) computations are the same
all attitudes

(AV) are used.
for all attitudes and thrusters. The ignition vectors (r , V ) and a AV vector

HV

HV

H

'H

R
H

. (r x v)
|r x vl

/s
= Y, x Z,

HV

= SIN'^Z,

HV

= TAN
-1

= TAN
-1

Yp
H;x-

• X
HV

HV

B

. Z
HV

B
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If P is equal to ± TT/2, the equations for Y and R are:
H H H

RH = 0 . 0

Yljr = TAN
H

-1 HV

B
HV

where: X , Y , Z Unit vectors in the direction of the vehicle body
B B . B __ ... , _X, .Y, and £ axes.

P , Y , R Pitch, yaw, and roll respectively in the LVLH
coordinate system.

The velocity components are computed as:

AV = AV

VF = *P

vs - YP
HV

AV

AV

D

HV

HV

where V Component of AV in the local horizon plane at ignition,
. j*

perpendicular to the position vector and positive in the
direction of motion.

V Component of AV along the negative of the angular
o

momentum vector at ignition
V Component of AV along the radius vector at ignition,

positive toward the earth.

The primary external AV attitude requires computing the AV components
in the command and display coordinate system.

VF = v • x
X HV

V External AV in RTCC inertial coordinate system

-V V VD
V V V

- - Fx sx DxV = V • Y A ^ x ^
S P previously. X , Y , Z as defined

A rtV ^HV HV ^HV

VD = V ' ZP
X HV

previously.
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2. PMMEPHEM

Symbol — PMMEPHEM
Program Name — Sun - Moon Ephemeris Generator
Programming Group — Mission (500 Apollo Flight Plans)
Programmer(s) — C. R. Scott
Language — Assembler
Data Tables Used — PZEFDATA and PZEFEM
MED's Used — None

h. Writeup-Completion Date — 9/22/66
Flowchart — Figure PMMEPHEM-1.

a.
b.
c.
d.
e,
f.
g

i.

FUNCTION

This load module provides, as a function of time, ephemeris data about
the Sun, Moon, and Earth for any time from year 1965, hour 3803.99, up to
year 1970, hour 4811.99.

USAGE

a. Calling Sequence — This load module is called with a LINK or a
LOAD and CALL to PMMEPHEM, with one input array.

b. Inputs — Input is a five-word array. The first two words are a
double precision hour (universal time), and the third word is an
integer year. They give the time for which data are requested.
Every pass through the routine with a. nonzero year indicates an
initialization pass; a year equal to zero indicates that an initiali-
zation pass has been made and the hour given is a delta hour past
the time of the last initialization pass. The fourth word of the
array is an integer indicating the type of output requested (see
USAGE, f). The fifth word is used for an error indicator output.

Ephemeris data are input from data table PZEFEM (see writeup).
c. Outputs and Exit — The routine outputs the following data in

data table PZEFDATA (see writeup);

Cartesian geocentric Moon position T

selenocentric Earth position

or
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Cartesian geocentric Moon velocity/V . \

selenocentric Earth velocity (v \

Delta time (At) from initialization corresponding to the most
recent output from PMMEPHEM.

Position (r) magnitude of r . or r /

Position (r ) magnitude squared

Position (r ) magnitude cubed

Velocity ( v) magnitude of v/ , o r V
F /M

Velocity (v ) magnitude squared

Velocity (v ) magnitude cubed

Cartesian geocentric ^"r^.A or selenocentric fr"
\ b/h.J \ v

Sun position

Moon's 3x3 libration matrix (XLIB) used for converting from

selenocentric to selenogjaphic coordinates.

The following combinations of output are triggered by an input indica-
tor set to the following values:

Indicator

1

2

3

4

5

Output

rM/E'
— \
rE/M,

rM/E,

rE/M,

• f c j T / T T 1 * A A

At

At

At,

At,

r / T ^ A t ,

rS/E

TS/M,
2 3 2 3 ^ .

, At, r, r ,r , v, v ,v , r .E,

XLIB
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> Indicator Output

>

>

>

d.
e.

8 At, XLIB

The only exit is a return to the calling program.
Other Programs Used — None
Data Restrictions and Limits — The user 's input indicator is not
checked, and an invalid one will cause the routine to transfer unpre-
dictably.

The input year must be either one less than the Besselian year on
PZEFEM or equal to it. The input (universal) hour must be equal to
or greater than 35. 99 hours past the first (ephemeris) hour on the
table and less than 1403. 99 hours past it.
Errors — The error indicator is stored in the fifth word of the user 's
input array. The value of it corresponds to a certain type of error.
For a nonzero value, no other outputs are given.

Indicator

0
1
2
3
4

Error

No error; output is valid
Input year is negative
Input year is not within range of data on PZEFEM
Input hour is not within range of data on PZEFEM
Input year is zero, but base time has not been ini-
tialized
Data table PZEFEM is not initialized

METHOD

An indicator is checked to determine whether the ephemeris data table
(PZEFEM) has been DTLOADed.. ,If not,_ it is DTLOADed and the indicator is
accordingly.

set

If the input year indicates an initialization pass, the year is compared with
the Besselian year (epoch) on the data table to determine whether data of that
year can be referenced to that epoch. The requested hour is calculated as the
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number of hours from January 0 (ephemeris time) of the year previous to the
epoch. If it is not an initialization pass, the delta time is added to the base time.

The hour is then normalized with respect to the hour of the beginning of the
data table and is checked to determine if enough data are available on the data
table to interpolate for the requested hour.

The input indicator is tested to determine the type of data requested, and
the data are calculated with the Lagrangian Interpolation Formula. The formula
is

y = (x-b)(x-c) •'• (x-k) u + ... | (x-a)(x-b) ••' (x-j) ^

x (a-b)(a-c) "• (a-k) a (k-a)(k-b) v" (k-j) k

in which the values U , U , ' ' ' , U, of the dependent variable are known for the
3, U K.

values a, b, ' ' * , k of the independent variable.

A fifth-order polynomial is used, that is,

6

y
U = L C U in which

X i=l i i

TT (t-t.)

c = ̂  J

1 TT (t.-t.)

t is the relative position of x in the interval (x , x )

'3s '1

V°



CT>
cr>

in

RTCC APDLLQ PROGRAMMING SYSTEMS

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

2. PMMEPHEM

DATE 4 /21 /67 (205)
REV

PAGE 5 of 12

The interval of the dependent variable table to which the input independent
variable corresponds is calculated; then its relative position in that interval is
computed. From those and the pointer to the first known value of the dependent
variables requested, the six known values of the function are picked up, and the
output value is calculated. The known values for the next dependent variable
are picked up for interpolation, and this continues until all the dependent variables
requested are calculated.

The information is put into an array, the error indicator is set to zero, and
the array is DTWRITEn onto PZEFDATA, the output data table for PMMEPHEM.
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Figure PMMEPHEM-1. Flowchart
(Sheet 1 of 7)
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Figure PMMEPHEM-1. Flowchart
(Sheet 2 of 7)
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Figure PMMEPHEM-1. Flowchart
(Sheet 3 of 7)
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Figure PMMEPHEM-1. Flowchart
(Sheet 5 of 7)
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a. Symbol — PMMFSET
b. Program Name — Computation of Actual Height, Phase, and

Wedge Angle Offsets
c. Programming Group — Rendezvous Planning (Mission Planning)
d. Programmer — J. A. Steed
e. Language — Assembler
f. Data Tables Used — GZGENCSN, PZMPTCSM, PZMPTLEM
g. MED's Used — None
h. Writeup Completion Date — 8/15/67
i. System Parameters — Table PMMFSET-1
j. Flowchart — Figure PMMFSET-1

FUNCTION

PMMFSET computes the height, phase, and wedge angle offsets after
a CDH or NSR maneuver, and the elevation angle after a TPI maneuver.
It then queues the DKI Rendezvous Evaluation Table to display these values.

USAGE

a. Calling Sequence — RTATTACH TASK = PTMANC, EP = PMMFSET
b. Inputs — None
c. Outputs and Exit — Stores the computed values in words 36-38

of GZGENCSN. RTATTACH TASK=GTISPLAY, EP = GMSNAP,
ID = 3, PARAM = (WORD, 4, FKWORD, 4) where WORD is the
RET display TVGUIDE word, 4 the length, and FKWORD the end
of parameters.

d. Other Programs Used — PMSVEC, PMMAEG, DCOS, DSIN,
DARCOS, DSQRT

e. Data Restrictions and Limits — None
f. Error — If an error is received from PMSVEC or PMMAEG, an

= X 'FF' is stored in the first byte of word 36 in GZGENCSN, and
the above exit is taken.

METHOD

PMMFSET obtains the height difference and the phase angle and computes
the wedge angle at the endtime of either a NSR (DKI circularization) or a CDH
(SPQ co-elliptical orbit) maneuver. If the maneuver was an NSR, the three
values are placed in the General Constraints Table; the Rendezvous Evaluation
Table Display is queued; and the exit is taken. If the maneuver was a CDH,
the TPI (Terminal Phase Initiate) maneuver is sought. Elements for both
vehicles are obtained at the beginning of this maneuver, and the phase angle

Approval

4
Approval



cn
cn
•l
cn

1/1
RTC.C APDLLD PROGRAMMING SYSTEMS

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

2. PMMFSET
DATE 9 / 2 1 / 6 7 . (EORI
REV . ;
PAGE 2 of 7

obtained at its impulsive time. The phase angle is used in computing the
elevation angle, which is stored with the height difference and the wedge angle
in GZGENCSN; the RET Display is queued; and the exit taken. If there is no
TPI maneuver, the elevation angle is set to zero, and the above procedure
is followed. (For further details, see Figure PMMFSET-1.)

The following formulas are used in the computation of the wedge angle
and the elevation angle:

wedge angle = cos | cos (i ) cos (i ) + sin (i ) sin (i )
L_ C J. ,C J.

cos

elevation angle = cos
-1 (rx)2 (sin2 0)

(r )2 + (r )2 - 2(r )(r )(cos 6)
C J. J. C

where:

c = the chaser (maneuvering vehicle),
T = target (non-maneuvering vehicle),
i = angle of inclination,
h = the argument of the ascending node,
r = position magnitude, and
9 = the phase angle.



RTCC APDLLD PROGRAMMING SYSTEMS

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

2. PMMFSET
DATE 9/21/67
REV
PAGE 3 of 7

(EORP)

<u
<D

(6
0.

6
4)

CO

I
H
W

(X
0)

I—I

n)
H

U)

C
<Ugg
o
O

'£
D

0)
a
H

4)

,5 §*

S
y

m
b

o
M

a
st

e
r

•2 g
^ IT)
O M

XI 00

• 1-4

O

o

H

Q

i— i
0,

M
C

M
T

;

11

Ul
I I I
w a x

it

61 .
V I u.



CT>
I RTCC AppLLO PROGRAMMING. SYSTEMS

* ' ' ' * * '

BOOK: MFSSION' SYSTEMS - AS-ZOO Mis s ion Plniming

/ Pnsvec. \
»ET E L E M E A

\VEHlc-LES Ary
V E R ,

2. PMMFSET .

DATE 9 / 2 I V 6.7- IE on
REV
PAGE 4 of 7 ,

Figure PMMFSET-1. Flowchart

(Sheet 1 of 4)



UD

IBV% RTCC APDLLD PROGRAMMING SYSTEMS

BOOK: MISSION SYSTEMS - AS-ZOO Mission Planning

/
/GET

\«-° AH AT'V

A

T4«

Z. PMMFSET
DATE 9 /21 /67 -
REV
PAGE 5 of 7

(EORP)

8uc

THE

"^ SET
A/V&

£Lf V ATI<|>^
LE - iefi4>

•> y

-X A

Figure PMMFSET-1. Flowchart
(Sheet 2 of 4)



0>

l/l

RTCC A P n U I _ D , ~ P R D G R A M M I N G SYSTEMS

BOOK: MISSION SYSTEMS -. AS-200 Mission Planning

rr

2. PMMFSET

DATE 9/21/67
REV
PAGE 6 of 7

cr PHASE
TPI

Figure PMMFSET-1. Flowchart

(Sheet 3 of 4)



v£>

Ier> RTCC APDLLD PROGRAMMING SYSTEMS

BOOK: MISSION SYSTEMS - AS-ZOO Mis s ion Planning

/ RTATTACH \

'Queue
OISPUAY

RETURN

2. PMMFSET
DATE 9 /21 /67
REV
PAGE 7 of 7

(EORP)

3b-3«

Figure PMMFSET-1. Flowchart
(Sheet 4 of 4)



RTCC APOLLD PROGRAMMING SYSTEMS

BOOK: MISSION SYSTEMS -AS-200 Mission Planning

2. PMMFUD
DATE 6 /22 /67
REV

PAGE 1 of 10

(206)

a. Symbol - PMMFUD

b. Program Name - Freeze, Unfreeze, Delete Processor
c. Programming Group- Mission Planning
d. Programmer(s) - E. Kramer
e. Language - Assembler
f. Data Tables Used - PZMPTLEM, PZMPTS4B

MED's Used - M62
Writeup Completion Date - 5/09/67
Parameter List - Table PMMFUD-1
Task Subpool List - Table PMMFUD-2
Flowchart — Figure PMMFUD-1

g
h
i.

j.
i.

FUNCTION

PMMFUD freezes, unfreezes, deletes, and history-deletes
maneuvers in the Mission Planning Table (MPT).

USAGE

a. Calling Sequence - RTATTACH TASK = PTMANC
EP = PMMFUD, ID = 40.

b. Inputs - Vehicle Code, maneuver number, desired action
c. Outputs and Exit - Change MPT according to action if valid and

RETURN except on future delete on which it XCTL's to PMSVCT
d. Other Programs Used - None

e. Data Restrictions and Limits - None
f. Error - If any error conditions are encountered, an appropriate

comment is printed on line, and the program exits.

METHOD

There are four possible actions taken by the program- freeze
maneuver(s), unfreeze maneuver(s), delete future maneuver(s), and delete
executed maneuver(s).

If freezing is requested, there is a check to see if the indicated
maneuver is frozen; if not, it (and all prior maneuvers to it) is frozen. If
it already is frozen, an error comment is printed on line.

If unfreezing is requested, there is a check to see if the indicated
maneuver is frozen; if so, it and all subsequent maneuvers are unfrozen. If
it was not frozen, an error comment is printed on line.
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If a future delete is requested, a check is made to see if the
maneuver is non-executed, and non-frozen; if so, it and all subsequent
maneuvers are deleted, and a trajectory update is queued. If one of the
tests fail, an appropriate comment is printed on line.

If a history delete is requested, a check is made to see if the
maneuver is executed; if so, it and all prior maneuvers are deleted. If
it is not executed, an error comment is printed on line.
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QUEID — 40

From — GMSCTRL

Purpose — Freeze, unfreeze, or delete
maneuvers

QNAME -

To-Task

EP —

GQ1CTL

PTMANC

PMMFUD

Byte
No.

Type* Units Value / Description / Comments

1-4 Address of Subpool 1

•Type
H — Fi«<l-polnl half word
F — riicd-polnl full word

C * Single-precision (floatiof-point)
O — Double-preeliion (noatinf-poiat)
X — Hr«ideclm»l
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Table PMMFUD-2. Task Subpool List

Subpool Number 1

Symb.
Ref.

VEHICLE

MANVNUM
ACTION

Byte
No.

1-4
5-8
9-12
13-16
17-20

21-24
25-28

Type*

F
F
F
F
F

F
F

Units

-

Value / Description / Comments

Address of vehicle ID
Address of maneuver number
Address of desired action code
Spare
Vehicle ID 1 = CSM

2 = S-IVB
3 = LM

Maneuver number
Desired action 0 = Future delete

1 = History delete
2 = Freeze
3 = Unfreeze

'Type
H — Fixed-point half word
F — Fixed-poirt full word

E — Single-precuion (floating-point)
D — Double-precicion (floating-point)
X — Hexidecimal
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a. Symbol - PMMGPM
b. Program Name - General Purpose Maneuver Load Module
c. Programming Group - Rendezvous Planning
d. Programmers - J. W. Loyde, T. M. Hickey, E. M. Kramer
e. Language - Assembler, FORTRAN IV
f. Data Tables Used - PZGPMDIS, PZGPMELM, GZGENCSN
g. MED's Used - K20, K21, K22, K?.3, K24
h. Writeup Completion Date _ 10/27/67
i. Optional Inputs - Table PMMGPM-1
j. System Parameters - Table PMMGPM-2
k. Parameter List - Table PMMGPM-3
1. Functional Flowchart (PCGPMP) -PMMGPM-1
m. Mathematical Flowchart (PCGPMP) - PMMGPM-2

FUNCTION

PMMGPM computes any one of several types of general purpose maneuvers (as
specified by optional inputs) to provide for display a table of maneuver
execution parameters and a table of trajectory elements associated with the
maneuver.

USAGE

a. Calling Sequence - XCTL
b. Inputs - See Parameter List, Table PMMGPM-3.
c. Outputs and Exit - PZGPMELM, PZGPMDIS. Exit via RETURN.
d. Other Programs Used - LINK, PMMAEG, PMXSPT, DTREAD, DTRITE, DEXP,

DSIN, DCOS, DSQRT, DATAN2, DARSIN, DARCOS, GIMAPD
e. Data Restrictions and Limits - See documentation of the K20, K21,

K22, K23, and K24 MED's. .Also see METHOD below.
f. Error - One or more of the following messages may result from the

computation of a GPM.

PMMGPM - GOOD GPM MANEUVER.
PCGPMP - ILLEGAL REQUEST, MANEUVER CANNOT BE PERFORMED IN THIS ORBIT.

PROCESSING HALTED.
PCGPMP - ILLEGAL REQUEST, MANEUVER CANNOT BE PERFORMED AT THIS POINT IN

THE ORBIT. PROCESSING HALTED.
PCGPMP - AEG FAILED TO CONVERGE. PROCESSING CONTINUED.
PCGPMP - UNRECOVERABLE AEG ERROR. PROCESSING HALTED.
PCGPCR - AEG FAILED TO CONVERGE. PROCESSING CONTINUED.
PCGPCR - UNRECOVERABLE AEG ERROR. PROCESSING HALTED.
PCGPCR - CANNOT FIND DESIRED HEIGHT. (SMALL E CASE) PROCESSING

CONTINUED.
PCGPCR - FAILED TO CONVERGE ON DESIRED RADIUS. PROCESSING CONTINUED.

Approval Approval
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PCGPLN - AEG FAILED TO CONVERGE. PROCESSING CONTINUED.
PCGPLN - UNRECOVERABLE AEG ERROR. PROCESSING HALTED.
PCGPLN - FAILED TO CONVERGE ON TIME OF ARRIVAL AT GIVEN LONGITUDE.

PROCESSING CONTINUED.

Other - There are seven CSECTS that comprise PMMGPM.
functional description follows:

A list and

6.
7.

PCMGPM - In addition to being the entry point, this program
arranges the MED inputs, fetches the system parameters, and queues
the math program (PCGPMP) and display program.
PCGPMP - This is the math program and contains the equations
necessary for computations of GPM's. See METHOD.
PCGFCI - This CSECT computes the Flight Controller Special Inputs
options and is inherently part of PCGPMP. It is a separate CSECT
due to early FORTRAN Compiler restrictions. See METHOD.
PCGPLN - This program computes time of arrival at a desired
longitude. The method used is as documented in AMGPLO.
PCGPCR - This program computes time of arrival at a desired height.
The method is as documented in MLTCIR.
PCBLAK - This program sets up the data table names.
GCMAPD - This program determines apogee/perigee information and
is documented in GIMAPD.

METHOD

To assist in describing the method used in PCGPMP and PCGPFI, an additional
flowchart has been included, which shows the mathematical equations used in the
formulation. To describe the method used, it is first necessary to discuss the
logic used to arrive at a maneuver point. There are three general cases:
(1) the maneuver is to be done when the elements are input to the GPM at that time
which is the maneuver point; (2) the maneuver is to be performed at a longitude
(Earth-fixed), altitude, apogee, perigee, or equatorial crossing (in which case,
the elements are input at a threshold time, and the first upcoming maneuver point
is chosen by using auxiliary routines such as GIMAPD, PCGPLN, PCGPCR, and the
AEG); (3) the maneuver is of the optimum type (in which case, the elements are
input at a threshold time, and the upcoming maneuver point is chosen by the GPM).

After determining the maneuver point, the elements at this point are used
to compute the display quantities: height, latitude, and longitude of the
maneuver. Following these computations, the appropriate formulation is executed
to determine the orbital elements after the maneuver. For all maneuvers except
the flight controller inputs, the AV, pitch, and yaw are computed next based on
the elements before and after the maneuver. These quantities are input for
the flight controller input maneuvers. The AT of burn duration is approximated
using SPS thruster information and neglecting ullage and tail-off. Finally,
the post-maneuver quantities are calculated based on the orbital elements after
the maneuver.
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More specific information about the methods used in each type of maneuver is
given below.

a. Plane Change - It should be emphasized that this is a plane change
and not an inclination change. The orbital plane is rotated through
the input wedge angle about the position vector maintaining the
original velocity. The wedge angle is considered positive counter-
clockwise, as viewed by looking down the position vector.

b. Circularization - A first estimate is made at circularization by
setting the eccentricity and the radial component of velocity to
zero, and computing the appropriate velocity for a circular orbit
at the maneuver point. Then the formulation for a height change is
used by setting the desired height (180° around from the maneuver
point) equal to the height of the maneuver point. See case d of
Method.

c. Optimum Maneuver to Change the Height of Apogee or Perigee - The
optimum place at which to alter apogee height is perigee; and
conversely, the optimum place for altering perigee height is apogee.
An impulsive AV correction is computed based on the height change
desired. The AV is applied along the velocity vector, and the
elements after the maneuver are then computed based on the new
velocity. The resultant apogee or perigee height is then found.
This procedure is repeated until the height tolerance is met or
until five iterations are made. It should be noted that if the
maneuver request results in apogee and perigee being within twenty-
four nautical miles of each other, the formulation for a height
change (180° around) is used. This is to preclude the switching
back and forth of apogee and perigee due to Keplerian approxi-
mations as the program iterates.

d. Height Change 180° Around from the Maneuver Point - An impulsive
AV is computed based on the desired height change. This AV is applied
in the local vertical - local horizontal plane, and the elements
after the maneuver are computed based on the new velocity. The
height 180° around is found based on the new elements. This
procedure is repeated as in case c, but it is insensitive to the
switching of apogee and perigee. For many cases, it may not be
too efficient in the application of AV.

e. Optimum Nodal Shift - The method used is to change only the argu-
ment of the ascending node and leave the remaining orbital elements
unchanged. The maneuver point is computed on the basis of the

* It should be noted that this is not actually optimum (from a AV
viewpoint) but for relatively small shifts (5° or so) it is very
close to optimum and has the desirable feature of not changing the
inclination.
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inclination after being equal to the inclination before the maneu-
ver. With the elements at the maneuver point, the general nodal-
shift formulation is used. (See case f of Method.) It might be
noted that no iteration is done on the maneuver point because it is
only affected by the variation in inclination, which is small.

Nodal Shift - The desired amount of nodal shift is used to compute
the elements after the maneuver by a method similar to that described
in case a. The shift is considered positive eastward.

Optimum Maneuver to Change Apogee and Perigee Heights - There are four
cases to be considered:
1. Raise apogee and perigee
2. Lower apogee and perigee
3. Raise apogee and lower perigee
4. Lower apogee and raise perigee.

The assumption made for cases 1 and 2 is that the optimum way to
perform the maneuver is to thrust along the velocity vector. This
assumption is theoretically correct. The maneuver point is located
by assuming the flight-path angle after the maneuver is equal to
the flight-path angle before the maneuver, and by solving for the
necessary height of the maneuver point. The assumption made for
cases 3 and 4 is to change the a and e without shifting the line of
apsides. In other words, the true anomaly after the maneuver is
equal to the true anomaly before the maneuver. This assumption is
apparently not the theoretical minimum, but tests have shown it to
be sufficiently close.

Because of the variations in a and e, the maneuver point is iterated
upon in all cases. After the maneuver point is located, the general
formulation for changing apogee and perigee heights is used. (See
case h of Method.) Before performing any computations, a check is
made to see if the maneuver can be performed (the present and desired
orbits must have an intersection), and the request is rejected if
illegal.

Maneuver to Change Apogee and Perigee Heights - After reaching the
requested maneuver point, the elements are computed based on the
desired apogee and perigee heights. The apsidal heights actually
produced by the elements are then computed. Corrections are made
based on the last apsidal values obtained, and this procedure is
repeated. The possibility exists that the maneuver cannot be per-
formed at the requested maneuver point, but could be at some other
point in the orbit. The height of the requested maneuver point must
be between the requested apogee and perigee heights, or the maneuver
cannot be computed.
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Maneuver to Shift the Node and Change the Height 180° Around from
the Maneuver Point - This maneuver is computed using the formulation
for cases d and f of Method. Once at the desired maneuver point t case
f is used to compute the nodal shift. The elements after the nodal
shift are then used as the elements before the height change, for
which case d is used. The elements after the final step show the
effect of the nodal shift and height change.

Flight Controller Inputs - The AV, pitch, yaw, and maneuver point are
input. The AV is resolved into three components: the horizontal in-
plane, horizontal out-of-plane, and radial. The radial and horizon-
tal in-plane components (there is no out-of-plane) of the original
orbit at the maneuver point are computed, and the new velocity is
calculated. The orbital elements after the maneuver can then be
computed from the new velocity components.

Maneuver to Shift the Line of Apsides and Obtain a Height 180° Around
from the Maneuver Point - This maneuver results in an orbit in which
the maneuver point is one apsis, and the requested height is the other
apsis. A first estimate to the required elements is made, and then the
formulation for d is used. It should be noted that this maneuver (AHL,
AHT, AHH) applies only for EORP.
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DTROUTE, RTQCNTRL, RTATTACH Macros

Macros - RTATTACH TASK = GTISPLAY, EP = GMSNAP, ID = 3, PARAM = (IFN, 4, MINUS, 4), I
DPRIOR = PRIOR75

Purpose - Update the GPM Display
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Maneuver
Code

11 PCE

12 PCL

13 PCT

14 PCH

15 CRL

16 CRH

17 HAO

18 HPO

19 HOL

20 HOT

21 NSO

22 NSL

23 NST

24 NSH

25 HBO

26 HBL

27 HBT

28 HBH

29 NHL

30 NHT

31 FCE

32 FCL

33 FCT

34 FCH

35 FCA

36 FCP

37 AHL

38 AHT

39 AHH

Item 4

"D

^AHD
' AHD
AHD
AHD

HD
HA
HA
HA
HA
AHD
AHD
AV

AV

AV

AV

AV

AV

HD

Item 5

XD

XD

XD

XD

Hp

HP
Hp

Hp
XD

P

P

P

P

P

P

XD

Item 6

AH

AW

AW

AW

Ah

Ah

Ah

Ah

HD
Ah

Ah

Y

Y

Y

Y

Y

Y

H

H

H

Item 7

XD

XD

HD

Decoding
MED

K20
1

1'
K22

K23

K23

K21

|

K24

K24

K24

AW - Desired wedge angle change

XD - Desired maneuver longitude

H_ - Desired maneuver height

AH - Desired change in height

Ah - Desired change in the ascending node-

H. - Desired apogee height after the maneuver

1L, - Desired perigee height after the maneuver

AV - Input incremental velocity magnitude of the maneuver

P - Input pitch of the maneuver

Y - Input yaw of the maneuver

H - Desired height 180° around from the maneuver point
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QUEID — NA

From — NA

Purpose — NA

QNAME — NA

To-Task — NA

EP — NA

Byte
No.

0
4
8
16
24
32
4S0
48
56
60
64
68
72-399
400
408
416
424
432
440
448
456

464
472
480
488
492

Type*

F
F
D
D
D
D
D
D
F
F
F
F

D
D
D
D
D
D
D
D

D
D
D
F
F

Units

hr.
hr.

Er

rad.
rad.
rad.
rad.
hr.

ft. 2
Ib.

Value / Description / Comments

Vehicle Code
Maneuver Code
Vector time
Threshold time
Item 4 (see Table PMMGPM-1)
Item 5 (see Table PMMGPM-1)
Item 6 (see Table PMMGPM-1)
Item 7 (see Table PMMGPM-1)
Thruster - vehicle 1 (not used)
Attitude - vehicle 1 (not used)
Thruster - vehicle 2 (not used)
Attitude - vehicle 2 (not used)

a
' e i
i Keplerian elements •>
1
g
h
Time of the above elements
K-factor (drag coefficient)

Area
Weight
Station ID
QUEID

•Tvpe
H — Fl«*d-point hall »urd
F — Fiied-poinl full word

E — Single-precision (fto*tin|-point)
D— Double -precision (floating-point)
X * HcKiderim*!
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a. Symbol — PMMHMN
b. Program Name — History Maneuver Load Module
c. Programming Group — Maneuver Control
d. Programmer(s) — J. Myers
e. Language — Assembler, FORTRAN IV
f. Data Tables Used — PZMPTLEM, GZLTRA
g. MED's Used — M60
h. Writeup Completion Date — 3/22/67
i. Parameter List — Table PMMHMN-1 and 2
j. Task Subpool List — Table PMMHMN-3
k. System Parameters — Table PMMHMN-4
1. Flowchart— Figure PMMHMN-1

FUNCTION

The purpose of PMMHMN is to provide the capability for confirming all
types of LM maneuvers that have been previously executed. It provides the
capability to change certain maneuver quantities in the past so that current
mission data will reflect maneuvers as they actually were performed. This
load module updates specific words in block one and in the input history
maneuver's block in the LM Mission Plan Table (PZMPTLEM), but it does
not completely update the maneuver's block.

USAGE

a. Calling Sequence — LINK EP=PMMHMN, PARAM=(MED, VECT)
b. Inputs — See Tables PMMHMN-1 and 3
c. Outputs and Exit —

For the input History Maneuver the following quantities are updated
in the LM Mission Plan Table (PZMPTLEM):

1. In all cases, the following are updated:

(a) Trajectory update number (block 1)
(b) Time to begin maneuver (block 1 and word 3 of maneuver's

block)
(c) Attitude and Thruster Code (bytes 1-4 of word 1 of maneu-

ver's block)
(d) Termination code (bytes 1-2 of word 2 of maneuver's block)
(e) At of ullage (word 4 of maneuver's block)
(f) At of maneuver and A v of maneuver (words 5 and 6 of maneu-

ver's block)

Approval

\a > CL. 7/7c^£^3

Approval

.JO^JU^UKLX
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A A A
(g) X , Y , Z (words 10-18 of maneuver's block)

P P P
(h) GMTI (word 75 of maneuver's block)
(i ) Vehicle code (bytes 5, 6 of word 115 of maneuver's block)
(j ) Dock/Undock Indicator (bytes 7, 8 of word 115 maneuver's

block)
(k) At of tail off (word I'l6 of maneuver's block)
(1 ) Thruster and attitude part of EBCDIC maneuver purpose

code (bytes 3,4 of word 117 of maneuver's block)

2. For a LM Reaction Control System (RCS) maneuver, the
following are updated in input maneuver's block:

(a) Pitch, Yaw, Roll (words 7-9)
(b) AV (word 65), A V (word 68); and if AV was input,

_L o
AV (word 66) and AV (word 67).

Ci X.BT
(c) V , V , V (words 76-78)

gx gy gzv

(d) P , Y (words 85 and 86)
g g

3. For an LM descent orbit injection guidance maneuver, the
following are updated in input maneuver's block:

(a) Yaw (word 8)
(b) Ullage thruster option (bytes 5, 6 of word 2)
(c) reword 19)

4. For a LM powered landing guidance maneuver, the following
are updated in input maneuver's block:

(a) Yaw (word 8) \
(b) Ullage thruster option' (bytes 5,6 of word 2)
(c) CPT6 in RTCC inertial coordinate system (words 19-21)
(d) a^(words 22-24)

( f ) tF(word25)

(g) CPT6 in LM IMU coordinate system (words 31-33)

5. For an LM ascent guidance maneuver, the following are updated
in input maneuver's block:

(a) Yaw (word 8)
(b) Ullage thruster option (bytes 5, 6 of word 2)
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(c) tA(word 19)

(d) r in RTCC inertial coordinate system (words 20-22)

(e) R (word 23)
B

(f) r~ in LM IMU coordinate system (words 31-33)

6. For a separation maneuver, the time to end venting (word 11
of block 1) is updated.

PMMHMN exits by returning to GMSCTRL :

d. Other Programs Used — GIMKIC, GIMIKC, PMMAEG, PMXSPT,
EMMRLM, GLQATN

e. Data Restrictions and Limits — None '
f. Error — There are two error conditions: (1) if there is an error

return of -1 or -2 from PMMAEG; (2) if the time to begin maneuver
is within the time span of another maneuver, prior to a previous
maneuver, or after the next maneuver. In both cases an on-line
message is printed, processing is terminated, and GPR15 is set
to nonzero. If GPR15 equals zero, then no error was discovered.

METHOD

As stated previously, the function of the History Maneuver Load Module is
to update specific maneuver quantities in the LM Mission Plan Table. Most of
these specified quantities are updated directly based upon the input MED data.
The following paragraphs discuss the method used in computing certain speci-
fied quantities from the input MED data.

The following is the method for converting Local Vertical, Local Horizontal
(LVLH) Pitch, Yaw, and Roll to Inertial jvleasuring Unit (IMU) Pitch, Yaw, and
Roll:

Given,

1. f, Vat GMTI
2. P , Y , R (pitch, yaw, roll in LVLH coordinate system)

AH * H A H

3. X , Y , Z (unit vectors in the direction of the platform X, Y,

and Z axes)
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The inertial coordinates of the unit vectors representing the L/VLH coordi-
nate system are computed from the give.n "r and "v.

PHV T* YPHV
r x v
If X Vl

A

XPHV PHV PHV

The inertial coordinates of the unit vectors representing the body axes when
pitch, yaw, roll are to be applied in the sequence yaw, pitch, roll are obtained
as follows:

A
XB

A
YB
A
ZB

=

1 0 0

0 cosR 8inRH

0 -sinRTT cosRH rl

cosP 0 -sinPH H

0 1 0

sinPTI 0 cosPTJH rl

cosYTT sinY.. 0
rl rl

-sinYu cosY^ 0rl rl .

0 0 1

A
XPHV

A
YPHV

A

_ZPHV_

Let a = sinP sinR , b = sinP cosR
ri rl ri rl

Then,

A

XB '•

A

;L =

cosYHcosPHJ XpHV +

E.*cosY,T - sinYTT cosR,.,H H H

+ [cosPHsinRH]

b#cosYTT + sin YTT sinR

[SlnYH C°SPH

"j A r
J PHV + L"

ZPHV

A r~
X^TT,r + b'

*PHV + [-Si"P
H] *•

*sinY + cosY cosR
H • ri HI

KsinY - cosY sinR~|

PHV

cosPTT cosR
L H H JPHV

The IMU pitch, yaw, and roll are then computed by the following equations,
which are derived as follows:

The IMU attitudes are applied in the sequence pitch, roll, yaw. about
the Y , Z , X axes, respectively.

B B B !
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Therefore,

B

B

1 0 0

0 cosY sinY

0 -sinY cosY

cosR sinR 0

-sinR cosR 0

0 • 0 1

cosP 0 -sinP

0 1 0

sinP 0 cosP

. A
X,

"I'
cosP cosR X + sinR Y + -sinPcosR

A I ' I A

. = sinP sinY - cosP sinR cosY
B L

+ (cosPs inY + sinP sinR cosYJ Z

+ cosR cosY Y']
L_

Z = sinP cosY + cosP sinR sinY X + | - c o s R s i n Y | Y,

P "1 A

+ cosP cos Y - sinP sinR sinY Z

linYJ Xp + UcosR sinYJ

By taking the appropriate dot products and solving the resulting expressions,
the equations for pitch, yaw, and roll are obtained:

Pitch = tan
-1

A

X

Roll = sin

Yaw = tan -1
A

Y.
A

Y.
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These equations are valid except where roll = 90 degrees or 270 degrees.
In these cases, the following equations should be used for pitch and yaw:

Yaw = 0

Pitch = tan
-1

~Az
B

A

_ZB '

A
J£

P

A

ZP_

The following is the method used to compute V , V , V (coordinates
gx gy gz

of AV vector in the platform coordinate system):

Given,

1. V (magnitude of thrust AV)

A
2. X (unit vector representing the X-body axis)

A A A A
3. X , Y , Z (unit vectors in the direction of the platform X, Y, and •

Z axes)

4. Thruster designation

The coordinates of the AV vector in the body coordinate system are obtained
as follows:

for RCS + X: AV = V * X_r ±5

for RCS - X: AV = -V^ * X^
X J"j

then, _
V = AV

A
X,

V = AV • Y_
gy p

V = AV • ZDgz P
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The following is the method used to convert a vector from the LM IMU
coordinate system to the RTCC inertial coordinate system:

X X X
*" X Y Z X

Y '

Z '

', ' •' l i - ' ' • ' ' ' ' ' ! ,
where: (X, Y, Z) are the coordinates of the vector in LM IMU coordinate system,

(X , Y , Z ) a're the coordinates of the vector in RTCC inertial coordinate
system, and (X , X- , X ), (Y ,iY , Y ), (Z , Z , Z ) are the

1 . , j X Y Z X Y *Z X Y Z

inertial coordinates of th.e; unit vectors in^the direction of the platform X, Y,
and Z axe s. j j' ' , , ., I

, ' ' • • • ' . • ' I
The following is the method for computing GMTI (ignition time) from the

input t (burnout time) for a Descent Orbit Injection Guidance maneuver:

(r x v) x F ' r v" - (r~ • v) r
A L~
i = | (r x v) x r * v - (r • v) r

where r, v are the position and velocity vectors in the original orbit at t
2 _i r

D
r r

D

1/2 i
DI

where r is the input desired radius magnitude 180 degrees from t and r is

the magnitude of position vector in the original orbit at t
DI
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GMTI = t
DI •v—

where,

C = At of 10 percent phase for DPS thruster.

C = Approximate AV gained through ullage and the 10 percent thrust
£

phase for DPS thruster.

C = Approximate acceleration from DPS maximum thrust.
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QUEID —

From —

Purpose —

GMSCTRL

Update Mission Plan Table •
LINK

QNAME —

To-Task —

EP — PMMHMN

Byte
No.

Type* Units Value / Description / Comments

1-4
5-8

F
F

Pointer to data within MED subpool
Pointer to anchor vector (standard format: T, R, V,

source ID)

Table PMMHMN-2. Parameter List

QUEID —

From — PMMHMN

Purpose — Mission Plan Table
Update Complete

QNAME —

To-Task —

EP — GMSCTRL
LINK RETURN

Byte
No.

Type Units Value / Description / Comments

If Register 1 5 ^ 0 , an error has occurred and the
Mission Plan Table was not updated.

H — Fi«rd-poinl hilf wu
F — Ft«*«1-point full wot

E — Stngl r -pr r f i*ion (flo»tin§-point)
D — Doulilr-pf*ciaion (floating-point)
X — Hi-«iHcrim*l



cn
I

cn

1/1

RTCC APDLLD PROGRAMMING SYSTEMS

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

2. PMMHMN
DATE 8/.12/67 (206)
REV

PAGE 10 of 22

Table PMMHMN-3. Task Subpool List

Subpool Number 1
Given to GTMSCTRL; used
and released by PMMHMN

Symb.
Ref.

HVEH
HMCODE
HMSTART

Byte
No.

1-4

N
N+4
N+8
N+16

N-l-20

N+24
N+32
N+40
N+48

N+52
N+56

N-tf>4

N+72

N+80

N-t84

Type*

F

F
F
D
F

F

D
D
D
F

F
D

D

D

F

F

Units

hrs.

Er/hr.
hrs.
hrs.

radians

radians

radians

Value / Description / Comments

Pointer to f irst MED data item (HVEH), byte N,
aligned on a doubleword boundary.

Vehicle code (=3)
Maneuver sequence number
GMTI
Thruster Code:

DP = 10 ; R2 = 13 ^
AP = 11 ; R3 = 14
Rl = 12 ; R4 = 15

Attitude mode:
1 = 1 ; P G = 9
DG = 8 ; AG = 10

AV
At
At of ullage
Coordinate Indicator

LVLH = 0 ; IMU = 1
Not used
Pitch

LVLH .-TT/2 < pitch < rr/2
IMU 0 <; pitch < 2n

Yaw
LVLH - T T ^ y a w ^ r r
IMU 0 £ yaw < 2n

Roll
LVLH ,-TT £ roll s rr
IMU 0 ^ roll <;jT/2, 3n/2 s roll < 2rr

Separation Maneuver Indicator
0 = Separation maneuver

+ 1 = Separation maneuver being confirmed to zero
-1 = Not separation maneuver

Ullage thruster, option
0 = 2 RCS thrusters
1 = 4 RCS thrusters

H — Fixrd-point half word
F * Fixed-poirt fu l l word

E — Single-preciaion (floating-point)
D — Double-precision (floating-point)
X — Hexidecimal
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Table PMMHMN- 3. Task Subpool List (Cont'd)

Subpool Number 1

Symb.
Ref.

Byte
No.

N+88

N+96

N+104

N-t-112

N+120

M
M+8
M+16
M+24
M+32
M+40
M+48

Type*

D

D

D

D

D

D
D
D
D
D
D
D

Units

Er

—
'

Er

—_

Er

Er

Er

hrs.

hrs.
Er
Er -
Er

Er/hr.
Er/hr.
Er/hr.

Value / Description / Comments

PI:
r
D

P2:
CPT6

P3:
R

B
P2:

Y
P3:

r
T

X
P2:

Z . '

P3:
r
T

Y
P3:

r
Z

P3:
t AA

GMT of anchor vector
X )
Y / Position Vector -
z l
X j
Y / Velocity Vector
z.'

• lypr
H — Fixird-point half word
F — FiKed-poirt full word

E — Single-precision (floating-point)
D — Double-preciiion (floating-point)
X — Hexideefmal
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a. Symbol — PMMMCD .
b. Program Name — Maneuver Confirmation and Direct Input Load

Module •;
c. Programming Group —: Maneuver Control
d. Programmer(s) — J. Myers
e. Language — Assembler
f. Data Tables Used — PZMPTCSM, PZMPTJLEM, GZL-TRA
g. MED's Used — M60, M66
h. Writeup Completion Date — 9/12/67
i. System Parameters — Table PMMMCD-1
j. Flowchart — Figure PMMMCD-1

FUNCTION

The Maneuver Confirmation and Direct Input Load Module provides the
capability for the direct input and for the confirmation of an S-IVB blowdown
vent, CSM, or LM maneuver. In the case of a direct input, a new future
maneuver is built based upon the input data and transferred into the appro-
priate Mission Plan Table. In the case of a confirmation, certain quantities
for a specified history (executed) maneuver are changed based upon the
input data so that this past maneuver and the resultant orbit are consistent
with the actual execution of the maneuver by the spacecraft.

USAGE

a. Calling Sequence — LINK EP=PMMMCD
b. Inputs — Upon entry to this load module, GPR 4 contains the address

of a block of input data which has the following format:

Units

Double words 1-52
Doubleword 53 - bytes 1-4

bytes 5-8

Doublewords 54-77
Doubleword 78

Doubleword 79 - bytes 1-4
bytes 5-8

Ibs.

Not used
(Maneuver Number-1) *32
Pointer to previous maneu-
ver block of MPT
Not used
Vehicle weight at maneuver
initiation
Not used
Pointer to MPT
EBCDIC name

Approval Approval

vl £.
u
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Units

Doubleword 80 - bytes 1-2
bytes 3-4
bytes 5-8

Doubleword 81 - bytes 1-4

bytes 5-8
Doubleword 82

Doubleword 83 - bytes 1-4

bytes 5-8

Doublewords 84-86

hrs.

Er/hr.

hrs.

Er/hr.

Er/hr.

Er/hr.

Er/hr.

Er/hr.

Er/hr.

Maneuver block number
Maneuver block number
Confirmation/Direct Input
Indicator (Confirmation=36,
DirectInput=33)
Table indicator
(CSM=1, LM=3)
Maneuver Number
GMTI (ignition time for
specified thruster)
Thruster Code:
2 CSM RCS + X = 1
4 CSM RCS + X = 2
2 CSM RCS - X = 3
4 CSM RCS - X = 4
S-IVB blowdown vent =16
2 LM RCS + X = 17
4 LM RCS + X = 18
2 LM RCS - X = 19
4 LM RCS - X = 20
CSM SPS = 33

LM APS = 34
LM DPS = 35

Attitude Mode:
Fixed Inertial = 1
Manual holding body
orientation invariant = 2
External ZfV (primary)=4
External AV (LM AGS)=5
Burn Parameters
PI:

AV of maneuver
AV indicator (MAG=0, DVC
A t of maneuver

P2:
Components of
external AV vector
in display and
command system

Components of AV
vector in IMU
coordinate system

= 1]
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Double word 87 - byte 1

bytes 2-8
Doubleword 88 - bytes 1-4

bytes 5-8

Doubleword 89
Doubleword 90
Doubleword 91
Doubleword 92
Doubleword 93 - bytes 1-4

bytes 5-8

Doubleword 94

Doubleword 95 - bytes 1-4

bytes 5-8

Units

Er/hr.

Er/hr.

Er/hr.

Er/hr.

Er/hr.

Er/hr.

radians
radians
radians
hrs.

hrs.

P4:
V,

Components of AV
vector in LVL.H
coordinate system

P5 (Only for confirmation):
AV

x
AV "

y
AV "

Maneuver AV
residuals in RCS
control axes system

Burn parameter indicator
(Pl = l, P2=2, P3 = 3, P4=4,
P5=5)
Not used
Not used
Coordinate indicator
(LVLH=0, IMU = 1)
Pitch
Yaw
Roll
At of ullage
Ullage thruster option
(0=2 RCS thrusters,
1 = 4 RCS thrusters)

Vehicle heads-up/heads-
down indicator
(0=down, l = up)
At of 10% thrust level for
DPS thruster
Reference matrix code
CUR=1 DMT=6
PCR=2 ' DOD=7
TLM=3 DOK=7
OST=4 LCV=8
MED=5 AGS=9
LM As cent/Descent
Separation flag
( = 0 means set the time of

L.M A/D separation;^
means do not set the time
of LM A/D separation)
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.-Units

Doubleword 96 - bytes 1-4

bytes 5-8

Doubleword 97 - bytes 1-4

bytes 5-8

Doubleword 98
Doubleword 99 - bytes 1-4

bytes 5-8
Doublewords 100-104
Doubleword 105
Doubleword 106
Doubleword 107
Doubleword 108

radians

hrs.
Er
Er
Er

Configuration change
indicator
0=No change from configura-

tion at end of previous
maneuver

l=Undocking
2=Do eking
3=Separation of LM Ascent

from LM Descent
Configuration code at
maneuver initiation

0=CSM
ULM
2=CSM and LM
3=CSM and S-IVB
4=LM and S-IVB
5=CSM, LM, S-IVB

Configuration code at the
end of the maneuver

0=CSM
ULM
2=CSM and LM
3=CSM and S-IVB
4=LM and S-IVB
5=CSM, LM, S-IVB

Maneuvering vehicle code
UCSM, 2=S-IVB, 3 = LM
Docking Angle
Trim angle indicator
(input only for confirmation)
0=Trim angles are to be

computed
2=System parameters are

used for trim angles
Not used
Not used
Time of anchor vector
X | Components of
Y > position
Z / vector

m
"



Cn
cn

Cr>

llfJVJ RTCC APDLLD PROGRAMMING SYSTEMS
BOOK: MISSION SYSTEMS - AS-200 Mission Planning

2.PMMMCD
DATE 10/31/67 (EORP)
REV
PAGE 5 of 2 9

Units

Doubleword 109

Doubleword 110

Doubleword 111

Doubleword 112
Doubleword 113
Doubleword 114
Doubleword 115
Doubleword 116

Doublewords 117-127
Doublewords 128-136

Doublewords 137-256

Er/hr.

Er/hr.

Er/hr •
2

ft.
Ibs.
hrs.
hrs.

X
•

Y

Z

A]
w
St
Er
El
pu
Nc
Ti
ve
ar
an
ve
wb
U
Bl
PI

Components of
velocity
vector

i

Area prior to maneuver
Weight prior to maneuver
Start time limit
End time limit
EBCDIC maneuver
purpose code
Not used
Time of vector, position
vector, velocity vector,
area prior to maneuver,
and weight prior to maneu-
ver for the CSM, input only
when the attitude mode is

ACS external 7TV
Block 1 of the Mission
Plan Table

c. Outputs and Exit — The following quantities are output in Block 1
of the appropriate Mission Plan Table (MPT) (either PZMPTCSM
or PZMPTLEM):

1. Trajectory update number
2. Time to begin this maneuver
3. Time of LM jettison of descent stage (if the LM Ascent/Descent

separation flag is zero).

In all cases, the following quantities are output in the maneuver's
descriptive block of the appropriate MPT:

1. Attitude mode (bytes 1, 2 of word 1)
2. Thruster code (bytes 3, 4 of word 1)
3. Configuration code at maneuver initiation (bytes 1, 2 of word 2)
4. Time to begin this maneuver (word 3)
5. At of ullage (word 4)
6. At of maneuver (word 5)
7. AV of maneuver (word 6)

A
8. A (Unit thrust vector at designated thruster ignition time

in RTCC inertial coordinate system) (words 7-9)
A A A

9. X , Y , Z (RTCC inertial coordinates of the unit vectors in
B B B

the direction of the vehicle body X, Y, and Z axes, respectively)
(words 10-18)
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10.Maneuvering vehicle code (bytes 1, 2 of word 20)
11.Docking angle (word 21)
12.Configuration code at the end of this maneuver (bytes 1, 2 of

word 44)
13.Configuration change indicator (bytes 3, 4 of word 44)
14.GMTI (ignition time for specified thruster) (word 75)
15.Impulsive maneuver time (word 77)
16.EBCDIC maneuver code (word 117)
17.Maneuver uncertainties (words 118-120)*.

If the thruster is CSM or LM RCS, the mode is fixed inertial or
manual holding body orientation invariant, and the AV or AV
vector was input, then the following quantities are also output
in the maneuver's descriptive block of the appropriate MPT:

*• AV^TATVT (total AV) (word 65)MAN
2. AV (AV along X-body axis excluding tailoff) (word 66)

C
3. AVxbt (total AV along X-body axis) (word 67) .

If the thruster is CSM SPS, LM APS, or LM DPS, then the fol-
lowing quantities are also output in the maneuver's descriptive
block of the appropriate MPT:

1. Ullage thruster option (bytes 5, 6 of word 1)
2. At of 10% thrust level for DPS thruster (output only if thruster

is LM DPS) (word 19)
3. Thruster trim angle indicator (output only if CSM SPS or LM

DPS thruster) (bytes 3, 4 of word 20).

If the attitude mode is primary external AV or LM AGS external

AV, then the following quantities are also output in the maneuver's
descriptive block of the appropriate MPT:

Vv, V , V„ (components of external AV vector in RTCC
j\. i /.<

inertial system) (words 24-26).

In the case of a confirmation, the following quantities are also
output in the maneuver's descriptive block of the appropriate MPT:

1. CSM area and weight after this maneuver (words 45,46)
2. S-IVB area and weight after this maneuver (words 47, 48)
3. LM area and weight after this maneuver (words 49, 50)-
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In all cases, the remaining words of the maneuver's descriptive
block of the appropriate MPT are set to zero.

PMMMCD exits by returning to PMMXFR.

d. Other Programs Used — GIMIKC, GIMKIG, PIAEDV, PIEXDV,
EIGMTX, PIDVRS, GIMGBL, PMMAEG

e. Data Restrictions and Limits — None
f. Error — There are three error conditions. The first is an error

return of -1 or -2 from PMMAEG.The second is an error return from
EIGMTX. A third error condition exists if the time to begin maneu-
ver is within the ,time span-of another maneuver, prior to a previous
maneuver, or after the next maneuver. In all cases, processing is
terminated, GPR 15 is set to non-zero, and an on-line message is
printed. If GPR 15 is zero, then no error was discovered.

METHOD

The function of this load module is to output specific maneuver-related
quantities that are contained in the CSM or LM Mission Plan Table. Some
of these specified quantities are set according to the input MED data. The
following paragraphs discuss the method used in computing certain specified
quantities from the input MED data.

The following is the method for computing the vehicle body defining vec-
A A A

tors in RTCC inertial coordinate system (X , Y , Z ) when the LVLH
B B B

(Local Vertical, Local Horizontal) Pitch (P_^), Yaw (Y^J, and Roll (R ) are
rl rl rl

given.

The inertial coordinates of the unit vectors representing the LVLH
coordinate system are computed from the F and "v at GMTI.

* -~r * -Y x "v
Y,PHV r ' PHV l_ _

r x v

A A A

XPHV = YPHV X ZPHV

For the CSM, LM, and S-IVB (blowdown vent thruster), the LVLH
attitudes are applied in the sequence Yaw, Pitch, Roll about the Z ,

D

Y , X axes, respectively.
B B
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A

*B
A

YB

*B_

=

lf

l" J 0 0

0 cos R sinR
H H

0 -sinR cos R
ti ri.

M .• -. •*.

cosPR0-sinPH

0 1 0

sinP... 0 cos P
_ H. rl _

~
cosY sinY 0

H H

-sinYTT cos Y 0
H ri

0 0 1

A

XPHV
A

YPHV
A

Let a = sin P sin R
rl rr

b = sin P cos R
H H

Then,

A
= [cos YH cos PH] XpRV + [sin YH cos YpRV + [-sin PR] ZpRV

= [a*cos Y - sin
H

cos RR] XpHy + [a*sin

+ [cos PR sin RRJ ZpRV

= [b*cos YR + sin YR sin R^ XpRy + ,[b*sin YR

A

cos YR cos

-cosYHsinRR]Y p H V

The following is the method for computing the vehicle body defining
A A A

vectors in RTCC inertial coordinate system (X_., Y_, Z ) when the IMU
O D D

(Inertial Measuring Unit) Pitch (P), Yaw (Y), and Roll (R) are given.

For the CSM and the S-IVB (blowdown vent thruster), the IMU atti-
tudes are applied in the sequence Pitch, Yaw, Roll about the Y , Z ,

XR axes, respectively.

Therefore,

0

B

B

0 cos R sin R

0 -sinR cos R

cos Y sin Y 0

-sin Y cos Y 0

0 0

— «

cos P 0 -sinP

0 1 0

sinP 0 cos P
I- _)

"A ~
xP̂
A
Y_

P
A
Z^P

— _
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where X , Y , Z are the unit vectors representing the IMU coor-

dinate system.

Let a = cos P sin Y b = sin P sin Y.

Then,

X_ = [cos P cos Y] X_ + [sin Y] Y_ + [-sin P cos Y] Z_
B Jr r r

A A A
Y - [sin Psin R - a*cos R] X + [cos Y cos R] Y_
.B _ P P

~ - £ - • - -
+ [cos P sin R + b* cos R] Z

A A A

Z_ = [sin P cos R + a#sin R] X_ + [-cos Y sin R] Y_
B P V

A

+ [cos P cos R - b*sin R] Z .

For the L.M, the IMU attitudes are applied in the sequence Pitch,
Roll, Yaw about the Y_, Z_., X_, axes, respectively.

B o o

Therefore,

A
Y

B
A
Y

B
A
2

_ B_

=

1 0 0

0 cos Y sin Y

0 -sin Y cos Y

cos R sin R 0

-sinR cos R 0

0

cos P 0 -sin P

1 0

sinP 0 cos P

A

Y,

Let a = cos P sin R b = sin P sin R.

Then,

A A A A

X_, = [cos P cos R] X_ + [sin R] Yn + [-sin P cos R] Z
B r r

A A A
Y_ = [sin P sin Y - a*cos Y] X + [cos R cos Y] Y

B tr f

+ [cos P sin Y + b*cos Y] Z

Z_ = [sin P cos Y + a*sin Y] X + [-cos R sin Y] Y
B P

+ [cos P cos Y - b*sin Y] Z .
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The following is the method for computing the vehicle body defining
A A A

vectors in RTCC inertial coordinate system (X_, Y , Z ) when the unit
O D D

A

thrust vector (A ) is given and the vehicle attitude angles are not given.

A A

XT = AT

r' - - Yn r x A
ig position vector at GMTI

h' = ' h'

If h = 0,

A T "V V
then Y_ =

T ,- -i
r x v

v is the velocity vector at GMTI

If h7 i 0,

then for heads up

then for heads down Y = -
T h<

For the CSM and LM RCS + X thrusters and the S-IVB blowdown
vent thruster:

A A A A A, A

XB = XT ' YB = YT ' ZB = ZT '

For the CSM and LM RCS - X thrusters:

A A

XB = ~X

A A

YB = "YT

A A

ZB = ZT '

For the CSM.SPS, LM DPS, and LM APS thrusters:

A

B

A'

Z.

cos P 0 sinP
g

1 0

-sinP 0 cos P
g g

cos Y -sin Y 0

sin Y cos Y 0
g g

A

Y.
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Then,

XB = [cos P cos Y ] X + [-cos P sin Y ] YT + [sin P ] Z

Y = [sin Y ] X + [cos Y ] Y
B g T g T

Z = [-sin P cos Y ] X + [sin P sin Y ] YT + [cos P ] Z

(For the CSM SPS thruster, P is the pitch gimbal angle and Y is the
g g

yaw gimbal angle; for the LM DPS thruster, P is the pitch gimbal
g

angle and Y is the roll gimbal angle; for the LM APS thruster, P

is the pitch trim angle and Y is the roll trim angle. )
O

g

The following is the method for computing the unit thrust vector in

RTCC inertial coordinate system (A ) .

A
When the vehicle attitude angles are not given, the A is computed

from the AV of the maneuver in RTCC inertial coordinate system:

A

|AV|

A

When the vehicle attitude angles are given, the A is computed as
follows:

For the CSM and LM RCS + X thrusters:

A A

AT = XB '

For the CSM and LM RCS - X thrusters:

A A

AT = -X

For the CSM SPS, LM DPS, and LM APS thrusters;

A

Y,

A

Z,

cos Y sinY 0
g g

-sinY cosY 0
g g

cos P 0 -sinP

I - 0

sinP 0 cos P
g g

A

Y

A

Z,

B



in RTCC APDLLD PRDGRAMMING SYSTEMS

2.PMMMCD
DATE 10/31/67 (EORP
REV

BOOK: MISSION SYSTEMS - AS-200 Mission Planning PAGE 12 of 29

A A A A A

A_ = X = [cos Y cos P ] X_ + [sin Y ] YD + [-cos Y sin P ] Z_ .
T T 2 0 f B 0 . J 3 c ? t ? Bo o o o o

For the S-IVB blowdown vent thruster:

A , A A A

A = a * X + a * Y + a * Z
T Xn B Y_ B Z B

.D O J>

A

= [cos 6, ] X + [ -sin G! cos 6, ] Y •+• [sin 9, sin 0 ] Z 4
JL Jj 1 ^ .D 1 <L 13 V

(Where a , a , a_ are the components of the unit thrust vector in
*»•« A « ^* T-*B B B

the S-IVB body coordinate system, 9 is the S-IVB blowdown vent nozzle

cant angle away from vehicle longitudinal axis, and Q is the S-IVB

blowdown vent nozzle cant angle in roll axis. )

The following is the method for computing the approximate Impulsive
Maneuver Time.

If the At of the maneuver is not given, it is computed as follows: "

*• r*g

where

W is the weight of the vehicle at maneuver initiation ,
MI

AV is the velocity increment of the maneuver,
T is the thrust level for the specified thruster,
g is the acceleration of gravity. .

The approximate Impulsive Maneuver Time (IMT) is then obtained as ^
follows:

where t is the time to begin the maneuver.
B

,The following is the method for computing the components of the AV vector

<
in the RTCC inertial coordinate system (AV , AV , AV ) when the components

.X. i /j
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of the AV vector in the IMU coordinate system (Vg.,
j.

LVLH coordinate system (V_, V , V ) are input.
J- O *~*

l\ * -\9-

A

.vy

fz

-

X Y Z
P P P

X X X

X
P

 Y
P

 Zp
Y Y Y

XP YP ZP
_ Z Z Z

"V8X

vgY

v^z

Then,

Vgy, Vgz) or the

AV = VgY * X_ + Vgv * Y_ + Vg7 * Z
'X

AV,

X Y Z
PHVV PHVY

J\. ^»-

X Y 2
PHVy PHVy

PHV PHV

v

Vs
V

D

Then,

A A A

A V = V * X + V " * Y + V * ZA VF PHV S PHV D PHV

A A A

where X , Y , Z are the unit vectors representing the IMU coordinate
r . XT Sr . •.

A A A

system and X , Y
pHV» Zpnv ar6 the Unit vectors representing the

LVL.H coordinate system.
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ĈO
r— 1

00

g

r- <

'o
rt

CO
f3
rt

^1

P

T
A

R
G

Q

2

M

0)
4J
CO
3
J_|

2
P

2
"
>-i

^S
0)

r— 1

00

f^

I — 1

rt

|
'oo
i— i
T-H

o
rt

(0
fj
rt

•H

rt

P

T
D

R
G

U

h

4-1
CO
3
2
'̂ t

co
ft
co

CO
U
£

«M

o.
rt

CD
>
O

00
rt

r— <
! 1

3
M-l

0
4-J

O

CO

p

p
CO
H
(j

%

<u
4-3
CO
3
r*

4->

CO
ft

\
(X
rti — i
fH

^0
0)
00
rti — ii — i
3

0
4-1

CO
(-1

p

o
p
H
U

CU
4-1
CO
3

• J-i

4-1

COft
p

£
u-l
a,
£
fi)
ô
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a.
b.
c.
d.
e.
f.
g-
h.
i.
j-
k.
1.

Symbol — PMMMLC
Program Name — Maneuver Line Control Module
Programming Group — Rendezvous Planning
Programmer — J. Steed
Language — Assembler
Data Tables Used — PZMPTCSM, PZMPTLEM, PZCMLD, GZGENCSN
MED's Used — K10 (Initialization MED)
Writeup Completion Date — 6/15/67
System Parameters — Table PMMMLC-1
Parameter List — Table PMMMLC-2
Description of Terms — Table PMMMLC-3
Flowchart — Figure PMMMLC-1

FUNCTION

PMMMLC controls and computes the maneuver line definition and
relocates the maneuver line along the line of apsides or along the optimum
maneuver line.

USAGE

f.

Calling Sequence — LINK EP=PMMMLC, PARAM=(TIME, IND,
AEGADDR, SPADDR)
Inputs — PZCMLD; maneuver line vehicle ID in first halfword of

/1=CSM\
AEG headery 3=LM /; see attached parameter list.
Outputs and Exit — PZCMLD; AEG Blocks; MLD, NAG, STAID
at beginning of subpool; return to calling program
Other Programs Used — PMSVEC, PMXSPT, PMMAEG,
DSQRT, DATAN, DCOS, DSIN
Data Restrictions and Limits — PZCMLD must be initialized
and ML must be defined for relocation.
Error — If PMMMLC detects an error, a (-1) will be returned
to the calling program in the second halfword of the AEG header,
and an appropriate message will be printed on-line.

METHOD

PMMMLC may be entered with any of eight possible options.

Options 0-3: The maneuver line definition, the NAG, and the updated

Approval

9 - (\ - x&ia J
Approval

OL n ' -vvv_Ax \AAAA o— v\\
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AEG blocks will be returned by PMMMLC when given one of the following:
(1) a threshold time, a specified argument of latitude, and an NA; (2) a *
specified time and an NA; (3) a specified argument of latitude (threshold I
time taken as the greater of present time or target insertion time) and an
NA; or (4) a specified elapsed time from target insertion time and an NA.

Option 4: The present MLD is relocated along the line of Apsides of
the chaser as defined by the chaser elements corresponding to the present I
MLD time. The NA remains the same or is increased or decreased by . 5
depending on the amount and direction of shift in the maneuver line which
may have occurred during relocation. The NAG is also computed.

Option 5: Except for the fact that relocation occurs along a given
argument of latitude, the optimum relocation (r) is the same as the relocation
along the line of Apsides. This option is used in conjunction with co-elliptic
orbits. It returns the optimum point (in terms of fuel required) to move
the chaser from its present orbit to a co-elliptic orbit based on the present
target orbit. The formulas used to compute the optimum point are as
follows:

a = a, - AH___ "
ce 1 DES

i

e = a e / a
ce 1 1 ce

k = e _ V M ~ / V a _ (1 -
2

ce ce" ce " ce

(1 - e

r = k sin f
ce ce ce

r = k sin f
2 2 2

where AH = desired co-elliptic difference
JJlLo

1 refers to the target
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2 refers to the chaser
ce refers to co-elliptic

By setting f = r and substituting f = f + a it yields:
ce 2 ce 2

( k sin a \

k"- k cos a /and U. = f. + g_
2 ce ' r r °2

0 ^ f. < 2 IT
r

0 s U. < 2 rrr

The computed desired argument of latitude (U. ) is the optimum point in
the present chaser orbit to perform the maneuver. The elements are
advanced to U. and the height difference between the chaser and target
orbits is obtained. The elements are then advanced to U. + IT and the

r
height difference is again obtained. The end with the smallest height
difference is designated the apogee end of the optimum maneuver line.

Option 7: When a specified time is input, the elements of both vehicles
are advanced to that time, and the updated AEG blocks are returned.
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QUEID —

From —

Purpose —

QNAME -

To-Task

EP —

Byte
No.

Type* Units Value / Description / Comments

0-3

4-7

hrs.

8-11

12-15

F

F

Address of Present Time, or any desired time for
Option 7*

Option Indicator

1 = Definition, Options 0-3
2 = Relocation along Apsides, Option 4
3 = ROOT Relocation, Option 5
4 = Current Definition, Option 6
5 = Option 7

Address of AEG Blocks

Address of Subpool

Present time (in hrs. ) must be followed by another
doubleword containing the time to be used to obtain
elements for the second vehicle.

H — Fi«ed point h*ll word

F — Ft ltd-point full word

E — Singlr-preciiton (flottinf-point)

O — Doubl*-pr«ciiion (floating-point)
X — Hrxidertm»l .
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Table PMMMLC-3. Description of Terms

Term Description

CHASER
AH ' . .
A N ' ' - .
IND

MLD
MLDIND

NA
NAG
T

INS

TMAN

REF
TARGET
TNA
U
uoc
U.

r
AT

Maneuver Line Vehicle
Height difference of chaser and target orbits
Rev. Counter for AEG
Indicator passed as second element of parameter list; 1 = Options

0-3; 2 = Option 4; 3 = Option 5; 4 = Option 6; 5 = Option 7
Maneuver Line Definition
First word of PZCMLD, input by MED; 0 = Option 0, Threshold

Time; 1 = Option 1, T, NA; 2 = Option 2, U, NA; 3 = Option 3,
At, NA.

Counter for the chaser crossings of the maneuver line
Counter for the target crossings of the maneuver line

Target Insertion Time

Time of last frozen chaser maneuver

Present Time

Target Reference Time
Non-maneuver Line Vehicle
Time of the MLD
Argument of Latitude
AEG Input Argument of Latitude

Argument of Latitude of Optimum f
Time Increment
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Figure PMMMLC-1 . Flowchart
(Sheet 1 of 15)
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Figure PMMMLC-1 . Flowchart
(Sheet 4 of 15)
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Figure PMMMLC-1. Flowchart
(Sheet 5 of 15)
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a. Symbol — PMMMPT
b. Program Name — 206 Mission Plan Table

Programming Group — Mission Planning
Programmer — W. Stone

e. Language — Assembler
Data Tables Used — None (directly) - output into table specified in

calling sequence
MED's Used — M66, M65

h. Writeup Completion Date — 5/09/67
System Parameters — Table PMMMPT-1
DSECT - TJUN — Table PMMMPT-2
Flowchart — Figure PMMMPT-1

c.
d.

f.

g

i.
j-
k.

FUNCTION

For an M66 entry, the finite burn parameters in the input table are placed
into the Mission Plan Table. If powered landing guidance is specified, the
begin burn time is computed by "ENGINE ON ALGORITHM". For an M65
entry, the finite burn quantities are computed from the input impulsive
maneuver elements and are placed in the Mission Plan Table.

USAGE

a. Calling Sequence — LINK EP = PMMMPT, PARAM = (TJUN)
b. Inputs — From DSECT; see writeup of input DSECT (TJUN)
c. Outputs and Exit — Fills a block of the Mission Plan Table and

puts it as well as header block of MPT to corefile.
d. Other Programs Used — GLQATN, GIMIKC, GIMKIC LLBNTD

PMMAEG, EMMRLM
e. Data Restrictions and Limits — Maneuver must be executable,

trajectory must be non-reentriant.
f. Error — Error flag set into input "DSECT" (see writeup of

input "DSECT").

METHOD

Definition of terms used in describing the method:

unit vectors defining the IMU navigation base coordinate
axis in the RTCC inertial coordinate system.

Approval Approval
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Y

PH

PH

PH

p

Y

R

Y
H

H

R
H

V

GX

'GY
GZ

CPT6

CPT6,

RCSM

unit vectors defining the IMU stable member (platform)
coordinate axis in the RTCC inertial coordinate system.

unit vectors defining the local vertical local horizontal
(LVLH) coordinate system in the RTCC inertial coordinate
system

IMU related pitch angle (positive for counterclockwise
rotation about Y-axis)
IMU related yaw angle (positive for clockwise rotation about
X-axis)
IMU related roll angle (positive for counterclockwise rotation
about Z-axis
LVLH related yaw angle (positive for counterclockwise
rotation about X-axis)
LVLH related pitch angle (positive for counterclockwise
rotation about Y-axis)
LVLH related roll angle (positive for counterclockwise rotation
about Z-axis)

unit vector defining the vehicle body axis in the RTCC inertial
coordinate system.

coordinates of the V_ vector in the IMU platform coordinate
(_r

system for a guided maneuver, V is computed by the guidance

equations. For an RCS maneuver, V represents the total

maneuver AV in the directions of the calculated thrust at RCS
on time.

unit normal vector in IMU coordinate system, used by
engine on algorithm.
unit normal vector in RTCC inertial coordinates system, used
by engine on algorithm.
Target position vector for ascent guidance in IMU coordinate
system.
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RCSM
RTCC

A V

A V
RD

Target position vector for ascent guidance in RTCC inertial
coordinate system.
Inertial coordinates of finite burn velocity increment
to be applied in order to duplicate the results of the
given impulsive maneuver
Magnitude of above.
Radius to the target position, if set negative ignore
radius computation.

The following notation will be used to denote coordinate system rotations.

R ( ± Q )

R Y (± e) =

R7 (± 9)

"l
0
0

cos 9
0
±sin

cos 0
T sin
_0

0
cos
Tsin

9

9

9
6

0
1
0

±

0
± sin 9
cos 9

T sin
0
cos 9

sin 9
cos
0

9

9

—

o"
0
1_

The program is designed to handle two basic types of inputsj the following
is an indication of mathematical equations necessary for each type of input.

a. Case where finite burn parameters are input;i. e. ,M66. If Y , P ,
R , are given to specify the vehicle orientation at maneuver begin

H
table, the IMU related P, Y, R must be calculated. The LVLH
attitude sequence is Y , P , R , and they reference the vehicle

H H H
body orientation with respect to the local horizontal local vertical
at maneuver begin time. The following expression is used to
determine the body axis coordinate system.

B

= R, RY (PH> * RZ

PH

PH

PH
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The IMU attitude sequence is P, R, Y. It follows that

Y
A 'z.

B
R X ( -Y) * R Z (R) * Ry(P)

Solving this matrix equation for P, Y, R gives

= tan
-1

-1

R

= tan

. -1
= sin

B
A

Z.

A

X.

A A

Y • Y
P B

0 < P S 277

0 <: Y < 277

0 <. R S 7T

37T
R < 27T

The preceding expressions for P, Y are undefined for R = or
Ct L*

The following equations should be used in such cases.

. R = 0

= tan

A
Z

O ^ P < 2 T T

If an RCS thruster is specified

AV = V * X

where

and

V = magnitude of AV if AV option specified

= 1. if AT option specified

Then if (RCS - X) is the thruster set AV = -AV
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GX

GY

GZ

- AV

= AV • Yn

= AV ' Z,

Most of the first case is where a guided maneuver is directly input and
must be broken down into sub cases depending upon thruster.

Consider first the case of an APS thruster, which means ascent guidance
is to be used.

A

RCSM
RTCC

= [Xp.
CSM

IMU
Note: R,,^„ IMU is the input

CSM

The above target vector is put directly into the MPT for use by the integrator.

Next consider the case of the DPS thruster, which is actually broken
down into two cases. One is with powered landing guidance. Here the input
CPT . vector is converted from the IMU coordinate system to the RTCC inertialo
coordinate system by the following

CPT6
X

RTCC

CPT6
IMU

This vector, together with the time to begin search, is input into the engine
on algorithm, which then returns a unit thrust vector and the finite begin burn
time. The CPT6 vector, unit thrust vector and time of finite burn are put into

.A.

the Mission Plan Table for use by the integrator.

The other with the DPS thruster is the descent injection guidance. This
case actually is an adjustment in the orbit radius 180 degrees away from
maneuver burnout and the only inputs required are desired radius of the orbit
and other directly input quantities.
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b. Case where Keplerian orbital elements before and after an
impulsive maneuver are input (M65).

The impulsive elements before and after the maneuver at
the impulsive maneuver time. The basic function of this
program is to calculate finite begin burn time and the target
parameters that produce an equivalent maneuver. (Note: all
impulsive transfers for this mission will be guided maneuvers).

A Keplerian to inertial conversion routine is used to obtain

VB, VA where:

V = inertial velocity vector before the impulsive maneuver
B

V = inertial velocity vector after the impulsive maneuver.
J\

AV = V A - V B

AV = |AV |

In calculating the finite time to begin burn for this mission the important
assumption that was made was to put 1/2 AV on each side of the impulsive
maneuver point.

Please refer to the flowchart pages 9 and 10 for the resulting equations
that are used to compute GMTBB (time of begin finite burn). One big
exception to be noted is the case where the attitude mode of maneuver is to
be powered landing guidance. For this case the above GMTBB is used as
time to begin search for the engine or algorithm and the actual GMTBB is
computed by the engine on algorithm.

After the finite begin burn time is computed, the program takes separate
directions depending upon thruster.

For the APS thruster, a target vector some distance ahead of present
position must be computed. This is computed by updating the impulsive
elements after the maneuver through an angle 6 (Currently 140 degrees)

c A
using two-body motion. The resulting vector is RCSM _ , which is

K. 1 C<U

placed into the mission plan table for use by the integrator.
A A

NOTE: RCSM__-,_ is also converted to RCSMT. for display by the
JtvTCO IM.U

following
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A

RCSM
IMU

_

A

A^
•y

"D

.V

A

RCSM
RTCC

For the DPS thruster, two possible attitude modes must be considered.
The first is the powered landing guidance mode. Here a unit normal vector

A
CPT6 must be computed as follows.

x

where subscript "a" means elements

after the maneuver.
/

A

This vector (CPT6 ) is necessary as input to the engine on algorithm and
X

therefore must be computed prior to calling such to get finite begin burn time.
A

Also the CPT6 vector is converted to the IMU coordinate system for display

purposes only. The conversion is as follows

CPT6

sin i sin h
a a

-sin i cos h
a a

cos ia

A ~|
CPT6
IMU =

A
x>>Azp

CPT6
RTCC

Both the CPT and CPT. are stored into the Mission Plan Table.

The second attitude mode for the DPS thrusted is the descent orbit
injection guidance. The only input that is required in this case is the target
radius 180 degrees ahead of the current impulsive time. Since this maneuver
is used to shift the line of appsides of the current orbit and thus define
a new apogee and perigee. R is computed as follows.

R

R
D

D

= a (1 + e ) if apogee is desired.
cL 3,

= a (1 - e ) if perigee is desired,
d. 3,

NOTE: The radius 180 degrees ahead is wanted; therefore, the test on
apogee or perigee is opposite from what it would be if current
position was being used.
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Table PMMMPT-2. DSECT - TJUN (Inputs)

Byte
No.

1-960

961-964

965-968

969-976

977-980

981-984

985-992

993-1000

1001-1008

1009-1012

1013-1016

1017-1024

1025-1032

1033-1040

1041-1044

1045-1048

1049-1056

1057-1064

1065-1072

1073-1080

1081-1088

1089-1092

1093-1096

1097-1100

1101-1104

Type*

F

F

D

F

F

D

D

D

F

F

D

D

D

F

F

D

D

D

D

D

F

F

F

F

Units Value / Description / Comments

First block of mission plan table
See writeup of such

Vehicle code

Maneuver sequence

GMTDI

Thruster code

Attitude code

Delta velocity of maneuver

Delta time of burn ,

Time of ullage

Coordinant Indicator

Spare

Pitch

Yaw

Roll

Separation Indicator

Ullage thruster

Target input

Target input

Target input

Target input

Target input

Error flag (output)

Output block number

Direct input flag

Spare

*Type
D — Double-precision (floating-point)
F — Fixed-point -full word
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Table PMMMPT-2. DSECT - TJUN (Inputs) (Cont'd. )

, Byte
No.

1105-1112

1113-1120

1121-1128

1129-1136

1137-1144

1145-1152

1153-1160

1161-1168

1169-1176

1177-1184

1185-1192

1193-1200

1201-1208

1209-1216

1217-1224

1225-1232

1233-1240

1241-1248

1249-1256

1247-1264

1265-1272

1273-1280

1281-1288

1289-1296

1299-1304

1305-1312

Type*

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

Units Value / Description / Comments

Time of vector

R
X

R
Y

R,,
Z

VvX
V,

Y
V_

Z
Area

Weight

Start limit

End limit

A before

E before

I before

L before

G before

H before

A after

E after

I after

L, after

G after

H after

Time impulsive

F before

F after

#Type

D — Double -precision (floating-point)
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Table PMMMPT-2. DSECT - TJUN (Inputs) (Cont d. )

Byte
No.

1313-1320

1321-1328

1329-1336

1337-1344

1345-1346

1347-1348

1349-1352

1353-1356

1347-1360

1361-1368

1369-1376

1377-1384

1385-1520

Type*

D

D

D

D

H

H

F

F

F

D

D

D

17D

Units Value / Description / Comments

Spare

Spare

Spare

Spare

Number of maneuvers in table

Maneuver purpose

Spare

Location of EBCDIC table name

Spare

Spare

Undocking area

Undocking weight

Spare

*Type

D — Double-precision (floating-point)
F — Fixed-point full word
H — Fixed-point half word
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Figure PMMMPT-1. Flowchart

(Sheet 1 of 12)
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Figure PMMMPT-1. Flowchart
(Sheet 2 of 12)
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A£ G Inputs
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D
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1
0
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*PH
V ^ H

Figure PMMMPT-1. Flowchart

(Sheet 3 of 12)
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a. Symbol — PMMMPT
b. Program Name — Maneuver Transfer Processor
c. Programming Group — Maneuver Control (Mission Planning)
d. Programmer(s) — W. Stone
e. Language — Assembler
f. Data Tables Used — None (directly). Output is put into table by

PMMXFR
g. MED's Used — M65, M70, M72
h. Writeup Completion Date — 9/1/67
i. System Parameters — Table PMMMPT-1
j. Parameter List — Table PMMMPT-2
k. Flowchart — Figure PMMMPT-1

FUNCTION

PMMMPT sets up inputs for use by powered flight integrator. For all
entries, the finite burn quantities are computed from the input impulse man-
euver elements and are placed in an output array for input to Mission Plan
Table. Inputs to this program are of the same format regardless of MED used.

USAGE

f.

Calling Sequence — LINK EP=PMMMPT
NOTE: REG 10 points to output array; REG 11 points to input array.
Inputs — See input parameter list, Table PMMMPT-2.
Outputs and Exit — A block of Mission Plan Table is computed and
is outputted to area pointed to by REG 10.
Other Programs Used — GIMGBL, GIMIKC, GIMKIC, GLQATN,
PMMAEG, and FORTRAN library routines.
Data Restrictions and Limits — Maneuver must not be overlapping
another maneuver, not during reentry, and must be at or ahead of
present time.
Error — Error flag is set into REG 15 upon return. Maneuver time
error = 52; AEG events error =51

METHOD

The input orbital elements before and after the maneuver are at the im-
pulsive maneuver time. The basic function of this program is to compute:
(1) the begin burn time of the maneuver, (2) the initial body axis in RTCC
inertial coordinate system, (3) unit thrust vector in RTCC inertial coordinate

Approval Approval
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system, if not a guided maneuver, (4) RTCC inertial delta velocity vector, if
a guided maneuver.

A Keplerian to inertial conversion routine is used to obtain V_t VAr B A
where:

V = inertial velocity vector before the impulsive maneuver at im-
B

pulsive time

V = inertial velocity vector after the impulsive maneuver at impulsive
time

"AV = V - V (this is RTCC inertial delta velocity vector if guided
maneuver)

AV = |Av| magnitude of above

— AV
U = -TT7- (unit thrust vector in RTCC inertial coordinate system for

non-guided maneuver)

The body axis is computed as follows: take the impulsive elements prior
to the maneuver backup free flight to the begin burn time. Convert the elements
at the begin burn to the RTCC inertial coordinate system T , V . Then.define

B B
the thrust coordinate system as:

x = AV/AV

Note: If AV along F .then Y^
B .T

A A A

T T X T
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'For all RCS-'+X'maneuvers for both the CSM and LM vehicles, the body axes
A A A A A A

are as follows: X_, = X_, Y^ = Y_, Z = Z_. For all RCS - X maneuvers
B T B T B T A A

for both the CSM and LM vehicles, the body axes are as follows: X = -X ,
A A A A . B T

V — V 7 — 4-7
YB " T' ^B~ +ZlT'

For all other cases, the thrust axes are rotated about the Z-axis through the
(-Yaw Gimbal) angle and then rotated about the Y-axis through the (-Pitch
Gimbal) angle. Note: If thruster is APS or DPS, Yaw Gimbal is replaced by
Roll Gimbal angle, but the computation is uneffected.

A

XB

A

YB

A
z

B

-

cosPG 0 sinPG

1 0

-sinPG 0 cosPG

C°SYG(RG)

8inYG(AG) C°SYG(RG)

A

XT

A

YT

A

The remaining quantity to be computed is time-to-begin burn. This
then is computed such that the centroid time of burn is the impulsive time
of the maneuver. Since by definition, the thrust acceleration profile has
zero first moments about its controid time, the following equation must hold
true:

i= 1

.
bi

w . - w
01

w. ft - t
M

(1)
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where: T. = Thrust level during i— phase of burn (assume to be constant)

g = Acceleration of gravity

t = Time-to-begin burn i— phase
bi

t . = Time-to-end burn i— phase
ei

w . = Weight at start of i — phase
01

w. = Weight flow rate of i — phase (assume to be constant)

The above equation is true in general for any "n" phase meaning, however, the
time of burn for each phase must be known. In order to determine this, we
must consider three separate cases.

Case 1. Only an RCS thruster will be fired. Pickup the thrust level and
weight loss rate for the specified thruster. The specific impulse

is defined as !„_, = T .X .̂ Now delta time of burn is
SP

""M • N

w

and weight after maneuver is w = w - w * .At^ ,
a M

For this case "n" in equation (1) is equal to 1 upon integration.
Equation (1), the following result is obtained:

t - t
TD = GMTBB = TTl/r_ - — + — -

w £n/W '
I w
V a

Note: t - t_ = At (time of burn)
e B M

Case 2. The thruster is either LM.APS or GSM SPS. The method for
computing begin burn time is as follows:

Pickup the thrust level and weight loss rate for the ullage
thruster. Then, At ' = At - At (overlap)
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where: , At = time of ullage

• At (overlap) = time of ullage burn overlap main burn

^ At ' = result time of ullage

w = weight loss rate ullage thruster

w = weight after ullage
B

T = thrust level ullage thruster

A V = AV required after ullage

w = weight loss rate main thruster
S-

T = thrust level main thruster
s

w = weight after maneuver.
d.

- A w u

T * A t ' *g

AV' = AV -

_! AV' * w

/ I g * Tw = w | e s
a B

W / B " W a

w
s
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The thrust profile first moments due to ullage are ignored with
only first moments of the main thruster being balanced about the
centroid (impulsive) time. Making this assumption for this case,
"n" in equation (1) is equal to 1. Therefore,

W / B
GMTI = TIMP

w
s

Since above is time to start main thruster, then

GMTBB = GMTBI - At / is time for ullage on.

Case 3. The specified thruster is LM DPS.

At = At / = At - At (overlap) actual ullage time before *
M U U U ,

main burn.

There are several points to be noted for this case. If the time
of 10% burn is input as positive, a. test is made to determine
whether the maneuver can be completed in some maximum 10%
burn time (currently 88 seconds). If the 10% burn time is input
zero, a system parameter is used for its value. If the time of
10% in input negative, the absolute value of it is used, and the
test for maximum time of 10% burn is ignored.

When the phase of the burn is known, which will end burn, then §
the time of burn for that phase is computed as follows: ™

-w * AV

w I g * T
At = — \1 - e & / where: w = weight at start

w of this phase

w = weight flow rate

T = thrust level

AV = velocity required

g - acceleration of
g ra vity
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Note the begin burn time must be, computed for this case. Since
we are considering all first moments of the thrust profile, "n" in
equation (1) is equal to "3". Upon integrating equation (1) and
rearranging items, the following result is obtained.

S = T * g/w

w
A = S h - £

Wf

Wd
B = + Atx . A - S M .

• M M
w

D = EB

C = EA

GMTBB = TIMP - ^
\^

GMTBI = GMTBB + At'U

T = thrust of phase under
study

g = acceleration of gravity

w = weight flow rate of
phase understudy

w = weight at start of
phase, understudy

w = weight at end of phase
understudy

At = time of burn of phase
m

understudy

Time to begin ullage

Time of DPS thruster on.
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QUEID — NA

'From — NA

Purpose — NA
GP REG 11 must point to this list.

QNAME — NA

To-Task — NA

EP — NA

t Byte
No.

. 1-272
•273-512
:513-616
617-624
625-656
657-660
661-664
665-669
669-672

673-680
681-688
'S89-760
761-764
765-768
769-772
773-776
777-784
785-888
889-896
897-904
905-912
913-920
921-928
929-936
937-944
945-952
953-960
961-968
969-976
977-984
985-992

993-1000

Type*

F
F
F
F

D
D

F
F
F
F
D

D
D
D
D

Alpha
D
D
D
D
D
D
D
D

D

Units

None
None

None

hrs.
hrs.

None

None
rad.

sq. ft.
Ibs.
hrs.
hrs.
hrs.
Er
None
rad.
rad.
rad.
rad.
Er
None

rad.

Value / Description / Comments

44D Not used
20D Search area for PMMXFR
13D Search area for this program
D Spare
4D Not used
Thruster Code
Attitude Mode Code
Spare
Ullage Thruster Code 0 = Two thrusters

1 = Four thrusters
Time of ullage burn
Time of DPS 10% burn
9D Spare
Spare
Configuration code at start
Spare
Vehicle code
Docking angle if vehicles docked
13D Not used
Vehicle area
Vehicle weight
Start burn limit1

End burn limit
EBCDIC code for maneuver
Semi major axis before maneuver a

Orbit ecc. before maneuver. e
Orbit inclination before maneuver i
Mean anomaly before maneuver t
Argument of perigee before maneuver g
Argument of ascending mode before maneuver h
Semi-major axis after maneuver a
Orbit ecc. after maneuver e

Orbit inclination after maneuver i

H — Fi«ed-puint hall *«>rd
F — Fued-point fu l l word

E — Single-preeiiion (floating-point)
O * Doubl*-preci*ion {flo*tiaf •point)
X — HrxidBrimtl
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QUEID — NA

From — NA

Purpose — NA

QNAME — NA

To-Task — NA

EP — NA

Byte
No.

Type* Units Value / Description / Comments

IOC 1-1008
10&9-1016
1017-1024
1025-1032
1033-1088

1089-2048

D
D
D
D

rad.
rad.
rad.
hrs.

Mean anomaly after maneuver' ',£,'
Argument of perigee after maneuver g
Argument ascending mode after maneuver h
Impulsive time of maneuver T
Remaining quantities of impulsive elements not used.

by this program
Header block of Mission Plan Table

"Tvn*
H — Fixed (toml half »nc<l
F — Fixed-point ful l word

C — Single-precision (floating-point)
D — Double.precmon (floating-point)
X — Hrxidenmal
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a. Symbol — PMMPAD
b. Program Name — Perigee Adjust Computations
c. Programming Group — Rendezvous Planning
d. Programmer(s) — C. Peabody, R. Taylor, R. Gayle
e. Language — FORTRAN IV - H Level
f. Data Tables Used — PZPADDIS
g. MED's Used — K-28 - Perigee Adjust Request
h. Writeup Completion Date — 8/31/67
i. Data Table Format — Table PMMPAD-1
j. Flowchart — Figure PMMPAD-1

FUNCTION

PMMPAD generates pitch, burn time, velocity increment, burn duration,
true anomaly, height above spherical Earth, and height of resultant apogee
for six maneuvers (if possible), any one of which will cause perigee to be
raised to some requested value.

USAGE

a. Calling Sequence — LINK EP=PMMPAD
b. Inputs — AEG inputs at a vector time, a threshold time, At, apogee

and perigee heights
c. Outputs — Maneuver Information into a display table
d. Other Programs Used — PMMAEG, GIMAPD
e. Data Restrictions and Limits — Solutions cannot be obtained near

perigee. Perigee height requested can not be greater than current
maneuver height.

f. Error — If number of maneuvers = 0, current perigee is greater
than requested, and no maneuvers will be computed. If there are
no maneuvers, the times are set negative.

METHOD

If present perigee is less than requested, the elements at threshold time
are found and used along with the pitch, computed from the angle with the
horizon to compute AV of the maneuver. Pitch and AV are then used to find
the elements after the maneuver, which in turn are used to find perigee. If
perigee is not the desired, an iterative procedure is used to find the desired.
Apogee is then found, and display quantities computed. This procedure is
repeated for six maneuvers.

Approval Approval
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as:
To apply velocity at a constant angle (3 with the horizon, pitch is computed

R

p = 3 - cos
o r

Orbit

Earth

S/C Position

Local Horizon Plane

Where:

R = Radius of the Earth
e

r = Radius magnitude at maneuver time

p = Pitch angle
o

p = p - a
o

a . = 90° - 6 or 6 = 90° - a
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R
sin 6 = —^- - sin (90 - a) = cos a

-1 Reor a. = cos
r

hence

1 R
p = P - cos" ——
o r

To compute the AV (magnitude increment) needed to raise perigee to the
desired magnitude (R ), the following method is used:

Subscript b signifies before maneuver and a, after.

Where:

a = Semimajor axis
e = Eccentricity
R = Desired magnitude of perigee
h = Magnitude of angular momentum vector
r = Radius magnitude
V = Velocity
p = Pitch angle
V = Horizontal component of velocity

H

r = Rate of change of position magnitude

h = a (1 - e ) = a (1 - e ) ( 1 + e) = R (1 + e), where R is defined as

a (1 - e)

Solving for e and 1 - e,

h 2 - R
e =

R

R - " 2R -
—— = —R
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Defining a = r- and substituting these values for a and e in the
2 - rv

equation R = a(l - e), results in

_ (2R - h2) r 2Rr - h2r
~ •R 2 = 2

2 - rv 2R - Rrv

2R2 - R2rv2 = 2Rr - h2r

2 2 2 2
rh - R rv = 2Rr - 2R

h - R v = for later reference (1)

By definition: s

AVU = AV cos p
rl•

AT = AV sin p

V 2 = (V., + A Vu)
2 + (P. + Ar)2 = ( V _ _ + AV cos p)

a H H b

(r, -f AV sin p)
b

Expanding and combining:

V2 = VTT
 2 -f 2V AV cos p + AV cos p + r, + 2r, AV sin p +

a H, b b b
b

AW •AV sin p
2 ' 2 2 2

= V, + AV (2VU cos p + 2r sin p) + AV (cos p +sin p)
b H b

b

V 2 = V 2 + AV f 2(VU cos p + r, sin p)l + AV2 (2)
a b L H

b
 b J

ha = rVHa

V_, = V-. + AV cos p
H rl

a b

h2 = r2 V 2 = r2(Vu + AV cos p)2

a Ha ^

h2 = = r2(Vu
 2 + 2AV Vu cos p + AV2 cos2 p) (3)

a Hb "b
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Substituting equations (2) and (3) into equation (1),

r 2 (V_. Z + 2AV V__ cos p + AV2 cos2 p) - R2

Hb Hb
,1 Air2\ 2R (r - R)

T^ sin p) + AV )= » - = 0
b J / r

+ A v 2 ( V u cos p +

Combining and grouping,

AV2 (cos2pr2 - R2) + AV fzV^ cos P (r2 - R2) - 2R2r sin P +

= 0

Solving for AV by quadratic formula,

2 2 2
A = r cos p - R

B = 2V cos p(r2 - R2) - 2R r, sin p
Hb b

C = 2 - R2V 2

H, b r
b

D = B -4AC

_ -B +VP
1 " 2A

-B -•v/P'
2A

AV is chosen as the minimum positive value.

Elements after the maneuver are then computed as follows:

r - r, + AV sin p
a b

VH = VH + AV C°S P

a b
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a Ha

e cos E =
a a

2
a

a - r
a

e sin E =
a a

r r
a

tan" (e sin E /e cos E ) O^E < 2n
a a a a a

[(e sin E )2 + (e cos E )2]1/2

a a a a

E - e sin E
a a a

tan" [sin E 1 - e / (cos E - e ) ] 0 ^ f < 2 n
cL 3. cL cL cL

u - f
b a 0. * g < 2n

cL

These elements are then used to find the resulting perigee. For the
first pass
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Where,

R = radius of perigee desired

R = radius of perigee from elements = a(l - e)
PK.EP

R = current radius at perigee
Pd

If this value does not result in a perigee radius within some epsilon range
of the desired, the R is computed the first time as

R = R - A R PER
c

Where,

ARPER = RPD • RPC
o

ARPER = ARPER
c o

For successive tries, the correction procedure is:

ARPER1 = RPD ' RPC

"o * "1

ARPER, ARPER
AR, l

PERc AARp£R

ARPER ~- ARPER1
o

R = R + A R P E R
c
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The pitch that was previously computed was based on alignment with
the horizon at impulsive maneuver time. The manner in which the actual
maneuver is to be performed is to line up on the horizon at maneuver initia-
tion time and then to hold that attitude inertially. However, maneuver
initiation time and pitch are at that time dependent upon each other, and
hence an interation scheme is necessary. The equation used is

where

o

AP

AP

= P + AP
o

= Pitch at impulsive time.

Correction made to P to approximate pitch at
maneuver initiation time (AP = approximate central
angle difference between initiation and impulsive time)

At.
MAN

where At .„, is approximated byMAN

sp

which is derived from

F

F

m

At
MAN

= m A

= W I
sp

= W/G

AV
A

Also f
la {1 - ea>

(Newton)

(by definition)

(by definition)

assuming constant acceleration.

G = Acceleration due to gravity at the reference latitude

I = Specific impulse for SPS thruster

= Weight of vehicle prior to maneuver

sp
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AW

W

A t , , . » TMAN

AV

m

A

F

Weight of propellant used

= Weight flow rate

= Maneuver duration

= Velocity increment magnitude

= Mass

= Acceleration

= Force (thrust level)

After an acceptable value for perigee has been computed, a more
accurate value for the time required for the maneuver is computed as

where e = the natural number (2.71828. . . ).
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Table PMMPAD-1. Data Table Formats

Symbolic Name — PZPADDIS

Programmer — C. Peabody

Table Name — Perigee Adjust

Initialization of any Element Required — NA

Dimensions

Blocks — 1
Words/Blocks — 50 double words
Total Words — 50 double words

General Description and Usage

This table contains information for six maneuvers to raise perigee to
the requested value. The program PMDPAD will display this information.
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Detailed Contents

Block Word

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15-21

12-28

29-35

36-42

43-49

50

Byte Bit

>

Type*

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

Units

hrs.

hrs.

hrs.

Er

Er

rad.

hrs.

Er/hr.

hrs.

rad.

Er

Er

Description and Range

Solution Indicator

Time of Elements

Thresh Time

Time Step

Apogee Height

Perigee Height

Blank

Pitch at Ignition

Burn Time

Velocity Increment

Burn Duration

True Anomaly

Height Above Earth

Height of Resultant Apogee

Same as Words 8-14 for Second
Maneuver

Same as 8-14 for Third Maneuver

Same as 8-14 for Fourth Maneuver

Same as 8-14 for Fifth Maneuver

Same as 8-14 for Sixth Maneuver

Blank

•Typr
H — Fivfd-poml half Mord
f — Fmcd-poir t ful l uord

E — Single-precision (f!o*ting-poinl)
D — Double-precision ( f lu i i ing-pomt)
X — Hexiaecimal
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a. Symbol - PMMPAR
b. Program Name - Saturn Launch Vehicle (SLV) Targeting Load Module
c. Programming Group - Rendezvous Planning
d. Programmer - T. Copper
e. Language - Assembler
f. Data Tables Used - PZMPTCSM, PZMPTLEM, PZSLVCON, PZSLVTAR, GZLTRA
g. MED's Used - P10, K40
h. Writeup Completion Date - 10/17/67
i. System Parameters - Table PMMPAR-1
j. Flowchart - Figure PMMPAR-1

FUNCTION

PMMPAR directs and computes the targeting quantities appearing on the SLV
targeting display.

USAGE

a. Calling Sequence - RTATTACH TASK=PTMANC, EP=PMMPAR, PARAM=(AREA, 72)
b. Inputs - PZSLVCON, PZMPTCSM, PZMPTLEM
c. Outputs and Exit - PZSLVTAR, GZLTRA RTATTACH TASK = GTMSCTRL,

EPGMSCTRL, ID = 0, QRANL = 5
d. Other Programs Used - DSQRT, DSIN, DCOS, DARSIN, ELEGETE, GIMIKC,

PMMAEG
e. Data Restrictions and Limits - None
f. Error - This is an on-line message if there is an error from PMMAEG

and ELGETE.

METHOD ,,

The SLV Targeting Load Module (PMMPAR) is exercised during the period of
determination of the first vehicle (target) trajectory and the lift-off time of
the second vehicle (chaser); this is called the Prelaunch II phase of the mission.

The main function of PMMPAR is to compute the recommended lift-off time
(GMTLOR), insertion velocity (V-J-QM) , and the SLV guidance parameters for the chaser
vehicles.

The targeting unit uses two MED's, K40 and P10. The K40 MED is used to
initialize or change constants that will be used by PMMPAR during a mission.
The P10 MED is used only to queue PMMPAR during Prelaunch II. There are two
basic options that can be used to queue the targeting unit.

1. Compute GMTLOR and VrGM of the chaser vehicle for a first guess

lift-off time of the chaser vehicle.

2. Compute the SLV guidance parameters and generate a chaser vehicle
ephemeris using the computed nominal insertion vector based on the
chaser's input lift-off time (GMTLO).

Approval Approval
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When the first option is used, a vector is fetched from the target vehicle
ephemeris at GMTLO of the chaser vehicle, which was input. The chaser vehicle
insertion velocity (V ) is computed and based on the VTrvf, target vehicleIGM
ephemeris, and input constants; the nominal insertion vector for the chaser
vehicle is then computed. Using the AEG, the chaser vehicle elements are
updated to first apogee or some angle or time measured from chaser vehicle
insertion; the target vehicle is updated to position match with the chaser
vehicle. The height differences (AH) computed by the AEG are compared with
the desired AH. If the differences in the AH fall outside the tolerance, the
above process is repeated by adjusting the VjpM. When the AH tolerance is met,

GMTLO* is computed. GMTLO* is the time at which the chaser vehicle should
lift off to have a zero degree phase angle at chasers' first apogee or some
AT or AU measure from chaser vehicle insertion. To accomplish this, the phase
lag at first apogee or some AT or AU measured from the insertion of the chaser
vehicle is calculated by the AEG using the chaser and target vehicle element
at chaser lift-off time. Using the computed phase angle, a time
increment is then calculated to adjust the chaser lift-off time. The process
is repeated until the chaser lift-off time results in a zero phase angle. The
recommended lift-off time is GMTLOR = GMTLO* + BIAS (input constant).

-When the second option is used, the same process is executed as in the
first, except for the computations of GMTLOR. In addition to the above process,
the chaser nominal insertion vector is stored for the launch program; and the
SLV targeting parameters are computed and stored in PZSLVTAR for displaying.
These parameters are sent by teletype format to Marshall Space Flight Center.
The method used in computing the targeting parameters is referenced in
MSC Internal Note, No. 64-FM-103, dated October 14, 1966, and the flowchart
included in this writeup.

Depending on the option on the P10, the nominal insertion vector for the
chaser vehicle may be passed on to a program to generate a trajectory for the
chaser vehicle.
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DTROUTE, RTQCNTRL, RTATTACH Macros

Macro ± RTATTACH TASK = GTISPLAY, EP = GMSNAP, ID = 3 PARAM = (word, 4, FKWORD)

Purpose - To display the SLV Targeting display MSK 263

Macro - RTATTACH = QLOC = QNAME, TASK = GTMSCTRL, EP = GMCCTRL QRANK = 5
ID = 0

Purpose - Generate a trajectory for second vehicle to lift off
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a. Symbol — PMMPHL
b. Program Name — Phaselag
c. Programming Group — Rendezvous Planning
d. Programmer(s) — M. R. Secondo
e. Language — FORTRAN
f. Data Tables Used — None
g. MED's Used — None
h. Writeup Completion Date — 11/16/67
i. System Parameters — Table PMMPHL-1
j. Flowchart — Figure PMMPHL-1

FUNCTION

This program will compute the phase angle needed at the circularization
maneuver point to achieve rendezvous at a desired day/night condition or at a
longitude crossing.

USAGE

a. Calling Sequence — LINK EP=PMMPHL, PARAM=(DKI)
b. Inputs — DKI is the common block used by PMMDKI
c. Outputs and Exit — (1) Desired phase angle at NSR; (2) time of ren-

dezvous; (3) transfer initiation time
d. Other Programs Used — DSIN, DCOS, DSQRT, DATAN2, DARCOS,

DTAN, PMMAEG
e. Data Restrictions and Limits — None
f. Error — Same as error returns for PMMAEG

METHOD

Upon entry to the program, a check is made to determine whether or not a
height maneuver is scheduled. If no maneuver is scheduled, then the chaser
vehicle is advanced to the next perigee point, and a differential height difference
is found by taking the target vehicle to a position match. With an input desired
.height difference, this computation is not done.

By updating to the circularization maneuver point, NSR, and using the pre-
viously determined height difference, elements can be evaluated for the chaser
vehicle, which would circularize the chaser vehicle with a definite height differ-
ential with respect to the target vehicle.

Approval
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Letting the .subscript "C" represent the chaser vehicle and "T" for the
target vehicle, the semimajor axis is

aC = aT * Ah

a.nd for the eccentricity,

The inclination angles and arguments of the ascending nodes would be equal.

To find the mean anomaly, 1 , and argument of perigee, g it is necessary
C. C

to find the true anomaly.

(e cos £)c = [ac(l - ec) - R
C1/R

C where R
c = R

T ' Ah

2 2
(e sin f)c = (sign of sin ^)le - (e cos f) ]

which gives

1 f(e sin f)
f = tan'c

C
(e cos £)c

and

lc = fc - 2(e sin f)c[l - 3/4(e cos f)c].

Since u = u , then the argument of perigee is
(-• i.

Q = U - fgc c c
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With these elements computed, the target vehicle is taken to T ' where

T/ =

This will place the vehicle within one maneuver line of the rendezvous point.
Using either the day /night option or the longitude crossing routine, the time of
rendezvous can be found. From this, the transfer initiation time can be calcula-
ted using the terminal phase travel angle.

Tz = TR - wt/lT

If there is not enough time between T and the (M - 1) maneuver line, then the

time of rendezvous is recomputed in the next orbit, as well as T .

After taking the target vehicle to T , the desired phase angle, Q , is com-

puted.

Rc = RT - Ah

cos E

-1
9 _ - cos
wT

r ~ / 2 2 2 — i

L 2Ci J
With this desired phase angle, the time increment from NSR to transfer initiation
can be computed by finding the argument of latitude and mean anomaly increments.

l

Au = u - 8 ~ - uC T wT C

Al = Aur, - e_ [2 sin (f + A u _ ) - 2 sin (f ) - 3/4 e_(sin (2f f 2AU )
» - > ( C .

- sin (2fc))]
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which gives

+ 2TT(ANSR -

where r\^ is the mean motion of the chaser vehicle.

<
Therefore the NSR time, which is assigned to the chaser vehicle, is

T = T - At
NSR Ll AtC

Using the AEG, both vehicles are taken to the transfer initiation time and the
resulting phase angle, Q , i

angle, 9wT> in determining

resulting phase angle, Q , is used as a correction to the computed desired phase

0NSR = ewT + (TI - TNSR)(1C

The computed quantities, 6,.rCT), T and T are returned as output to the
iNoR I ]Ni>R

calling program.
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a. Symbol — PMMPNE

b. Program Name — Plane Change Time and Velocity Increments Com-
putations

c. Programming Group — Rendezvous Planning (Mission Planning)
d. Programmer(s) — G. Deaton, M. Secondo
e. Language — FORTRAN
f. Data Tables Used — None
g. MED's Used — None
h. Writeup Completion Date — 11/16/67
i. System Parameters — Table PMMPNE- 1
j. Flowchart — Figure PMMPNE- 1

FUNCTION

Chaser and target vehicle osculating elements, reference time, and node
number are input. The plane change maneuver is computed at the input node
number beyond reference time. The program computes the time of the plane
change maneuver and the out-of-plane and horizontal velocity increments, which
are applied to the chaser at the given node number. This application achieves
a trajectory that is coplanar with the target trajectory at phase match.

USAGE

a.

>

>

>

Calling Sequence — LINK EP = PMMPNE PARAM = (TAB, TOPTREF,
FNPC, KPC, HIPC)

b. Inputs —

1. TAB — Fifty-five doubleword array, AEG header, chaser and target
blocks in standard initializaed format.

2. TREF — Five doubleword array consisting of a boundary time andvTT
as input. The last three doublewords are output values: actual plane
change time, horizontal and out-of-plane velocity components.

3. FNPC — Forty-six doublewords of which only the first word is input
and is the node number of the plane change. The other for ty-f ive
doublewords are used internally.

4. KPC — A word that indicates the entry desired. See "METHOD".
5. HIPC — A four halfword array in which the second halfword indicates

the vehicle performing the maneuver: +1 for the chaser, -1 for the
target. The other halfwords are used internally.

c. Outputs and Exit —

1. TOP — Fifty-five double words containing the AEG header and both
vehicle's AEG blocks at the plane change point (before maneuver).

2. TREF — The last three doublewords of this five doubleword array
are referenced in the description of inputs.

Approval Approval
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d. Other Programs Used — PMMAEG, GIMIKC, DSQRT, DAT AN,
DATAN2, DTAN; DARCOS A

e. Data Restrictions and Limits — None "
f. Errors — None

METHOD

The plane change subroutine is designed to be used to compute the out-of-
plane and the horizontal velocity increments, which are applied by a chaser
vhicle at a specified common node. This application will achieve a coplanar
orbit with a target vehicle at the point where the phase angle becomes zero.
The program can be used in conjunction with an iterative rendezvous program,
such as the Coelliptic Rendezvous Program.

An input flag, KPC, determines the program requesting the plane change
computations. For a coelliptic request, KPC<0; for a DKI request, KPC>0.

There are three entries to the program. For the f i rs t entry (KPC = ± 1 ) ,
a lower boundary time, T , for the plane change maneuver is computed in

terms of the input reference time and the number of common nodes beyond the
reference time at which the plane change maneuver A V ' s are desired. The
chaser vehicle is updated to the boundary time and the target to position match
using the Analytic Ephemeris Generator (AEG). The common node for the
plane change is constrained to be between the chaser vehicle's argument of
latitude, UT , at T_ and UT + TT.

LJ JD LJ

At this point, the period, inclination, and ascending node differentials are
computed. If the period differential magnitude is greater than one second, the
ascending node differential is adjusted to account for the di f ferent ia l nodal, re-
gression, which will occur until phase match takes place.

It is now possible to form a "phantom" vehicle whose semimajor axis,
eccentricity, and mean anomaly are the same as those of the chaser and whose
inclination and longitude of the ascending node are the same as those of the chaser
plus the computed differentials. The phantom orbit argument of perigee is ob-
tained by reflecting the chaser argument of perigee into the phantom plane.

The chaser and phantom vehicles are advanced to their c ommon node by
recursively updating the chaser to the computed common node argument of
latitude and the phantom vehicle to position match using the AEG. This is
done three times, after which the phantom vehicle osculating elements are con-
sidered to be those needed by the chaser vehicle after the plane change maneuver.
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The chaser and phantom elements are converted to inertial position and
velocity vectors. The vectors, along with the plane change velocity magnitude
required, are manipulated to get the out-of-plane and horizontal AV components
needed to apply the maneuver. The chaser elements and time at the plane change
maneuver common node are output so that the user can apply the maneuver if he
wishes.

If the plane change program is being used by a program that produces in-
plane rendezvous maneuvers, it may be that the predicted point at which
coplanar trajectories are required is erroneous because of in-plane maneu-
vers that follow the plane change maneuver. To compute a reliable plane
change maneuver under these circumstances, a second entry (KPC^i-2) to
the plane change program should be made. This entry should be made if
there is a wedge angle violation in the vicinity of the rendezvous point. If the
entry is made, the chaser and target vehicle AEG input blocks should be at the
point where the wedge angle used in the violation test was computed. On this
entry, the inclination and ascending node differentials are computed. These
are used as corrections to the differentials that were computed when the pro-
gram was called the first time. The only purpose for the second entry is to
compute the corrections.

The indicator for the third type of entry (KPC = ±3) to the plane change
program should now be set in the calling program. The iterative procedure
that produces the in-plane maneuvers should be restarted. The last set of
in-plane maneuvers that was computed will be use for a f irst guess. When the
plane change subroutine is entered, the same computations will be made as
were made on the f i rs t entry type, except that the corrections computed on the
second entry type are.applied.

The formulae used in the program are contained in the detailed flowchart
(Figure PMMPNE - 1).
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a; Symbol — PMMRKJ
b. .Program Name — CSM/LM Powered Flight Numerical Integration

and Guidance Module .
c. Programming Group — Maneuver Control

, d. Programmer — j. Gardner
.. e. Language — FORTRAN

f. Data Tables Used— None, . ..
g. MED's Used — None ,
h. Writeup Completion Date — 10/13/67
i. Input — Table PMMRKJ-1
j. Auxiliary Output Table — Table PMMRKJ-2
k. Ephemeris Table — table PMMRKJ-3 . ;

. 1. Table of Weights — Table PMMRKJ-4 . . . ;

m. System Parameters — Table PMMRKJ-5
n. Description of Terms — Table PMMRKJ-6
o. Flowchart —- Figure PMMRKJ-1 . .

FUNCTION . : : ' - ;
 : , . , , . . : • • ; . - •

Load Module PMMRKJ is a program designed to integrate through periods
of powered flight and short spans of free flight; A fourth order Ruiige-Ku£ta,
Nystrom, numerical integration technique is used to generate an ephemeris
table of position and velocity vectors, an auxiliary output table, and a table of
weights. - . . • . . " • " • • . . . .

USAGE

a. Calling Sequence — In assembly language:
LINK EP = PMMRKJ, PARAM=(T, I, E, A, W)

In FORTRAN: . i
CALL LINK (PMMRKJ, T, t, E, A, W)

where: .
T = 60 double-word input table
I = error indicator (half word)
E = output ephemeris.table
A = 40-word auxiliary output table for maneuver
A = 20-word auxiliary output table for free flight
W = output table of weights

b. Inputs —.Table PMMRKJ-1
c. Outputs .

1. Table PMMRKJ-2 auxiliary outputa table
2. Table PMMRKJ-3 ephemeris table

• ".' 3. Table PMMRKJ-4 table of weights

.Approval Approval
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d. Other Programs Used — GIMGBL, GLFSAT, GLFDEN, GLMRTM,
DEXP, DCOS, DSQRT, DLOG, PCRUNG, PCRDD, PCGUID, PCINIT,
DSPARM

e. Data Restrictions and Limits A

1. All times input must be positive and conform to the following
restrictions: anchor time ^ left limit ^ right limit

anchor time ^ time to begin maneuver
2. The auxiliary output table is initialized to zero; thus, conditional

type entries in this table will be zero unless the condition is met. m
3. For RCS maneuvers AV desired must be ^ 0. That is, a desired ^

AV along the X-body axis is not allowed.
f. Error — Upon exit the error indicator will be set as follows:

0 for no errors
1 for impacted before reaching end conditions
2 for exceeded available fuel
3 for error in guided maneuver definition

If an error condition is met, the r, v, and t at the time the error
occurred will be stored in words 8-14 of the auxiliary output table.

Table PMMRKJ-1. Input

Word Byte Type Units Description and Range,

1-3 1-8 D Er Starting position vector
4-6 1-8 D Er/hr. Starting velocity vector
7 1-8 D hr. Starting time
8 1-8 D hr. Ephemeris output time cycle
9 1-8 D hr. Left integration limit
10 1-8 D hr. Right integration limit
11 1-8 D hr. Kickout altitude (if ^ 0, the system param-

eter value will be used)
12 1-8 D - Weight loss rate multiplier (should normally

be 1.0)
13 1-8 D hr. Time of LM jettison of descent stage
14 1-8 D Open for expansion
15 1-8 D Density multiplier (should normally be 1.0) '
16 1-8 D ft Vehicle cross sectional area .
17 1-8 D -Ibs. Weight of specified configuration 1
18 1,2 H Ephemeris output option:

-1 for r only
0 for none

+1 for r and v
+2 for r and v and table of weights m
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Table PMMRKJ-1. Input (Cont'd. )

Word Byte Type Units Description and Range

18 3,4 H Auxiliary output option:
1 for table desired
0 for table not desired

18 7, 8 Open for expansion
19 1-8 CSM WT
20 1-8 LM WT
21 1,2 H Attitude code:

0 - no maneuver
±1 - fixed inertial
±2 - manual holding body orientation

.invariant
±3 - Lambert Guidance*
±4 - external AV (primary)
±5 - external AV (LM, AGS)
negative sign indicates initial attitudes

are siren.
21 3,4 H Thruster code:

1 - CSMRCS+X (2 thrusters)
2 - CSMRCS+X (4 thrusters)
3 - CSMRCS-X (2 thrusters)
4 - CSMRCS-X (4 thrusters)

16 - S-IVB blowdown vent
17 - LEMRCS+X (2 thrusters)
18 - LEMRCS+X (4 thrusters)
19 - LEMRCS-X (2 thrusters)
20 - LEMRCS-X (4 thrusters)
33 - CSMSPS
34 - LEMAPS
35 - LEMDPS

21 5,6 H Ullage option:
0 - two thrusters
1 - four thrusters

21 7,8 Open for expansion
22 1,2 H Configuration code at maneuver initiation:

0 for CSM
1 for LM
2 for CSM and LM

23 1-8 D hr. Time to begin maneuver (first phase)
24 1-8 D hr. At of ullage (=0 for RCS)
25 1-8 D hr. At of maneuver (no pure ullage or tailoff)

(=0 if AV is given)

*Lambert Guidance not a requirement for EORP.
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Word

26

#27
28
29

##30
31
32

33
34
35
36
37
38
39

Byte

1-8

1-8
1-8
1-8

1-8
1-8
1-8
1-8
1-8
1-8
1-8

Type

D

D
D
D

D
D
D
D
D
D
D

Units

Er/hr

hr.

40

40

40
41
42
43
44

45

46

47-60

Table PMMRKJ-1. Input (Cont'd. )

Description and Range

1-2

3-4

5-8
1-8
1-8
1-8
1-8

1-8

1-8

1-8

H

D

D

D

D

Er/hr.

Er/hr.

Er/hr.

AV desired (if < 0 it is AV along X-body
excluding tailoff)

„,. I A RTCC inertial coordinates of unit
^f Z\

( T thrust vector at burn initiate

RTCC inertial coordinates of the
unit vectors in the direction of the
vehicle body X, Y, Z axes,
respectively

RTCC inertial coordinates of
the unit vectors in the direction

X}A of the vehicle body X, Y, Z
Y>Z axes, respectively
z) B

At at 10% thrust level for DPS thruster:
Set negative if DPS. Short burn test
is to be ignored.

Maneuvering vehicle code:
1 - for CSM
2 - for S-IVB
3 - for LM

Thruster trim angle indicator:
-1 if angles to be computed
+ 1 if system parameters are to be used

Open for expansion
Docking angle
Open for expansion
Open for expansion

V-< ,

External AV in RTCC inertial
coordinate system

x

v

Open for expansion

#Words 27, 28, 29 need be set only for inertial maneuvers.
##Words 30, 31, 32 must be set for all multi-phase maneuvers.
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Table PMMRKJ-2. Auxiliary Output

Word

1-3 1-8

Units

Er

4-6
7
8-10
11-13
14
15
16
17
18
19
20
21

22

23

24

25
26
27
28
29
30
31
32
33
34

35
36
37
38
39
40

1-8
1-8
1-8
1-8
1-8
1-8
1-8
1-8
1-8
1-8
1-8
1-8

1-8

1-8

1-8

1-8
1-8
1-8
1-8
1-8
1-8
1-8
1-8
1-8
1-8

1-8
1-8
1-8
1-8
1-8
1-8 '

Er/hr
hr.
Er
Er/hr
hr.
hr.
rad.
rad.
hr.
rad.
rad.
Er/hr,

Er/hr

Er/hr,

Er/hr ,

Er/hr,
Er/hr
hr.
Ibs.

Er/hr ,

rad.
rad.

hrs.

Description and Range

For no maneuvers: r, v", t at t
L

For maneuvers: r, v, t at burn initiate

For no maneuvers: r, v, t at t
R

For maneuvers: r, V, t at end of maneuver
Time at 400K feet
Geodetic latitude at 400K feet
Longitude at 400K feet
Time at 25K feet
Geodetic latitude at 25K feet
Longitude at 25K feet
V v i

Velocity to be gained at G and N
V
gy initiate in inertial coordinates

AV of maneuver along X-body axis excluding
tailoff

Total AV of tailoff
Total AV of maneuver
At of maneuver excluding tailoff
Weight at end of maneuver
Weight loss during maneuver
Area

* I inertial coordinates of unit
T | thrust vector at burn initiate

AV of tailoff along X-body axis (does not
apply for RCS maneuvers)

Pitch gimbal at burn initiate
Yaw gimbal at burn initiate
AV of pure ullage
At of tailoff
Weight at main engine on
Open for expansion
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Table PMMRKJ-3. Ephemeris

Word Byte Units

1
2
3
4-6
7-9
10-12
13-15

1-8
1-8
1-8
1-8
1-8
1-8
1-8

hr.
hr.
hr.
Er
Er/hr
Er
Er/hr

Description and Range

Timer interval at which ephemeris is stored
Time associated with first entry in ephemeris
Time associated with last entry in ephemeris
Position vector - 1st entry
Velocity vector - 1st entry
Position vector - 2nd entry
Velocity vector - 2nd entry
Etc.

Word

1
2

Byte

1-8
1-8

Table PMMRKJ-4. Table of Weights

Units Description and Range

Ibs.
Ibs.

Weight - 1st entry
Weight - 2nd entry
Etc.

METHOD

This program integrates the Newtonian equation of motion,

f.

where

where

-3V

dr

A
Z

-U r
1 + J (a/rp (l - 5 (z/ i ) )

= (0, 0, 1)

J a2Z
5 2

d X
-nx

3
1 + J (a / r ) 2 ( l - 5 ( Z / r ) 2 )
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av _ -it Y
ay ~ 3 1 + J2 (a/r)2 (l - 5 (Z/ r ) 2 )

- H Z 1 + J (a/r)2 (3 - 5 ( Z / r ) )

where J = (1.62345) (10) = second harmonic coefficient,
b

a = Earth's equatorial radius
H = gravitational constant times mass of Earth.

For free-flight integration, F is given by

F = D

where D = atmospheric drag acceleration.

The three components of drag acceleration are given by:

A
D = - 1/2 P ^ ,

x M D r r
V X ,

where

D = - 1/2 p-r-r C^ V Y ,
y M D r r

D = - 1/2 p — C V Z ,
z M D r r

X = X + Yw
r

Y = Y - Xw

Z = Z

1/2

r r

cu = Earth's rotational velocity,

A = cross sectional area,
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M = mass

C = coefficient of atmospheric drag,

P = atmospheric density.

The thrust acceleration vector is given by:

T G
T - -£— A1 W AT

where T = thrust level,
o

W = weight,

G = acceleration constant,

A
A = unit thrust vector

The maneuver thrust acceleration vector is a function of the engine, maneuver
phase, and maneuver type. For the LM RCS, and CSM RCS engines the thrust
level is constant throughout the burn. The unit thrust vector for RCS maneuvers
is determined as follows:

Fixed Inertial
The unit thrust vector is input and is held throughout the maneuver.

Manual
A A A

The unit thrust vector is given by A = X where X = inertial coordi-
nates of X body axis

External AV
When the initial attitudes are given, the initial unit thrust vector is
given by

A A

AT • Xb

Steering is suppressed for two computational cycles (4 seconds). At this
time the desired unit thrust vectors for the upcoming cycle are given by

t ,

^TR= unit {y
where

V = input external AV
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A

A
1 K.

A
AATL

= unit thrust vector at the end of current computational cycle

= AA

-unit (A + ATR)

The unit thrust vector for the upcoming computational cycle is then given by:

AT = A T L f ° r k l '

LTM for k2 and k^

AT = ATR

When the initial attitudes are not given, the initial unit thrust vector is
given by A = unit (v ). The above procedure is repeated each computa-

&

tional cycle with V being updated by
O

where

v = current velocity vector,'
n

v = previous velocity vector,
n

g = current acceleration due to drag and Earth's potential

g = previous g

AT = elapsed time from v ' to v
p n n

The APS and SPS maneuvers are five phase:

Phase 1 - ullage
Phase 2 - ullage plus buildup
Phase 3 - ullage plus main engine
Phase 4 - main engine
Phase 5 - tailoff . • •
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The DPS maneuver is six phase:

Phase 1 - ullage
Phase 2 - ullage plus ten percent
Phase 3 - ten percent
Phase 4 - buildup of main engine
Phase 5 - main engine
Phase 6 - tailoff

The thrust level for each phase, except tailoff and main engine phase, is a
system parameter. The thrust level during main engine phase is a function of
the weight and is computed by subroutine GIMGBL. The thrust level for tailoff is

to

where

= thrust at engine off,

= full load thrust,

'to
= tailoff thrust corresponding to full load thrust

During the ullage phase of APS, DPS, and SPS maneuvers the unit thrust
vector is given by

A
= Xb.

At main engine on the unit thrust vector is determined as follows:

Fixed Inertial
When the initial attitudes are given the unit thrust vector is determined
in the same manner as for a manual maneuver. When the initial attitudes
are not given, the unit thrust vector is input. In both cases the initial
direction is held throughout the burn.

Manual
The unit thrust vector is determined from a sequence of rotations:

A
Ar
A '

Y r
A

Z,

= R Z ( 9 Z ) R Y ( V

A

X
A
Y

A

L Z b J



cr>

ltSI?| RTCC APQLLD PROGRAMMING SYSTEMS
BOOK:, MISSION SYSTEMS - AS-200 Mission Planning

2. PMMR t_
DATE 11/10/67 (205)
REV
PAGE 11 of 47

where
A
X
A

Y
A
Z

R

R

= inertial coordinates of X body axis,

- inertial coordinates of Y body axis,

= inertial coordinates of Z body axis,

= rotation about Y body axis,

= rotation about Z body axis,

= cant angles for APS thruster,

= cant angles for APS thruster,

gimbal angles so as to fire through the
= center of gravity for SPS and DPS

thrusters.

Z

External
When the initial attitudes are given, the initial unit thrust vector is deter-
mined in the same manner as for a manual maneuver. Steering is
suppressed for two computational cycles after main engine on. After
this time, the unit thrust vector is determined as described for RCS
external AV maneuvers. When the initial attitudes are not given, the
initial unit thrust vector is determined as described for RCS external AV
maneuver.

The numerical integration technique used to integrate the equations of motion
is the Nystrom modification of a fourth-order Runte-Kutta scheme given by:

, ,n+l . = r . + h r . + j- ( K- .
,x n, i n, i 6\ l,i + K, . + K, . \

2, i 3, i J

= r . + 7-
n, i 6

. + 2K_ . + 2K, . + K, .\,
i Z,i 3, i 4«

where:

K . . = h r( t r . r . \
l,i \ n, n, i n, i /

K2,i

K
3, i

= h r ( t + ) , ( r . + r . + K . . ) . ( r . + K . .
\ n 2/ \ n, i 2 n, i 8 l , i / \ n, i 2 l,i

= h f n ' • +7' - + ! K i - V C ' - + 7 K
? -\ n,i 2 n, i 8 l , i / V n, i 2 2,1
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where:

K4,i

h

r

r

r

for i

f t + h V f r . +h r . +K . W r . + K_ .
V n / V n . i n , i 2 3 , i / V n , i 3 , i

= h r

= integration time step,

= position vector,

= velocity vector,

= acceleration vector,

= x, y, z, and n = 1, 2, 3,
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Figure PMMRKJ-1. Flowchart
(Sheet 19 of 23)
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a. Symbol — PMMRKJ
b. Program Name — CSM/LM Powered Flight Numerical Integration

and Guidance Module
c. Programming Group — Maneuver Control
d. Programmer — J. Gardner
e. Language — FORTRAN
f. Data Tables Used — None
g. MED1 s Used — None
h. Writeup Completion Date — 10/13/67
i. Input — Table PMMRKJ-1
j. Auxiliary Output Table — Table PMMRKJ-2
k. Ephemeris Table — Table PMMRKJ-3 :
1. Table of Weights — Table PMMRKJ-4
m. System Parameters — Table PMMRKJ-5
n. Description of Terms — Table PMMRKJ-6
o. Flowchart — Figure PMMRKJ-1

FUNCTION

Load Module PMMRKJ is a program designed to integrate through periods
of powered flight and short spans of free flight. A fourth order Runge-Kutta,
Nystrom, numerical integration technique is used to generate an ephemeris
table of position and velocity vectors, an auxiliary output table, and a table of
weights.

USAGE

a. Calling Sequence — In assembly language:
LINK EP = PMMRKJ, PARAM=(T, I, E, A, W)

In FORTRAN:
CALL LINK (PMMRKJ, T, I, E, A, W)

where:
T = 60 double-word input table
I = error indicator (half word)
E = output ephemeris table
A = 40-word auxiliary output table for maneuver
A = 20-word auxiliary output table for free flight
W = output table of weights

b. Inputs — Table PMMRKJ-1
c. Outputs

1. Table PMMRKJ-2 auxiliary outputa table
2. Table PMMRKJ-3 ephemeris table

. 3. Table PMMRKJ-4 table of weights

Approval Approval
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d. Other Programs Used — GIMGBL, GLFSAT, GLFDEN, GLMRTM,
DEXP, DCOS, DSQRT, DLOG, PCRUNG, PCRDD, PCGUID, PCINIT,
DSPARM

e. Data Restrictions and Limits

1. All times input must be positive and conform to the following
restrictions: anchor time ^ left limit ^ right limit

anchor time ^ time to begin maneuver
2. The auxiliary output table is initialized to zero; thus, conditional

type entries in this table will be zero unless the condition is met.
3. For RCS maneuvers AV desired must be ^ 0. That is, a desired

AV along the X-body axis is not allowed.
f. Error — Upon exit the error indicator will be set as follows:

0 for no errors
1 for impacted before reaching end conditions
2 for exceeded available fuel
3 for error in guided maneuver definition

If an error condition is met, the r, v, and t at the time the error
occurred will be stored in words 8-14 of the auxiliary output table.

Table PMMRKJ-1. Input

Word Byte Type Units^ Description and Range

1-3 1-8 D Er Starting position vector
4-6 1-8 D Er/hr. Starting velocity vector
7 1-8 D hr. Starting time
8 1-8 D hr. Ephemeris output time cycle
9 1-8 D hr. Left integration limit
10 1-8 D hr. Right integration limit
11 1-8 D hr. Kickout altitude (if ^ 0, the system param-

eter value will be used)
12 1-8 D - Weight loss rate multiplier (should normally

be 1.0)
13 1-8 D hr. Time of LM jettison of descent stage
14 1-8 D Open for expansion
15 1-8 D Density multiplier (should normally be 1.0)
16 1-8 D ft Vehicle cross sectional area
17 1-8 D Ibs. Weight of specified configuration
18 1,2 H Ephemeris output option:

-1 for F only
0 for none

+1 for r and v
+2 for r and v and table of weights
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Word Byte Type Units

18 3,4 H

18
19
20
21

21

21

21
22

23
24
25

7,8
1-8
1-8
1,2

3,4

5,6

7,8
1,2

1-8
1-8
1-8

H

H

H

H

D
D
D

hr.
hr.
hr.

Description and Range

Auxiliary output option:
1 for table desired
0 for table not desired

. Open for expansion
CSM WT
LM WT
Attitude code:

0 - no maneuver
±1 - fixed inertial
±2 - manual holding body orientation

invariant
±3 - Lambert Guidance*
±4 - external AV (primary)
±5 - external A~V (LM, AGS)
negative sign indicates initial attitudes

are siren.
Thruster code:

1 - CSMRCS+X (2 thrusters)
2 - CSMRCS+X (4 thrusters)
3 - CSMRCS-X (2 thrusters)
4 - CSMRCS-X (4 thrusters)

16 - S-IVB blow down vent
17 - LEMRCS+X (2 thrusters)
18 - LEMRCS+X (4 thrusters)
19 - LEMRCS-X (2 thrusters)
20 - LEMRCS-X (4 thrusters)
33 - CSMSPS
34 - LEMAPS
35 - LEMDPS

Ullage option:
0 - two thrusters
1 - four thrusters

Open for expansion
Configuration code at maneuver initiation:

0 for CSM
1 for LM
2 for CSM and LM

Time to begin maneuver (first phase)
At of ullage (=0 for RCS)
At of maneuver (no pure ullage or tailoff)

(=0 if AV is given)

*Lambert Guidance not a requirement for EORP.
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Table PMMRKJ-1. Input (Cont'd. )

#27
28
29

##30
31
32

33
34
35
36
37
38
39

40

40

40
41
42
43
44

45

46

47-60

Byte Type Units

1-8 D Er/hr.

1-8
1-8
1-8

1-8
1-8
1-8
1-8
1-8
1-8
1-8

1-2

3-4

5-8
1-8
1-8
1-8
1-8

1-8

1-8

1-8

D
D
D

D
D
D
D
D
D
D

H

D

D

D

D

hr.

Er/hr.

Er/hr.

Er/hr.

Description and Range

RTCC inertial coordinates of unit
thrust vector at burn initiate

AV desired (if < 0 it is AV along X-body
excluding tailoff)

X
Y
Z.
X} A RTCC inertial coordinates of the
Y/X- unit vectors in the direction of the
Z/ vehicle body X, Y, Z axes,

respectively

RTCC inertial coordinates of
the unit vectors in the direction
of the vehicle body X, Y, Z
axes, respectively

At at 10% thrust level for DPS thruster:
Set negative if DPS. Short burn test
is to be ignored.

Maneuvering vehicle code:
1 - for CSM
2 - for S-IVB
3 - for LM

Thruster trim angle indicator:
-1 if angles to be computed
+ 1 if system parameters are to be used

Open for expansion
Docking angle
Open for expansion
Open for expansion

X
V,

V.

External AV in RTCC inertial
coordinate system

Open for expansion

#Words 27, 28, 29 need be set only for inertial maneuvers.
##Words 30, 31, 32 must be set for all multi-phase maneuvers.
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Table PMMRKJ-2. Auxiliary Output

Word

1-3

4-6
7
8-10
11-13
14
15
16
17
18
19
20
21

22

23

24

25
26
27
28
29
30
31
32
33
34

35
36
37
38
39
40

Byte

1-8

1-8
1-8
1-8
1-8
1-8
1-8
1-8
1-8
1-8
1-8
1-8
1-8

1-8

1-8

1-8

1-8
1-8
1-8
1-8
1-8
1-8
1-8
1-8
1-8
1-8

1-8
1-8
1-8
1-8
1-8
1-8

Units

Er

Er/hr,
hr.
Er
Er/hr.
hr.
hr.
rad.
rad.
hr.
rad.
rad.
Er/hr

Er/hr

Er/hr

Er/hr

Er/hr
Er/hr
hr.
Ibs.

Er/hr

rad.
rad.

hrs.

Description and Range

For no maneuvers: r, v", t at t
L

For maneuvers: r, v, t at burn initiate

For no maneuvers: r", v, t at t_

For maneuvers: r, v, t at end of maneuver
Time at 400K feet
Geodetic latitude at 400K feet
Longitude at 400K feet
Time at 25K feet
Geodetic latitude at 25K feet
Longitude at 25K feet
Vgx )

r Velocity to be gained at G and N
gy / initiate in inertial coordinates

V \
gz /

AV of maneuver along X-body axis excluding
tailoff

Total AV of tailoff
Total AV of maneuver
At of maneuver excluding tailoff
Weight at end of maneuver
Weight loss during maneuver
Area

» I inertial coordinates of unit
T j thrust vector at burn initiate

AV of tailoff along X-body axis (does not
apply for RCS maneuvers)

Pitch gimbal at burn initiate
Yaw gimbal at burn initiate
AV of pure ullage
At of tailoff
Weight at main engine on
Open for expansion
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Table PMMRKJ-3. Ephemeris

Word Byte Units

1
2
3
4-6
7-9
10-12
13-15

1-8
1-8
1-8
1-8
1-8
1-8
1-8

hr.
hr.
hr.
Er
Er/hr
Er
Er/hr

Description and Range

Timer interval at which ephemeris is stored
Time associated with first entry in ephemeris
Time associated with last entry in ephemeris
Position vector - 1st entry
Velocity vector - 1st entry
Position vector - 2nd entry
Velocity vector - 2nd entry
Etc.

Word

1
2

Byte

1-8
1-8

Table PMMRKJ-4. Table of Weights

Units

Ibs.
Ibs.

Description and Range

Weight - 1st entry
Weight - 2nd entry
Etc.

METHOD

This program integrates the Newtonian equation of motion,

where

where

-9V

Z = (0, 0, 1)
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V
BY " 3r

( a / r ) 2 ( l - 5 (Z / r ) 2 )

SV _ -HZ
dZ 3

(a / r ) 2 (3 - 5

_3
where J_ = (1.62345) (10) = second harmonic coefficient,

L* '

a = Earth's equatorial radius
|_l = gravitational constant times mass of Earth.

For free-flight integration, F is given by

F = D

where D = atmospheric drag acceleration.

The three components of drag acceleration are given by:

A
D

D
A

V r X r '

C D V r Y r «

where

D = - 1/2 p — C^ V Z ,
z M D r r

X = X + Yw

Y = Y - Xw

Z = Z
r

V
r

uu

A

1/2

Earth's rotational velocity,

cross sectional area,
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M = ma.ss

C = coefficient of atmospheric drag,

P = atmospheric density. "

The thrust acceleration vector is given by:

T G '
T = ° .- A IT W AT \

where T = thrust level,
o

W = weight,

G = acceleration constant,

A
A = unit thrust vector

The maneuver thrust acceleration vector is a function of the engine, maneuver
phase, and maneuver type. For the LM RCS, and CSM RCS engines the thrust A
level is constant throughout the burn. The unit thrust vector for RCS maneuvers '
is determined as follows:

Fixed Inertial
The unit thrust vector is input and is held throughout the maneuver.

Manual
A A A

The unit thrust vector is given by A = X where X = inertial coordi-
nates of X body axis

External AV
When the initial attitudes are given, the initial unit thrust vector is A
given by "

A A
AT * Xb

Steering is suppressed for two computational cycles (4 seconds). At this
time the desired unit thrust vectors for the upcoming cycle are given by |

where

V~ = input external AV
g
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n
A = unit thrust vector at the end of current computational cycle

* _
ATL~ AT

= unit (ATL + ATR)

The unit thrust vector for the upcoming computational cycle is then given by:

A A
A — A

m ^^ rr\ T

A A

AT = ATM

A A

T ~ TR 4

When the initial attitudes are not given, the initial unit thrust vector is
given by A = unit {v ). The above procedure is repeated each computa-

O

tional cycle with V being updated by
O

where

v = current velocity vector,
n '

v' = previous velocity vector,

g = current acceleration due to drag and Earth's potential

g = previous g

AT = elapsed time from v ' to v
p n n

The APS and SPS maneuvers are five phase:

Phase 1 - ullage
Phase 2 - ullage plus buildup
Phase 3 - ullage plus main engine
Phase 4 - main engine
Phase 5 - tailoff
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The DPS maneuver is six phase:

Phase 1 - ullage
Phase 2 - ullage plus ten percent
Phase 3 - ten percent
Phase 4 - buildup of main engine '•
Phase 5 - main engine
Phase 6 - tailoff

The thrust level for each phase, except tailoff and main engine phase, is a
system parameter. The thrust level during main engine phase is a function of
the weight and is computed by subroutine GIMGBL. The thrust level for tailoff is

to

where

'to

= thrust at engine off,

= full load thrust,

= tailoff thrust corresponding to full load thrust

During the ullage phase of APS, DPS, and SPS maneuvers the unit thrust
vector is given by

A
Ar

A

= x.

At main engine on the unit thrust vector is determined as follows:

Fixed Inertial
When the initial attitudes are given the unit thrust vector is determined
in the same manner as for a manual maneuver. When the initial attitudes
are not given, the unit thrust vector is input. In both cases the initial
direction is held throughout the burn.

Manual
The unit thrust vector is determined from a sequence of rotations:

A
Ar
A

Y r
A

Z, A

- z b J
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where
A
X, = inertial coordinates of X body axis,
A b

Y, = inertial coordinates of Y body axis,
A b

Z, = inertial coordinates of Z body axis,
b

R = rotation about Y body axis,

R = rotation about Z body axis,

8 = cant angles for APS thruster,
L-i

8 = cant angles for APS thruster,

Z gimbal angles so as to fire through the
= center of gravity for SPS and DPS

Y thrusters.

External AV
\ When the initial attitudes are given, the initial unit thrust vector is deter-

mined in the same manner as for a manual maneuver. Steering is
suppressed for two computational cycles after main engine on. After
this time, the unit thrust vector is determined as described for RCS
external AV maneuvers. When the initial attitudes are not given, the
initial unit thrust vector is determined as described for RCS external AV
maneuver.

The numerical integration technique used to integrate the equations of motion
is the Nystrom modification of a fourth-order Runte-Kutta scheme given by:

r . + rf K. . + K_ . + K . \1 ,
n, i 6 \ l,i 2, i 3, i J\

r , . — T . T ~r I K, . T 2K_ . + 2K_ . ~)~ K
n+l , i n, i 6 V l,i 2,i 3, i 4,

where:

K. . = h r(t r . r . Y
l,i V n, n, i n, i/

^

, h . , h _, \ / - ,1

K

— Jn r I I t • "^ 11 i * • ' - * • * • • p n ••-*• i • j > i * • '-^\n 2 / \ n, i 2 n, i 8 l , i / \ n , i 2

••/ , n \ / . n • • n t>-
r ( t + T )» I r - + T r • + ^ K i -\ n 2 / \ n, i 2 n , i 8 l,i-*. "" A1 * I I ^ ' -^ I > I * • -» A • r* •*•*•! I > I * "» •*•*•->3, i \n 2 / \ n , i 2 n , i 8 l , i / \ n, i 2 2,i
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where:

= h r (t + h) , ( r . + h r . + T K? • )' ( * • + K, .t.i IV n / V n,i n,i 2 3 , i / V n, i 3, i

h = integration time step,

r = position vector,

r = velocity vector,

r = acceleration vector,

for i = x, y, z, and n = 1 , 2 , 3,
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Figure PMMRKJ-1. Flowchart
(Sheet 1 of 23)
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Figure PMMRKJ-1. Flowchart
(Sheet 6 of 23)
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(Sheet 8 of 23)



IBM RTCC APOLLO PROQRAMMINQ SYSTEMS

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

Figure PMMRKJ-l. Flowchart

2.PMMRKJ

DATE l l ' /27/67 (EORP)
REV
PAGE 33 of 47

fat*, -z O

(Sheet 9 of 23)



lO
en
en

I
en RTCC APDLLD PRDBRAMMINQ SYSTEMS

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

2.PMMRKJ
DATE 11/27/67 (EOI
REV
PAGE 34 of 47

71- -A

Figure PMMRKJ-1. Flowchart
(Sheet 10 of 23)



UD
cn
en
i

cn
cn

RTCC APDLLD PROGRAMMING SYSTEMS

BdOK: MISSION SYSTEMS - AS-200 Mission Planning

2. PMMRKJ
DATE H/27 /67 (EORP)
REV
PAGE 35 of 47

- O

Myte.v.v-e,^
PWi ^e

•?

A!*

Figure PMMRKJ-1. Flowchart
(Sheet 11 of 23)



en
en

i
en

en

RTCC APOLLO PROGRAMMING SYSTEMS

BOOK:MISSION SYSTEMS - AS-200 Mission Planning

2.PMMRKJ

DATE l l ' f27/67 (EORP
REV
PAGE 36 ,of 47

p
AT.,*.*

Figure PMMRKJ-1. Flowchart
(Sheet 12 of 23)



CT>

I
cn
i/i

IBM RTCC APDLLD PROGRAMMING SYSTEMS

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

s /

*f

z 7

2. PMMRKJ

DATE 11/27/67 (EORP)
REV
PAGE 37 of 47

Figure PMMRKJ-1. Flowchart
(Sheet 13 of 23)



ID
cn
en IBM RTCC APDLLD PROGRAMMING SYSTEMS

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

2. PMMRK J
DATE 11/27/67 (EORP
REV
PAGE 38 of 47

Figure PMMRKJ-l. Flowchart
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IBM RTCC APOLLO PROGRAMMING SYSTEMS

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

t 2. PMMRKJ

GATE H/27/67 (EORP)
REV
PAGE 39 of 47

r: O

Figure PMMRKJ-1. Flowchart
(Sheet 15 of 23)



10

CT>
I

(ft

RTDC APDLLD PROGRAMMING SYSTEMS

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

- I

Figure PMMRKJ-I. Flowchart

2. PMMRKJ
DATE 11/27767 (EORI
REV
PAGE 40 of 47

A A

I

(Sheet 16 of 23)



vO

I
cn RTCC APDLLD PROGRAMMING SYSTEMS

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

~T7\

>

>

1

\

\

>

\

I

5P5

Figure PMMRKJ-I. Flowchart

2. PMMRKJ
DATE ll/ '27/67 (EORP)
REV
PAGE 41 of 47

(Sheet 17 of 23)



<dD
en
en
i

en
IBM RTCC APOLLO PROGRAMMING SYSTEMS

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

2.PMMRKJ
DATE 11/27/67 (EORP
REV
PAGE 42 of 47

PP5

11)

Figure PMMRKJ-1. Flowchart
(Sheet 18 of 23)



I
cr> RTCC APOLLO PROGRAMMING SYSTEMS

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

2. PMMRKJ

DATE 11/27/67 (EORP)
REV :
PAGE 43 of 47

Figure PMMRKJ-1. Flowchart
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2. PMMSCH

a. Symbol — PMMSCH
b. Program Name — DKI Scheduling
c. Programming Group — Rendezvous Planning
d. Programmer — R. J. Barrett
e. Language — FORTRAN IV
f. Data Tables Used — None
g. MED's Used — None
h. Writeup Completion Date — 11/16/66
i. Program Symbols — Table PMMSCH-1
j. Input Parameters — Table PMMSCH-2
k. Output Parameters — Table PMMSCH-3
1. Flowchart — Figure PMMSCH-1.

FUNCTION

PMMSCH schedules the input in-plane maneuver points: height, phase
and circularization, according to ground rules. It also sequences these points,
including an input plane change point in ascending order while keeping their
respective indentification codes in the same order. In addition, the target
vehicle lift-off delay time is computed if a phase maneuver is desired.

USAGE

a. Calling Sequence — CALL PMMSCH (DKIBLK)
b. Inputs — Refer to Table PMMSCH-1
c. Outputs and Exit — Refer to Table PMMSCH-2
d. Other Programs Used — PMMAEG, PCHAPE
e. Data Restrictions and Limits — None
f. Error — ICODE = 0, normal return

= -1, working counter line past circularization
point

= +1, go to next mode
= +2, error return from PMMAEG
= +3, incorrect mode input

>
Approval Approval
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The program takes the desired controller input points (counter line maneu-
ver values) and performs the following operations:

a. Checks to determine if the circularization point (NSR) is past the
working counter line (NA); if so, no plan is possible and the proper
indicator is set.

b. Computes maneuver points from input values according to the mode
input, (phase at apogee for mode 1; phase at perigee for mode 2).

c. Determines if NSR is within half an orbit of NA; if so, NSR is only
maneuver that can be scheduled. Otherwise a height maneuver (NH)
and a phase maneuver (NCI) are scheduled provided the controller
wanted these maneuvers and there is adequate time to perform them.

When a phase maneuver is scheduled, the phase angle at NSR is computed
and compared with the desired angle to determine if the chaser vehicle will be
able to catch the target vehicle using the scheduled maneuver points. If not,
the scheduled points are adjusted in an attempt to produce values that will
enable the chaser to catch the target. If the adjustments fail to produce the
proper catch-up rate, an error code is set and the routine returns to the calling
program.

However, if the chaser was able to catch the target, whether using the
scheduled points or corrected ones, the program goes on to compute the delay
lift-off time, DTL. DTL is the maximum amount lift-off time (GMTLO)
can be slipped and still achieve rendezvous at the input M-line.

Before returning the maneuver counter line values, the program arranges
them in ascending order in an output area. In addition, the identification
codes associated with each desired point are kept in a 1-1 correspondence with
its scheduled value in another output area.

The plane change maneuver, NPC, if scheduled by the calling program, is
included in the sequenced output array of maneuver counter line points.
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a. Symbol — PMMSPQ
b. Program Name — Coelliptic Sequence
c. Programming Group — Rendezvous Planning (Mission Planning)
d. Programmer(s) — M. R. Secondo
e. Language — FORTRAN and Assembler
f. Data Tables Used — None
.g. MED's Used — P80, K05, KOI
h. Writeup Completion Date — 11/16/67
i. System Parameters — Table PMMSPQ-1.
j. Flowchart — Figure PMMSPQ-1.

FUNCTION

The Coelliptic Sequence program is an iterative maneuver scheme which
computes the incremental velocities needed at the scheduled midcourse maneu-
vers to satisfy some relative vehicle positioning at the Terminal Phase Ini-
tiation point (TPI). Maneuvers of the sequence include the Concentric Sequence
Initiation maneuver (CSI), the Constant Height Difference maneuver— also
termed the Coelliptic maneuver (CDH), and a Plane Change Maneuver (PC).

USAGE

a. Calling Sequence — LINK EP = PMMSPQ, PARAM = (OKI, ELEM)
b. Inputs

Input to the Coelliptic Sequence program is by MED request and
is a function of the options requested for a plan.

The initial phase angle may be defined in one of three ways:
(1) the phase angle having the smallest absolute value, or (2) as the
positive phase angle, or (3) as the negative phase angle. Different
solutions will result from the iterative procedure dependent upon
this definition.

At the CSI maneuver point, if it is scheduled, t'ie time of CSI
is always input. No radial incremental velocity component is
computed and the 'CSI maneuver is the means of adjusting the height
difference at CDH or the line-of-sight at TPI.

In defining the CDH maneuver point there are three options:
(1) it may occur at a desired apsis arrival after CSI, or (2) after
some desired travel angle from CSI, or (3) it may be scheduled at
an input time. If the CSI maneuver is not scheduled, CDH has to
be scheduled at a time. The CDH maneuver may not be deleted
unless the CSI is also deleted.

Approval Approval

VAA vXAA-v
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2. PMMSPQ

If no plane change maneuver is scheduled, an option exists to
apply the.CSI and CDH maneuvers in-plane or parallel to the tar-
get plane.

A plane change maneuver may be scheduled any time prior to
TPI by inputing a threshold option and a subsequent common node.
The options for the threshold include inputing a time, or it may be
designated to be either CSI or CDH time. Either the active or
target vehicle may do the plane change maneuver.

There are two options for defining the desired relative vehicle
positioning at TPI: (1) so that the active vehicle have a desired
line-of-sight angle to the target at the desired time of TPI or (2) so
that the active vehicle have a desired differential altitude at CDH
with respect to the target vehicle. The first option does not use an
input desired differential altitude; that is, the iteration is based on
the line-of-sight at TPI and therefore the height difference at CDH
is a function of that angle and the TPI time. When iterating on a
differential altitude at CDH, the program will ignore the option
which defines TPI and will find TPI as a function of the desired
height difference and line-of-sight angle.

Witi.} the option to iterate on,a line-of-sight, the desired TPI
time \n be input or it may be computed as the time of target
arrival a- a desired sunlighting condition or at a desired earth
longitude.

Each of the input options from the MED request is stored in the
DKI common area (the writeup of PMMDKI defines the input
variables).

c. Outputs and Exit — The'elements before, and after, each maneuver
are stored in the DKI area as well as any error which may have
been detected.

d. Other Programs Used — PMMAEG, PMMDAN, PMMPNE, GIMIKC,
GIMKIC, DSQRT, DARCOS, DARSIN, DATAN, DTAN, DSIN, DCOS,
DATAN2

e. Data Restrictions and Limits — None
f. Errors — INERR = 0, if no errors exist

INERR =1, if the Analytic Ephemeris Generator (AEG)
input is unacceptable
INERR =2, if there is a failure to converge and the
plan is retained
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INERR = 3, if there is a time violation
INERR = 5, if there is a AV violation
INERR = 8, if there is a failure to converge and the
plan is deleted.
INERR < 0, AEG RETURN other than -1 or -2
INERR = 94, For failure to obtain the input elevation

METHOD

Upon entry to the coelliptic program, the initial phase angle is adjusted
according to the input option and TPI is determined. Then the adjusted
elements are restored and the iteration begins with the first maneuver in the
sequence. As the time of the plane change may occur any time prior to TPI,
a check must be made prior to each maneuver to ensure that if the plane change
is scheduled, it will be performed in the proper sequence.

In the iteration, AV is a function of the Coelliptic height difference at
CSI

CDH or the line-of-sight at TPI (a function of the phase angle). The method
of evaluating AV involves the solution of several differentials.

Considering V to be the horizontal CSI velocity and V to be the radial
j\ ' ' x i

CSI velocity, the total velocity can be expressed as

2 2 2v = v + v
X Y.

Differentiating,

vdv = v dv -f v dv
x x y y

Since CSI is a horizontal maneuver, dv = 0. Therefore:
y

vdv = v dv
X X

at the CSI point,

v2 : f2

V = M I ~R '\t\.

Differentiating, and with dR = 0,

da = 2a v dv = k dv where k = — —
- x x a x a dv
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For thi; eccentricity, c,

2

and the differential

R2v fk v - 2a) ,
x I a x / de

de = - r - * - dv = k dv where k = — —
4^a^e x e x e dv

x

With P =•

2R2v
X

dp = dv = k dv
|a x p x

To find the differential of the true anomaly with respect to V it is
necessary to differentiate the equation

P - R
cos f = where f is evaluated at CSI,

eR

R(P- R) k - eRkp
df = _ _ e dv = k.dv

22 . x f x
e R sin f

An alternate equation is used if f is near zero; that is,

sin f

Differentiating,

df = ^J£_L (ek - 2pk ) dv = k dv
Zep p e x f x

The cosine of the eccentric anomaly is

tr a"Rcos E =
ea
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•and the differential is

a (a - R) k - eRka

E
dv = k dv

x e x
e a sin E

Once again, if E is near zero, the following equation is evaluated for E

R _ e sin E
tan Y = —- - 2T7T

x ( 1 - e )

3

and dE
R e - (e - v k 1

I x e|
. , 2 1 / 2 2 2
(1 -e ) e v cos Ev ' x

dv =
x

For the mean anomaly

M = E - e sin E

the differential is

d = [(1 - e cos E) k--,- k sin E] dv
M iii e : x

Mean motion expressed as a function of a is

n = "

and this gives

dn =
a. Jt n jt

Letting the subscript "T" denote target vehicle parameters, the catchup
rate can be exprc ssed as

An = n - nm

and

d(An) = dn = k dv
n x
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For CD1I at an apsis and if N is the desired CDH apsis number from
CSI, N is set:

(1) for M<ff then N = N'
(2) for M^TT then N = N ' + 1

The time interval between CSI and CDH can then be expressed as

_ N77 - M
1 n

and

/ -nk , - (NTT - M) k
n L2 -- -dv

xn

Denoting CDH parameters by primes and considering f ' as CDH true
anomaly

then

df = 0 = k.dv for CDH at an apsis.
f x c

For CDH at an input time

t = T - T
1 CDH CSI

dt, = 0 = k dv
1 t x

so that

M' = M 4- t n

dM' = (k + tk ) dv = k' dv
rn In x m ;>

\

Since

f' = M' + 2e sin M7 + . . .
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df may be approximated as

df' = [ (1 + 2 e cos m' + 5/2 e
2 cos 2m') k ,+ (2

m
sin m

-f 5/2 e sin 2m ) k J dv
e x

The case where CDH is desired at an input travel angle from CSI, AU ,

then

f + AU
D

and

df' = df = k, dv = k,/dvf x f x

The mean anomaly can be expressed in terms of the true anomaly as

AM = AUD - 2e (sin f' - sin f) + 3/4 e2 (sin 2f' - sin 2f) +. . .

d(AM) = j [ 3/2 e ( sin 2f' - sin 2f) - 2(sin f' - sin f)] k
G

+ [3/2 e2 (cos 2f' - cos 2f) - 2e(cos f' - cos f)] k [ dv

d(AM) - k dv

Now,

AM
n

so that

dt
A_ - AMk
AM n

1
n

dv = k dv
x t x

If R' is the CDH radius and

P
R

1 + e cos f
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then

R '
dR' = -£- Ck - R (k cos f' - e k ,sin f ')] dv = k , dv

: P p e f x R x

The final differential dR is used in the computation of a first guess at
AV if a request is made to iterate on a height at CDH; that is,

AR
- - where AR is the difference between the input desired
-^rj '

t\

height difference and the actual height difference at CDH. Subsequent esti-
mates of AV are linear interpolations between previous estimates and

Col
the corresponding CDH height miss differences.

If a request was made to iterate on a line-of- sight angle at TPI, then
K / is used as follows: The mean motion of the chaser in the Coelliptic

K
orbit is n ' and the catchup rate is

A / /An = n - nT

d(An ' )= dn' •

where

dn' - ( -3/2 u1 / 2 a' ~ 5 / 2 K /) dv = K /dv .
R x n x

The phase angles at CDH and TPI are

where

9TPI = 6CDH

t = T - T
2 TPI CDH

With CSI and TPI as fixed points, then

(
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and

k, - 'lkn

' The desired phase angle at TPI is a function of the Coelliptic height
difference and the desired line-of-sight angle, e .

From Figure 1, the formula for the desired phase angle can be developed.

e - Desired Line-of-Sight Angle

Chaser Orbit

Target Orbit

Using the Law of Sines,

sin (8 + £ - jr) sin (90 + e )

R

R - Chaser Radius at TPI
c

R - Target Radius at TPI

8 - Desired Phase Angle
D at TPI

cos e

Taking the differential

-K_ / cos e

D . f~- 2 2
RTV1 - RC cos

dv = k. dv
x 0D x

Considering 0 and & to be, respectively, the actual phase angle and

the desired phase angle at TPI due to changing CSI horizontal velocity by
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V , then these quantities can be expressed as
y\

: SA ' 6TPI + dSTPI = 6TP! + K9Rdvx

Equating these two expressions and solving for dv
X.

e - B
, TPI D
dvx K - K C S I

and this becomes the first guess at the required CSI velocity increment to
achieve the desired line -of -sight angle at TPI.

As in the case of iterating on a height difference at CDH, subsequent
estimates of AV are linear interpolations between previous estimates

and the corresponding TPI phase angle discrepancies.

; When a solution is found, the sequence of maneuvers is checked for
violations of constraints. Subsequent maneuvers should be spaced by some
minimum time difference and the total AV expenditure should not exceed the
initial quantity.

The final portion of the program stores the AEG elements before and
after each maneuver in the elements table which was passed in the param-
eter list.
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c.
d.

g-
h.

a. Symbol — PMMTISS-PCMTISS
b. Program Name — Two-impulse Single Solution

Programming Group — Rendezvous Planning
Programmer — T. Hickey

e. Language — Assembler
f. Data Tables Used — PZMYSAVE, PZTIPSS

MED's Used — K31
Writeup Completion Date — 11/30/67

i. System Parameters — Table PMMTISS-PCMTISS-1
j. Parameter Lists — Tables PMMTISS-PCMTISS-2 through -4
k. Flowchart — Figure PMMTISS-PCMTISS-1

FUNCTION

The function of the Two-impulse Single Solution load module is to build a data
table (PZTIPSS) containing the parameters required for the Two-impulse Single
Solution display'.

USAGE

a. Calling Sequence — LINK EP = PMMTISS, PARAM = (S. S. TABLE
ADDR. , AEG BLOCKS ADDR. , WORK AREA ADDR. )

b. Inputs — See parameter lists, Tables PMMTISS-PCMTISS-2 through -4.
c. Outputs and Exit — Output is data table PZTIPSS; Exit is by "RETURN"

macro to calling load module.
d. Other Programs Used — CSECT PCMVMR, PMMAEG, GIMKIC, GIMAPD
e. Data Restrictions and Limits — None

METHOD

The additional quantities of the single solution table required for the single
solution display are those associated with the line-of- sight (LOS) option,
the apogee-perigee heights following each maneuver, the approach data prior to
each maneuver, the actual offsets of the chaser from the target following the
second maneuver, and the actual target terminal phase transfer angle between the
two maneuvers.

The formulation for the LOS parameters and the approach data quantities are
found in NASA-MSC Internal Note 67-FM-21. The apogee and perigee heights after
each maneuver are computed by the library routine GIMAPD, which is documented
separately. The Analytic Ephemeris Generator (AEG) is used to compute the
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actual offsets following the second maneuver. The actual target terminal phase
transfer angle is computed as:

v

of the target, and t. and t are the maneuver times.

U) = N (t - t ), where N is the mean motion
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OUEID — NA

From — PMSTICN

Purpose — Compute single solution
parameters

QNAME — NA

To-Task — PTMANC

EP — PMMTISS

Byte
No.

Type* Units Value / Description / Comments

1-4

5-8

9-12

F

F

F

Address of area in which to build single solution table
(see Table PMMTISS-PCMTISS-3. )
Address of AEG blocks and maneuver information
(see Table PMMTISS-PCMTISS-4)
Address of work area for PMMTISS 972 bytes

H — F u r d - p o i n t h*l< *M
P — F. .cd-poin t f u l l wm

C — Sinfle-prtci i ion (flo^Ung-pomt)
D * Doublr-pr«ct«ion (Homling-point)
X * Hritid*rim»l
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QUEID — NA

From — PMSTICN

Purpose — Area to build single solution
table

QNAME — NA

To-Task — NA

EP — NA

Byte
No.

1-8
9-16

17-24
25-32
33-34
35-36

37-38
39-40
41-48
49-56
57-64

65-72
73-80

81-88

89-96
97-104

105-.112
112-136

137-144
145-152
153-176
177-200

201-208

209-216
217-224

Type*

X
X

D
D
H
H

H
H
D
D
D

D
D

D

D
D
D
3D

D
D
3D

3D

D

D
D

Units

hrs.
hrs.

rad.
Er
rad.

rad.
hrs.

rad.

Er/hr,
rad.
rad.

Er/hr.

rad.
rad.

Er/hr.
hrs.

min.

Er
Er

Value / Description / Comments

LM station ID, pre-set by PMSTICN
CSM station ID, pre-set by PMSTICN
LM threshold time, pre-set by PMSTICN
CSM threshold time, pre-set by PMSTICN
Vehicle code, pre-set by PMSTICN
Mode for pointing chaser vehicle, pre-set by
PMSTICN
Plan no., pre-set by PMSTICN
Table indicator, pre-set by PMS1ICN
Actual phase after second maneuver
Actual height offset after second maneuver
Actual target terminal phase transfer angle between
the two maneuvers (no. of firing quads is pre-set in
this location)
Delta pitch angle, pre-set by PMSTICN
Time of first maneuver (approach time increment
is pre-set in this location)
E of first maneuver

AV of first maneuver
Pitch angle of first maneuver
Yaw angle of first maneuver
VX, VY, and VZ components of first maneuver, pre-
set by PMSTICN
LOS pitch - first maneuver
LOS yaw - first maneuver
V80-V82 components - first maneuver
Burn times for each thruster for V80-V82
increments - first maneuver
Minutes until next environment change, pre-set by
PMSTICN
Apogee height after first maneuver
Perigee height after first maneuver

H - Fi«*«i puinl hall word
\ F — Fixed-point f u l l word

E — Single - prect non (floating-point)
D — Double-precision (floating-point)
X — H«-*idenm*l
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QUEID —

From —

Purpose —

QNAME —

To-Task —

EP —

Byte
No.

Type-- Units Value / Description / Comments

225-232
233-240
241-248
249-256
257-264
265-272
273-280
281-288
289-416
417-824

D
D
D
D
D
D
D
D

hrs.
rad.
rad.
Er
Er/hr.
Er
Er
Er

Time of approach data
Azimuth
Elevation
Range
Range rate
X component of curvilinear system
Y component of curvilinear system
Z component of curvilinear system
Two duplicates of bytes 225-228
Duplicate of bytes 73-416 plus an additional duplicate
of bytes 225-288 all quantities are for the second
maneuver

H - K i « r < l |i.»inl hall »,„•<!
F — Fi«rd-p<i ini fu l l word

E — Singl^ 'prenilon (flo*ting-point)
3 — Ooublr -preri*ion (floating-point)
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QUEID — NA

From — PMSTICN

Purpose — Area to interface with PMMAEG
and miscellaneous quantities

QNAME — NA

To-Task — NA

EP — NA

Byte
No.

Type* Units Value / Description / Comments

1-440

441-448
44S-584
585-592
593-608
609-616
617-1000

1001-1008
1009-1016

D

D
D
D

D
D

hrs.

hrs.

Ibs.

Er/hr.
Kr/hr.

Standard header and two blocks for PMMAEG
interface
Time of second maneuver
Unused
Time of first maneuver
Unused
Weight prior to first maneuver
Unused
Delta V of first maneuver
Delta V of second maneuver

-Ti-n-
H — Flint pi-mi K>ll»or<1

T — Furd-pnint full word

C — Singl t -pr t r i i ion (Hotting-point)
D — Ouublr-precision (floating-point)
< — Hri idenmal
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a. Symbol — PMMTISS-PCMVMR
b. Program Name — Velocity Maneuver Performer
c. Programming Group — Rendezvous Planning
d. Programmers — R. Barrett, T. Hickey
e. Language — FORTRAN IV
f. Data Tables Used — None
g. MED's Used — None
h. Writeup Completion Date — 11/30/67
'i. Parameter Lists — Table PMMTISS-PCMVMR-1
j. Flowchart — Figure PMMTISS-PCMVMR-1

FUNCTION

Given radial and horizontal velocity changes for a maneuver, plus the chaser
and target AEG blocks, this routine will do one of three options as requested by
an input indicator. It will either compute a thrust parallel to the target plane
(out-of-plane for chaser) and execute the maneuver, or compute just the out-of-
plane component, or execute the maneuver using the input components. Pitch and
yaw altitude angles are also computed for the first two options,

USAGE

a. Calling Sequence — CALL PCMVMR (CHASER, TARGET, DELVX,
DELVY, DELVZ, MU, PITCH, YAW, IND)

b. Inputs — See Table PMMTISS-PCMVMR-1
c. Outputs and Exit — Osculating elements after the maneuver, pitch, and

yaw of the maneuver. Exit is by "RETURN".
d. Other Programs Used — GIMIKC, GIMKIC, DCOS, DSQRT, PINRML,

DAT AN, DTAN, DARCOS

METHOD

Using the chaser as a point of reference, a coordinate system is found so that
one component is normal to the chaser orbital plane (H2); the second component is

along the chaser radius vector (J^), and the third makes a right-hand system (K2).

Note that K2 is also in the direction of chaser horizontal veloc ity. See figure

below.
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H

If the target normal (Hj) is crossed with ^2* the resulting normal vector (K,)

is in the plane formed by K^ and K2. The angle between Kj and K2 (ABP) is found

by the following expression.

. K
ABP =.

COS
-I K, . K

H
2 ' V

hence 180° £ABP ^180°; that if Kj is on the same side of the plane formed by J

and K2 as HZ> then ABP £0; otherwise, ABP <0.

Yaw is measured in the Ho, K2 plane clockwise; hence yaw = -ABP.

The out-of -plane velocity AV = AV tan (ABP) and the velocity in the H->, K
i-i rl *•

plane are found by this equation
AV,

AVH
(cos(ABP))

Therefore the total change in velocity, AV is found by:

AVT =
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The pitch P = tan •** ; the minus sign is because the pitch is measured
L AVp J

in the negative J2 direction.

The new velocity vector may be computed from the following expression:

V = V + (AVH) K2 - (AVR) T2 + (AVZ) H2

Because the maneuver does not change the radius vector at the time of the
maneuver, the new velocity vector and input radius vector can now be converted to
osculating Keplerian elements.
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Table PMMTISS-PCMVMR-1. Parameter List

2. PMMTISS-PCMV1
DATE 1/8/68 (EG
REV
PAGE 4 of 6

OUEID — NA .

From — PMMTISS

Purpose — Execute maneuver

QNAME — NA

To-Task — NA

EP — NA

Byte
No.

1-4
5-8
9-12

13-16
17-20
21-24
25-28
29-32
33-36

Type*

F
F
F
F
F
F
F
F
F

Units

•

Value / Description / Comments

Addr. of chaser AEG block
Addr. of target AEG block
Addr. of horizontal velocity component
Addr. of radial velocity component
Addr. of out-of-plane velocity component
Addr. of V|T~
Addr. of pitch result
Addr. of yaw result
Addr. of request indicator

" T vp*
H — Furd-polnl h*t( »< . rd
F — Fi .cd-poinl fu l l word

E — Smflc-pr*ci«ion (floating-point)
D * Duublc-precmon (flomting-point)
X — H"ideom*i
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a. Symbol —.PMMUDT
b. Program Name — Vehicle Orientation Change Processor
c.. Programming Group — Maneuver Transfer
d. Programmer — W. Stone
e. Language — Assembler
f. Data Tables Used — PZMPTLEM, PZMPTCSM
g. MED's Used — M08
h. Writeup Completion Date — 9/8/67
i. System Parameters — Table PMMUDT-1
j. Parameter List and Diagram — Figure PMMUDT-1
k. Flowchart — Figure PMMUDT-2

FUNCTION

PMMUDT changes vehicle orientation to "heads up" or "heads down".
It also changes to the use of system parameters for thruster trim angles
instead of GIMGBL or vice versa. One of the above items may be omited.

i

USAGE

a. Calling Sequence — LINK EP=PMMMPT (NOTE: Reg 1 points
to MED input area. )

b. Inputs — Reg 1 points to message block which points to MED
input area which contains addresses of input items (vehicle code,
maneuver number, orientation GIMBLE flag). (See Figure PMMUDT-1)

c. Outputs and Exit — Changes a block of the mission plan table.
Exits via "RETURN".

d. Other Programs Used — GIMGBL, ELGETE, GIMIKC, GIMKIC
and FORTRAN Library Routines.

e. Data Restrictions and Limits — Maneuver must be in mission
plan table.

f. Error — 53 - Cannot obtain vector prior to maneuver
50 - AEG error; i.e. , cannot use vector obtained
48 - Maneuver not in mission plan table.
Above error codes set into Reg 15.

METHOD

The first item in this program after error checking is to "CALL
ELGETE" and get a vector from the ephemeris. If this vector is in
a maneuver or if a vector cannot be obtained, the burnout vector from the
previous maneuver is used.
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The vector obtained is advanced using PMMAEG to the time of the
specified thruster on. ' • • •

A

V
a x r
t

by definition

If the "heads-up, heads-down" indicator was not input,then Y is dotted
i . t

A
with Y (Y body axis); if positive, a heads-up indicator is set. Otherwise

B

a heads-down indicator is set.

If the thruster is one of the R'CS thrusters, the following holds true.

For .heads up with RCS + X thruster
A A
XB = +a

A A
Y_ ••= Y

B t

For heads up with RCS - X thruster

For heads down with RCS + X thruster

For heads down with RCS - X thruster

A A

Y — T

A A

A A
Y = -Y

B t

B
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For all of the above cases, the "Z" body axis is as follows:

A A A

If the thruster is not RCS, thegimble angles are necessary. If the gimble
angle indicator was not input, use what was used in computation of this
maneuver found in the Mission Plan Table. In case of heads-down, define

A A A A A
Y - ~Y . Now both cases, Z = X x Y . Depending upon the gimble

angle indicator, either compute the gimble angles or pick up the system
parameter values for them.
Then

A A A A

X = cos P cos Y a -cos P^ sin P Y + sin P Z
Jt> Cj CT t ' G Cjt ( j - t

The only remaining quantities to be computed are the local-verticle
local-horizontal Pitch, Yaw and Roll angles. First define the following
platform axes.

A

Y_ =
!G

out of plane of motion

-r
IG

AXP =

IG

A AY « Z

along position vector toward center of Earth

completes right hand system.
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now Pitch = sin -1 A IX (
B )

Roll = tan
-1

Yaw = tan
-1

A A

YP ' XB

A A

X P ' X B

A A

Z - Y

A A

ZP ' Z

-17 < P <

O £ R * 21T

O s y S 2V

The above is not true if Pitch o is near JT or -£
2 2

For these cases

Roll = o.

Yaw = tan

A A
X -y"

• X

Y • Y
B P



10

IBM! RTCC APDLLD PRDGRAMMING SYSTEMS

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

2.PMMUDT

DATE 10/3/67
REV
PAGE 5 of 11

(EORP)

11}
4-)

V

n)
h
n)
ft

a-
0)
4J
0}

>*
CO

H
P

ft
<ui—i

X!

H

r/\

m
m

e
n
ts

o
U

CO

.«H

C
D

cu

H

5 ^o ^
XI 0)

a ^
W Si

•s a
"o vi
X> W>

I2

CO °<

4J

a
n)

a 
C

o
n

s
t

0
• H

rt
•H

2

O

1

y
rg

t-l

rrT~~-
g

Si

P

• §
PH
w
u

. s

S
R

M
U

0)

1
O
r— 1
r-H

0
Qj

P

•0)

cuaa
rt
ft

a
cu
CO

. W

T3
n)

P

O
OJ
P

"H"
U

s

a
X
j
C
X
u

-*-

5
co
ft
P

a

£
(C

rt
ft

a
CU

CO

CO

T3

2

P

o
ft
P
H
o
s

cu

G
im

b
.

>£
ni

CO

co
(H

• (U

<Ua<tf
«
ft

a
cu
w

CO

T3
0)

P

0

CO
H
u
s

Ci

X

• c
""£
-4-

s
COft

£
rt

rt
ft

a
0)

en

CO

T3
n)

P

O

CO
H
U

S

a

_
G

im
h

•—
"c
PC

CO
ft

a.
a;a
rt

rt
ft

a
cu
CO

co

TJ
a

P

O

<j
H
0

3
•rH

0
X!
0

• H

CO
ft

0)

cua
rt
M

ft
a
cu
en

CO

T3
rt

P

0

<J
H
U

,

I

9 3 «C O D
S Q I
I I I

WO X

c £
11
•i T»
V *K H

, ££



RTCC APDLLD PROGRAMMING SYSTEMS

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

.2.PMMUDT

DATE 10/3/67(E

REV A
PAGE 6 of 11 : . \

Figure PMMUDT-1. . Parameter List and Diagram

Upon entry to this program Reg 1 must point to a message area.
Bytes eight through eleven (8-11) of the message area must point to the
MED input area. Bytes sixteen through nineteen (16-19) of the MED
input area must point to the MED address, area.

a. Bytes zero through three (0-3) of MED address area will contain
the address of the table number (1=CSM; 3<LM).

b. Bytes four through seven (4-7) of the MED address area will contain
the address of the maneuver number (1-15).

c. Bvtes eight through eleven (8-11) of the MED address area will

( 0 = down\
1 = up / ,

if the address is "zero", the item is not input.
d. Bytes twelve through fifteen (12-15) of the MED address area will

/ 0 = compute
contain the address of the Trim angle indicator^ 2 = system parameter
if the address is "zero", the item is not input.

NOTE: The above indicators are the same for all MED input formats.

The following diagram illustrates the information above.

MESSAGE BLOCKS

REG 1

8
MED- AREA

16

MED ADDRESS

8

12

ADDRESS OF TABLE

INDICATOR
ADDRESS OF MANEUVER
NUMBER

ADDRESS OF HEADS
INDICATOR (IF INPUT)
ADDRESS OF TRIM -ANGLE

INDICATOR (IF INPUT)
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Addre.-&£> csf ^

Code.

ftc/c op />££A AW>
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Figure PMMUDT-2. Flowchart
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PMMXFR
MANEUVER TRANSFER LOAD MODULE

REFERENCES

1. Programming Group — Maneuver Control (Mission Planning)
2. Programmer — B. Oliver
3. Language — Assembler
4. Wri teup Completion Date — 1/5/68
5. MED's Used — M01, M65, M66
6. Data Tables Used — PZMPTLEM, GZLTRA, PZGPMELM, PZGPMDIS
7. System Parameters — Table 1
8. Parameter Lists — Tables _2 through -10
9. Flowchart — Figure 1

FUNCTION

As a result of MED action, PMMXFR receives queues to control the processing
necessary to place designated maneuvers in the Mission Plan Table (MPT), which
are subsequently reflected in the vehicle trajectory;

USAGE

5.
6.

Calling Sequence — RTATTACH TASK=PTMANC, EP= PMMXFR, GSPV=1,
ID=n, PARAM=(SUBPOOL, 4)

''inputs — MED parameters described in Tables PMMXFR-2 through -4;
maneuver defining parameters from data tables GZLTRA, PZGPMELM,
and PZGPMDIS.
Outputs and Exit — The output is a maneuver description in the MPT.
Exit is via RETURN (14, 12) or XCTL with control passed to PMSVCT.
Other Programs Used — DSQRT, DARCOS, ELGETE, EMGVECST,
GMSCTRL, PMMMPT, PMSVCT, PMXSPT
Data Restrictions and Limits — None
Error — The following on-line prints are a result of recognizing error
conditions.

a. MANEUVER PRIOR TO PRESENT TIME
b. MANEUVER XX TO BE REPLACED NOT IN MPT
c. CODE XX TO BE REPLACED OVERLAPS ANOTHER MANEUVER
d. MANEUVER PRIOR TO FROZEN MANEUVER
e. REQUESTED MANEUVER TRANSFER REJECTED — MPT IS FULL

Approval Approval

f\. . O .
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f. REQUESTED MANEUVER TRANSFER OVERLAPS ANOTHER MANEU-
VER

g. REQUESTED THRUSTER AND/OR ATTITUDE ILLEGAL FOR THIS
MANEUVER TRANSFER

h. ILLEGAL ENTRY TO PMMXFR
i. UNUSABLE MANEUVER FOR TRANSFER
j. UNABLE TO FETCH VECTOR FOR DIRECT INPUT MANEUVER --

MPT UNCHANGED
k. UNABLE TO FETCH VECTOR FOR LAUNCH/ORBIT TRANSFER —

MPT UNCHANGED

METHOD

The Maneuver Transfer Load Module solves the ground rules and controls the
processing necessary to place the following classes of maneuvers into the MPT.

Contingency insertion maneuver
Direct input maneuver
General purpose maneuver (GPM)-

The parameters defining the contingency insertion maneuver are made available
by processing during the launch phase. Upon manual entry of the MED M01 indi-
eating that this maneuver is desired in the MPT, PMMXFR obtains the maneuver
parameters along with the launch computed maneuver vector and simulates a direct
input to PMMMPT. The transfer of this maneuver automatically deletes all other
maneuvers from the MPT. The contingency insertion maneuver is zero delta
velocity and is performed using the RCS thruster in the fixed inertial mode. Space-
craft attitudes at burn initiate are such that the initial thrust is in the orbital plane
and in the direction of the Earth's horizon. The computations of the parameters
necessary''tb| 'define the maneuver to the powered flight integrator are performed
by PMMMPT. An ephemeris anchored on the maneuver vector is then generated.

A future maneuver may be placed in the MPT by direct 'input of the parameters
that describe, the maneuver or by transfer of the impulsive maneuver parameters
from the GPM table. PMMXFR determines the validity of the input parameters
and sets up inputs to the Mission Plan Table Processor; PMMMPT, which per-
forms the necessary computations to describe the maneuver to the powered flight
integrator. Contiol is then passed to the Vector Routing Module, PMSVCT, and
a trajectory update is performed.

A'more detailed description of the processing performed may be found in the flow-
chart, Figure PMMXFR-1. !
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DTROUTE, RTQCNTRL, RTATTACH Macros

Macro, — RTATTACH TASK=GTMSCTRL,EP=GMSCTRL, QNAME=GQ1CTL1,
ID=3, QRANK=QRANK20,DPRIOR=MKDGVF,PARAM=(CODE,72)

Purpose — Route insertion vector for trajectory update as a result of a
source change

Macro — DTROUTE PRMVREXE, RMODE=ENABLE, RTYPE=TIMK, QNAME=
GQ1CTL, TASK=GTMSCTRL, EP=GMSCTRL, DPRIOR=MKDGMP,
MSGCNT= 1, QRANK=QRANK12, START=(L, DTRTIME), ID= 27 (Vehicle
code stored in ID during execution)

Purpose — Time out queue for maneuver execution.
Macro —RTATTACH TASK=GTMSCTRL, EP=GMSCTRL, QNAME=GQ3CTL, ID=1 2,

QRANK=QRANK10, DPRIOR^MKDGMP
Purpose — Indicate PTMANC task completion.

i pi



VO
<T>
cr>

RTCC APOLLO PROGRAMMING SYSTEMS

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

2. PMMXFR
DATE 1 /31 /68 (206)
REV
PAGE 4 of 32

0)

£
n)

«J
PH

to
H

CO

C
V
£
S
o
u

to

'2
D

* !
V

H

CD 1
,-. (X

S
y
m

b
o
l 
Ii

M
a

s
te

r 
T

a

•S 6
O rn
XI 00
C 0C
5>

co ^

cua
td
u
4j

rt
co

• iH
rO
nJ

-̂>->

ci
w

w

p

M
C

E
C

A
P

&
<
U
W
U

^

&
c

a
a
a.

c»-
c

4-

X
l-
o
r-

0
*•*-<

ff
C
f— i

a

P

ffi

M
K

D
G

M
P

Pn

S
O
Q

Ŝ
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Table 2. Parameter Lis t
RTATTACH

QUEID —

From —

Purpose —

31

GMSCTRL

Manual override of normal
insertion

QNAME — Common

To-Task — PTMANC

EP — PMMXFR

Byte
No.

1,4

n

Type*

F

F

i •,

I

Units Value / Description / Comments

Pointer to the following MED parameter in Subpool 1.

Vector selection:

0 ~ ' ^> Preburn vector is selected, and maneuver
is placed in the MPT.

Nonzero " ^>Postburn vector selected.

• '

- - -

"T vr>r
H — Fi«"J-i>i:inl K-ll »or<)
F — Fi«*d-pninr f u l l word

E * SJnglF-preridon (floating-point)
D — Duubtr-preciaion (flOftttn|-point)
X -i- Ht-Eiderimal
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Table 3. Parameter List
RTATTACH

QUEID —

From —

Purpose —

29

GMSCTRL,

General Purpose Maneuver
Transfer

QNAME — Common

To-Task — PTMANC

EP — PMMXFR

Byte
No.

Type- Units Value / Description / Comments

1-4

11

n+4

n+8

n+12

n+16

n+24

n+32

F

F

F

F

D

D

F

hr.

rad.

Pointer to the following MED parameters in Subpool 1:

Vehicle

Maneuver sequence number

Thruster code

Attitude code

At - Duration of ullage
u

Yaw

Number of thrusters for ullage

-T.-n-
H — Fix l hal l
F — Fixtd-poinl f u l l word

E — Singlr-prer i i lon (floating-point)
U — Duublr-pr<*ci»ion (floMing-point)
X — Hrvidenmal
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QUEID — 33

From — GMSCTRL

Purpose — Direct input of a maneuver to
the MPT

QNAME — Common

To-Task T- PTMANC

EP — PMMXFR

Byte
No.

1-4

n
n+4
n+8
n+16
n+20
n+24
n+32
n+40
n+48
n+52
n+56
n+64
n+72
n+80 „
n+84
n+88
ri+96
n+104
n+112
n+120

Type*

F

F
F
D
F
F
D
D
D
F
F
D
D
D

• • ( . F
F
D
D
D

" D
D

Units

hrs .

Er/hr .
hrs .
hrs .

rad.
rad.
rad.

- -

Value / Description / Comments

Pointer to the following MED parameters in Subpool 1

Vehicle code
Maneuver sequence
GMTBI
Thruster code
Attitude code
Delta velocity of maneuver
Duration of maneuver
Duration of ullage
Coordinate indicator
Not used
Pitch
Yaw
Roll
Separation indicator ; .
Ullage thrusters
Target parameter
Target parameter
Target parameter
Target parameter
Target parameter

H — Furtl pcmi hall « < > r d
F — FiKfd-po in i fu l l word

E — SingJr-prent ion (floating-point)
D — Double -precision (floating-point)
X — H«-Kiderim*I
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QUEID — NA

From — PMMXFR

Purpose — Request launch vector for
manual override

QNAME — NA

To-Task — NA

EP — EMGVECST

Byte
No.

1-4

n

n+4

Type*

F

F

;

i
i

!

Units Value / Description / Comments

Address of the parameters below

3-ID for source override

3-Vehicle index for the LM

H — Fixed point >u l t *..
F — Fmed-potni f u l l wo

E — Single-precision (flo*tmg-point)
D — Double-precision (f]o»ting-potnt)
X — Ht-Kidenmal
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QUEID — NA

From — EMGVECST

Purpose — Return launch vector for
manual override

QNAME — NA

To-Task — NA

EP — PMMXFR

Byte
No.

1

2

3

4

5

6

7

8

9

10 •'

I

_ .

Type*

F

F

D

D

D

D

D

D

D

D

"i i D
i '

i ,
i .

i

Units

hrs.

Er

Er

Er

Er/hr.

Er/hr.

Er/hr .

ft. 2

Ibs.

Value / Description / Comments

Not used

Vehicle code

Time of vector

X

Y

z
X

Y

Z

Vehicle area

Vehicle weight

i

i

H — Fixed-point half »»rd
F — Fiied-poini fu l l *or«i

K* — Single-prer i i ion (floating-point)
!1 — Ooublr-prr.ruion (floMing-point)
X — Hfxidcomal
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Table 7. Parameter List
LINK

QUEID —

P^rom —

NA

PMMXFR

Purpose — Compute maneuver finite burn
parameters

QNAME — NA

To-Task — NA

EP — PMMMPT

Byte
No.

1-4

n

n+960

n--964

n+968

n+976

n+980

n+984

n+992

n+1000

n+1008

n+1012

n+1016

n+1024

n+1032

n+1040

n+1044

n+1048

n+1056

n+1064

n+1072

n+1080

Type*

F

F

F

D

F

F

D

D

D i
1

F

F

D ,

D

D

F ,

F

D
I
1

D

D

D

D

Units

hrs .

Er/hr.

hrs .

hrs .

rad.

rad.

rad.

Value / Description / Comments

Address of the following parameters in Subpool 1

First block of LM Mission Plan Table

Vehicle code

Maneuver sequence

GMTBI

Thruster code

Attitude code

Delta velocity of maneuver

Duration of maneuver

Duration of ullage

Coordinate indicator

Not used

Pitch

Yaw

Roll

Separation indicator

Ullage thrusters

Target parameter

Target parameter

Target parameter

Target parameter

Target parameter

H — F~i
F — Fi unl (ul l wonl

E — Single -
D — DuuUti
X — Hrxide

riiion (floating-point)
aci t ian (no4tin|-point)
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QUEID —

From —

Purpose —

QNAME -

To-Task

EP —

Byte
No.

n+1088

n+1092

n+1096

n+1100

n+1104

n+1112

n+1120

n+1128

n+1136

n+1144

n+1152

n+1160

n+1168

n+1176

n+1184

n+1192

n+1200

n+1208

n+1216

n+1224

n+1232

n+1240

Type*

F

F

F

F

D

D

D

D

D

D

-' ; D
D

D

"D

D

D

' ' D

D

D

D

D

D

Units

hrs .

Er

Er

Er

Er/hr .

Er/hr .

Er/hr .

ft. 2

Ibs.

hrs .

hrs .

Er

rad.

rad.

rad.

rad.

Er

Value / Description / Comments

Error flag (output)

MPT block number

Direct input flag

Not used

Time of vector

X

Y

Z

X

Y

Z

Vehicle area

Vehicle weight

Start limit

End limit

A before

E before

I before

L, before

G before

H before

A after

H — flan! I 'Uinf
F — riM*o-pnlnt '

£ — Single -pre* i>ion (floating-point)
D — DuuLIP-|ireci«ion (f)o«iin|-polnt)
X — Hr.idcnn.il
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QUEID —

From —

Purpose —

UNA ME —

To-Task —

EP —

By te
No.

n+1248

n+1256

n+1264

n+1272

n+128C

n+1288

n+1296

n+1304

n+1312

n+1336

n+1344

n+1346

n+1348

n+1352

n+1356

n+1360

n+1368

n+1376

Type*

D

D

D

D

D

D

D

D

' ' i

H '

H

F ,

F

F

D i

D

D
i

Units

rad.

rad.

rad.

rad.-

hrs .

rad.

rad.

ft. 2

Lbs.

Value / Description / Comments

E after

I after

L after

G after

H after

Time impulsive

F before

F after

Not used

Maneuver code

Not used

Maneuver purpose code

Not used

Location of EBCDIC MPT name

Not used

Not used

Undocking vehicle area

Undocking vehicle weight

ian (flo*tmf)-paint)
H — ri**t i - i>t) i r i i lu t l
F — Fixed-point f u l l

O - O.iti.h. - i i r .M i
X — H.->,i,10l m.al



v-O
en
en

ien
in

IBM[ RTCC APDLLD PROGRAMMING SYSTEMS

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

Table 8. Parameter List
LINK

2. PMMXFR
DATE 1/31/68 (206)
REV
PAGE 13 of 32

QUEID — NA

From — PMMXFR

Purpose — Print on-line error messages

QNAME — NA

To-Task — NA

EP — PMXSPT

Byte
No.

Type* Units Value / Description / Comments

1-2 H Error print code

1 — "Maneuver prior to present time. "

2 — "Maneuver XX to be replaced not in MPT. "

3 — "Code XX to be replaced overlaps another
maneuver. "

4 — "Maneuver prior to frozen maneuver."

5 — "Requested maneuver transfer rejected —
MPT is full. "

6 — "Requested maneuver transfer overlaps another
maneuver. "

9 — "Requested thruster and/or attitude illegal for
this maneuver t ransfer ."

37 — "Illegal entry to PMMXFR."

38 — "Unusable maneuver for t ransfer ."
, i

39 — "Unable to fetch vector for direct input maneu-
ver — MPT unchanged. "

54 — "Unable to fetch vector for launch/orbit trans-
fer — MPT unchanged. "

-Tvn»
H - Fl.r.l |>i;mt MM "IT.I
F — Fivrd-poinl f u l l word

E — Single -precision (floating-point)
D — Doublr-pr«rci«ion (floating-point)
X — Haider i mil
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QUEID — 3

FTOm — PMMXFR

Purpose — Route insertion vector for trajectory EP —
update as a result of a source change

QNAME — GQ1CTL1

To-Task — GTMSCTRL

GMSCTRL

Byte
No.

1

2

3

4

5

6

7

8

9

Type*

F

F

D

D

D

D

D

D

D

D ,
1 'I

'|

Units

hrs .

Er

Er

Er

Er/hr .

Er /hr .

Er/hr .

Value / Description / Comments

Not used

Vehicle code

Time of vector

X

Y

Z

X

Y

Z

EBCDIC source ID

•

H — f i n e d point Ka l i u . i r < l
F — F i « r d - p m n i f u l l word

<•: — Stnglr-prent ion (floating-point)
D — Doublr-pr<*ci«ton (floating-point)
X — H.-<idenmal
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QUEID — 8

From — PMMXFR

Purpose — Causes a trajectory update

QNAME — NA

To-Task — NA

EP — PMSVCT

Byte
No.

Type* Units Value / Description / Comments

0

4

8

F

F

Not used

Vehicle for update

Zero

H - Fi.f.l p.not Kill »..r.l
F — Furd-point f u l l worri

fT — Single-prerition (ftoating*point)
D — Duubl*•pr t r ta ion (no*ting-point)
X — Hrxtdenmll
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Figure 1
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SET UP INPUT TO

EM6VECST

1

f LIMK \
f- EMS-VECST-X

08TAIW LflUMCW
VE£TOR /

SET fRluT CODE
PMVSPT

"UNABLE T£> FETCH VECTOR

— MPT

(1) UUMBEK OF

(2) /dUMBSK Of

(3) MlMB&l OF

Figure 1
(Sheet 2 of 17)
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S6T TIME T<3

£MD 5-IV8

1
ADTUST OPS FU£L

TO ACCOUUT FOR

UJ6I6-HT LOSS

Figure 1
(Sheet 3 of 17)
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SET
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SET
MPT AK£A MO

LAUNCH TABU:

ser MPT
UPDATE NBK N€Gr

iRTKTTfiCH
-GMSCTRL-

\

I

CMPT net

Figure 1
(Sheet 4 of 17)
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LVLH ATTITUDES

= o
= TT

MPT
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3. MUMBER OF £X£CuT60
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6'. LM OPS FU£L
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Figure 1
(Sheet 6 of 17)
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SET IMPULSIVE
TRANSFER

I
T/M£ OF

IMPt4l.SU/g TIME

SET CMS.

I
DTK £ ACT

GPM
ELEMENTS

Figure 1
(Sheet 7 of 17)
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I

Figure 1
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SET PRIUT CODE
PMKSPT

SET MPT LotuER UM\T
TIME Tfl PRESEMT TIME

(Sheet 10 of 17)
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MNVK
OVERLAP A

V/DU5
MNVR

SET MPT UPPER LIMIT

T/ME TO 6E6IU TIME OP

5ET MPT
LIMIT TIME TA

TlH£

SE.T MPT LOWER
L I M I T TIME r« ewo
TIME OF PREV

Figure 1
(Sheet 11 of 17)
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= (JUM8ER

Of MPT

Yes

SET MfT

UM IT TtM6 TO

£WD TIME
SET MPT
LIMIT TIME TA
PKESEKT TIME

1=1-1

TIME OF

MMVft :
7IME MM

•H

Figure 1
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SET MPT UPPER
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MPT
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Figure 1
(Sheet 13 of 17)



VO
en

RTCC APOLLO PROGRAMMING SYSTEMS

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

2. PMMXFR
DATE 1/31/68 (206)
REV
PACE 29 of 32

/ E.L<frETE\
/FETCH FIRST \
\ 3 MIW veer /
\± TFETCH /

Figure 1
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(EORP)

' a. Symbol — PMMXFR . .
b. Program Name — Maneuver Transfer Module
c. Programming Group — Mission Planning
d. Programmer — E. Kramer
e. Language — Assembler
f. Data Tables Used — PZMPTCSM, PZMPTLEM, PZGPMELM,

PZDKIELM, PZDKIT, PZPADDIS, GZLTRA, GZGENCSN
g. MED's Used — mOl, m60, m64, m65, m66, m70, m72
h. Writeup Completion Date — 8/30/67
i. System Parameters — Table PMMXFR-1
j. Parameter List — Table PMMXFR-2 through 8
k. Subpool List — Table PMMXFR-9 through 15
1. Flowchart — Figure PMMXFR-1

FUNCTION

The program solves the gound rules and controls the processing necessary to
place the following types of maneuvers into the Mission Plan Table (MPT):

a. Contingency Insertion
b. Perigee Adjust
c. General Purpose
d. Direct Input
e. Two-Impulse Plan
f. DKI Plan
g. Co-elliptic Sequence Plan

PMMXFR also solves ground rules and controls the processing necessary to
confirm executed maneuvers which exist in the Mission Plan Table.

USAGE

a: Calling Sequence — RTATTACH EP = PMMXFR, TASK = PTMANC,
ID = X, PARAM = (ADDSP) where 29 ^ X £ 36 and ADDSP is the address
of subpool 1 in which one of the MED's is located.

b. Inputs — MED quantities
c. Outputs and Exit — See Method
d. Other Programs Used — ELGETE, PMMMCD, PMMMPT, PMXSPT,

EMGVECST
e. Data Restrictions and Limits — See Method
f. Error — See Method
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METHOD

The load module is divided into four main sections of logic; 1) Launch to
Orbit Override, 2).Transfer of impulsive maneuvers, 3) Direct Input Maneuvers,
and 4) Confirmations.

Launch to Orbit Override is used if the nominal transfer is not desired. The
two options are to generate the ephemeris from a preburn or a postburn (or no
burn) vector. If a preburn vector is desired, any existing maneuvers in the MPT
are first deleted, and the maneuver quantities in the launch transfer table are sent
to PMMMCD for processing. The trajectory update is then queued through
GMSCTRL. If the postburn or "TRA" option is used, and the configuration is
unchanged from launch, the vector is merely routed to GMSCTRL for the update.
If, however, the configuration differs, all maneuvers are deleted before routing
the vector.

Under impulsive transfers, there are three divisions: 1) GPM, 2) Two-
Impulse, and 3) DKI-SPQ. For each of these divisions there is a separate initial
logic after which these queues are treated the same. First of all, enough main
storage is obtained to store all the pertinent data, and then the necessary data
tables are read. Ground rules are then checked to see if this is a valid transfer.
On a replace option, these checks include ensuring that the desired maneuver
does exist, is unfrozen, and the new maneuver time is greater than the end
time of the preceding maneuver and less than the start time of the following one
if such maneuvers are presently in the. MPT. In case of a normal transfer, all
current maneuvers after the time of the incoming maneuver are deleted if they
are unfrozen. If frozen, the transfer is rejected, and the MPT remains unchanged.
Also a check is made to reject the transfer if the maximum number of allowable
maneuvers if exceeded. For both standard transfers and replace, the time of the
maneuver must be greater than present time ar.d time of insertion. Having made
these tests successfully, the maneuver inputs are set-up for module PMMMPT
and control given to it. If no error code is returned by PMMMPT, checking on
the next maneuver is started if there is a multiple transfer. If all maneuvers
have been processed, the needed tables are written out, and a trajectory update
is queued by XCTLing to PMSVCT.

For direct inputs, which also include Perigee Adjust transfers, the same sort
of ground rules are checked as for impulsive maneuvers, but in addition, configura-
tion checking is done. The input configuration change indicator and configuration
code at maneuver end are tested against the current MPT's to ensure this change,
along with the designated thruster, is physically possible. If not, the transfer is
rejected. If all the inputs appear correct, they are routed to PMMMCD along with
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a vector from the current ephemeris at an appropriate time. If PMMMCD finds
no errors, it is responsible for writing out the tables. Upon regaining control,
PMMMXFR will XCTL to PMSVCT to queue the ephemeris update.

Confirmations are handled similar to the replace option of a direct input
except the maneuver time must be prior to present time, and vectors are obtained
from the anchor vector table through EMGVECST.

DTROUTE, RTQCNTRL, RTATTACH Macros

Macro — RTATTACH TASK = GTMSCTRL, EP = GMSCTRL, QNAME =
GQ3CTL, QRANK = A10, ID = (4), DPRIOR = MKDGMP, FARM =
(INPUT, 72)

Purpose — To initiate a trajectory update using an anchor vector in case
of confirmation or contingency insertion

Macro — DTROUTE PRMVREX1, RMODE = ENABLE, RTYPE = TIMK,
QNAME = GQ1CTL, TASK = GTMSCTRL, EP = GMSCTRL, DPRIOR
MKDGMP, MSGCNT = 1, QRANK = QRANK12, START = (L, TIME),
ID = 283

Purpose — To initiate queue at maneuver execution time for each CSM
maneuver

Macro — DTROUTE PRMVREX3, RMODE = ENABLE, RTYPE = TIMK,
QNAME = GQ1CTL, TASK = GTMSCTRL, EP = GMSCTRL, DPRIOR
MKDGMP, MSGCNT = 1, QRANK = QRANK 12, START = (L, TIME),
ID = 795

Purpose — To initiate queue at maneuver execution time for each LM
maneuver
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QUEID — 29

From — GMSCTRL

Purpose — GPM Transfer

QNAME — GQ1CTL

To-Task — PTMANC

EP — PMMXFR

Byte
No.

Type* Units Value / Description / Comments

1-4 Address subpool 1

Table PMMXFR-3. Parameter List

QUEID — 30

From — GMSCTRL

Purpose — Perigee Adjust Transfer

QNAME — GQ1CTL

To-Task — PTMANC

EP — PMMXFR

Byte
No.

Type- Units Value / Description / Comments

1-4 Address subpool 1

H — FUfd-polflt hill word
T — Fiv'd-poinl full word

E — Sin|l«-preciiion (floating-point)
D * Douhlr-precition (floating-point)
X * Hnidecimtl



UD
er»

en RTCC APDLLD PROGRAMMING SYSTEMS

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

Table PMMXFR-4. Parameter List

2. PMMXFR
DATE 11/8/67 (EORP)
REV

PAGE 6 of 50

QUEID — 31

From — GMSCTRL

Purpose — Launch to Orbit Transfer

QNAME — GQ1CTL

To-Task — PTMANC

EP — PMMXFR

Byte
No.

1-4

Type*

F

Units .Value / Description / Comments

Address subpool 1

Table PMMXFR-5. Parameter List

QUEID — 32

From — GMSCTRL

Purpose — DKI plan transfer

QNAME — GQ1CTL

To-Task — PTMANC

EP — PMMXFR

Byte
No.

1-4

Type*

F

Units Value / Description / Comments

Address subpool 1

H — FiKcd-putnt Hall wor'i
f — Fti'd-polni f u l l word

C — SinfIt-preeiiion (floaliitf-point)
D — Douhle-preculon (floating-point)
X — H<-xid«cim*l
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QUEID — 33

From — GMSCTRL

Purpose — Direct Input of a Maneuver

QNAME — GQ1CTL

To-Task — PTMANC

EP — PMMXFR

Byte
No. Type* Units Value / Description / Comments

1-4 Address subpool 1

Table PMMXFR-7. Parameter List

QUEID — 34

From — GMSCTRL

Purpose — Two-Impulse Transfer

QNAME — GQ1CTL

To-Task — PTMANC

EP — PMMXFR

Byte
No.

1-4

Type*

F

Units Value / Description / Comments

Address subpool 1

H — Fi«*d-point h»lf word
F — FiM»d-point fu l l word

C — Single-pr«ei»lon (floating-point)
O — DouhU-pT«ciiion.(floating-point)
X — H'xtdenmkl
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QUEID — 36

From — GMSCTRL,

Purpose — Maneuver Confirmation

QNAME — GQ1CTL,

To-Task — PTMANC

EP — PMMXFR

Byte
No.

1-4

* 1 VP*

Type*

F

Units Value / Description / Comments

Address subpool 1

ii

H — tt**1-polnt hell wo

r — »<••*.polm full *n

D — Duublr -precision (flofttirtf-point)

X — Hr>id«rim*l
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Table PMMXFR-9. Subpool List

Subpool Number 1

For ID = 29 (GPM Transfer)

Symb.
Ref.

Byte
No.

1-28
29-32
33-36

37-40
41-44

45-48
49-52

53-56

57-64
65-73

Type*

F
F
F

F
F

F
F

F

D
D

Units

Hr.
Hr.

Value / Description / Comments

Pointers to Items 1-7 of M65 MED
Open
Table Code: 1 = PZMPTCSM

3 = PZMPTLEM
Replace Code
Thruster Code: 1 = CSM RCS 4- X (2 thrusters)

2 = CSM RCS + X (4 thrusters)
3 = CSM RCS - X (2 thrusters)
4 = CSM RCS - X (4 thrusters)

16 - SIVB Slowdown Vent
17 = LEM RCS + X (2 thrusters)
18 = LEM RCS + X (4 thrusters)
19 = LEM RCS - X (2 thrusters)
20 = LEM RCS - X (4 thrusters)
33 = CSM SPS
34 = LEM APS
35 = LEM DPS

Open
.Attitude Code: 1 = fixed inertial

2 = manual holding body orientation !
invariant ;

4 = external AV (primary)
5 = external AV (LM, AGS)

Ullage Thruster Option: 0 = two thrusters
1 = four 'thrusters

At of ullage
At at 10% thrust level for DPS thruster set negative
if DPS short burn test is to be ignored.

"'I y[»^
H — Kix'd-poinl half word
F* — Kixrd-poirt fu l l word

E — Sinff l r -precinion (floating-point)
D — Double-preciaion {floating-point)
X — Hexidecimal
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Table PMMXFR-10. Subpool List

Subpool Number 1

For ID = 30 (Perigee Adjust Transfer)

Symb.
Ref.

Byte
No.

1-20
21-24
25-28
29-32
23-36
37-40
41-48
49-52

Type*

F
F
F
F
F
F
D
F

Units

hr.

Value / Description / Comments

Pointers to Items 1-5 of M64 MED
Open

{

Table Code: 1 = PZMPTCSM \
Replace Code
Perigee Adjust Maneuver number :
Open
At of ullage
Ullage thruster Option: 0 = two thrusters

1 = four thrusters '• A

\

Table PMMXFR-11. .Subpool List

Subpool Number 1

For ID = 31 (Launch to Orbit Transfer)

Symb.
Ref.

Byte
No.

1-4
5-8
9-12

Type*

F
F
F

Units
Value / Description / Comments

Pointer to item 1 of M01 MED
Open
Transfer code: 0 = Preburn

1 = Postburn or no burn

H — Fixed-point h#H word
F — Fixed-poirl fu l l word

E — Single-precision (floating-point)
D — Double-precision (floating-point)
X — Hextdecimal
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Table PMMXFR-12. Subpool List

Subpool Number 1

For ID = 32 (DKI or SPQ Transfer)

Symb.
Ref.

Byte
No.

1-32
33-36

37-40
41-48
49-52
53-56
57-60
61-64
65-72
73-80
81-100

101-104
105-136
137-156
157-160
161-192
193-212
213-216
217-248
249-268
269-272
273-304
305-324
325-328
329-360

Type*

F
F

F
D
F
F
F
F
D
D
F
F

F
F

F
F

F
F

F
F

Units

hr.

hr.
hr.

Value / Description / Comments

Pointers to items 1-8 of M70 MED
Plan Number to be transferred - if zero means SPQ
transfer
Open
Delete time - if zero, no delete
Thruster Code
Open
Attitude Mode Code see ID = 29
Ullage Thruster Option for description
At ullage
At 107 DPS thrust
Pointers to Subparameters of item 3
Open
Same as bytes 49-80; for manv. #2
Pointers to Subparameters of item 4
Open
Same as bytes 49-80; for manv. #3
Pointers to Subparameters of item 5
Open
Same as bytes 49-80; for manv. #4
Pointers to Subparameters of item 6
Open
Same as bytes 49-80; for manv. #5
Pointers to Subparameters of item #7
Open
Same as bytes 49-80; for manv. #6

H — Fixed-point half wort!
T — Fived-poiri full worrt

E — Single-preriiion (floating-point)
D — Duublr-pfctaion (floating-point)
X — Mr>xjijeriinjl
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Table PMMXFR-13. Subpool List

Subpool Number 1

For ID = 33 (Direct Input)

Bur
Pararrn

= 1

Symb.
Ref.

i V

ster /

Burn V
Parameter \

-z I

Bur:
Param<

= 3

Bur
Pa ram

= 4

' fster <[

1

" \ster ,'

Byte
No.

1-72
73-76

77-80
81-84
85-88

89-96
97-100

101-104
105-112

89-96

97-104

105-112

89-96

97-104

105-112

89-96

97-104

105-112

113
114-124
125-128
129-136

Type*

F
F

F
F
F

D
F

F
D

D

D

D

D

D

D

D

D

D

B
F
F
D

Units

Er. /hr.

hr.

Er. /hr.

V

Er. /hr.

i
Er. /hr.

V

rad.

Value / Description / Comments

Pointers to items 1-18 of M66 MED
Table code: 1 = PZMPTCSM

3 = PZMPTLEM
Replace code
Thruster code (See ID = 29)
Attitude mode code (See ID = 29)

AV (if neg. , use At)
AV Indicator; 0 = MAG, 1 = AV

Open
At

V \ i components of external uV vector
x (

V v- / in the display and command
7 ( '}

V i /.system

V \ / components of AV vector

V \ / in the IMLI coordinate

V \ f system

V } i components of AV vector
f 1V \ / in the LVLH coordinate

V
D M sYstem

Burn parameter
Pointers to subparameter of item 5 of MED
Coordinate Indicator; 0 = LVLH, 1 = IMU
Pitch

"Typ*
H — Fixed-point Half wnrd
F — Fixed-poirl fu l l word

E — Single-precnion (floating-point)
D — DouMr-pr«ci«ion (floating-point)
X — H.-xidcrimftl
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Table PMMXFR-13. Subpool List (Cont'd)

Subpool Number 1

For ID = 33 (Direct Input)

Symh
Ref.

Byte
No.

137-144
145-152
153-160
161-164
165-168
169-176
177-180
181-184
185-188

189-192

193-200

Type*

D
D
D
F
F
D
F
F
F

F

D

Units

rad.
rad.
hr.

hr.

rad.

Value / Description / Comments

Yaw
Roll
At of ullage
Ullage thruster option; 0 = 2, 1 = 4
Heads Up/ Down Indicator; 0 = Down, 1 = Up
At 10% Thrust level for DPS thruster
Refsmat Indicator
Open
Configuration Change Indicator

0 = No Change
1 = Undocking
2 = Docking
3 = Low Ascent/Descent Separation

Configuration at End of Maneuver
0 = CSM
1 = LM
2 = CSM/LM
3 = CSM/S-IVB
4 = LM/S-IVB i
5 = CSM/LM/S-IVB

Docking Angle

*'l ypr
II _ Fixrd-point half word

F — Fixed-pair! ful l word

E — Single-precision (f loating-point)
D — Double-precision (floating-point)
X — Mexidecimal
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Subpool Number 1
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Symb.
Ref.

Byte
No.

1-20
21-24
25-28

29-32
33-40
41-44
45-48
49-52
52-56
57-64
65-72
73-92
93-96
97-128

Type*

F
F
F

F
D
F

Units

hr.

Value / Description / Comments

Pointers to Items 1-5 of M72 MED
Open
Table Code: 1 = PZMPTCSM

2 = PZMPTLEM
Plan number
Delete Time: of zero, no delete
Thruster Code "i
Open
Attitude Mode Code See ID = 29
Ullage Thruster Option f for description
At ullage
At 10% DPS thrust J
Pointer to Subparameters of Item 4
Open
Same as bytes 41-72; manv. #2

(

«

<

<

<
tl — Fixed-point half word
f — Kix*d-polrl full word

E — Single-pr«-ci!iion (floating-point)
D — Double-precmiun (floating-puml)
X — Hexidecimal
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f

Rn T*n

Subpool Number 1

Symb,
Ref.

i*—* U A H. i

rarameter ~\

- 1 [
~*

Burn \
Parameter •

Burn
Parame

9

|
w

\
W

\
ter x

Byte
No.

1-76
77-80
81-84
85-88
89-92
93-96

97-104
105-108
109-112
113-120

97-104

105-112

113-120

97-104

105-112

113-120

97-104

105-112

113-120

97-104

105-112

113-120

121
122-132

Type*

F
F
F
F
F
F

D
F
F
D

D

I
D

1
D

I
D

i
B
F

Units

Er. /hr.

hr.

Er. /hr.

i
Er. /hr.

1
Er. /hr.

1
Er. /hr

1

Value / Description / Comments

Pointers to Items 1-18 of M60 MED
Open
Table Code
Maneuver Number to be Confirmed
Thrust Code (See ID = 29)
Attitude Mode Code (See ID - 29)

AV (if negative, use At)
AV Indicator: 0 = MAG 1 = AV
Open
At

V \ i components of external AV

V V .. vector in the display andy i }
V ] f command system

z , \

V \ /' components of AV vector
o * \

V v , in the IMU coordinate
8Y ( }
gz / V

V \ i components of AV vector
/ i

V V 'in the LVLH

i / 'V * r coordinate system

AV " J { maneuver residuals
x / \

AV "|, Jin the RCS control

AV "1 f a x e s system
Z ' \

Burn Parameters
Pointers to subparameters of Item 5 of MED

M — Fihrd-pulnl half word
F — Fimcd-polrt f u l l **ord

DoublR-prerii
H«nidecimal

ion (fU>atmg-point}
lion ( f l ud t in f i -pu in l )
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Table PMMXFR-15. Task Subpool List 'Cont'd. )

Subpool Number

Symb
Ref.

Byte
No.

133-136
137-144
145-152
153-160
161-168
169-172
173-176
177-184
185-188
189-192
193-196
197-200
201-208
209-212

-

"Type*

F
D
D
D
D
F
F
D
F
F
F
F
D
F

Units

rad.

hr.

hr.

rad.

Value / Description / Comments

Coordinate Indicator: 0 = LVLH, 1 = IMU
Pitch
Yaw
Roll
At of ullage
Ullage thruster option 0 = 2, 1 = 4
Heads Up/ Down Indicator 0 = Down, 1 = Up
At 10% Thrust Level for DPS thruster
Refsmat Indicator
Open
Configuration Change Indicator (see ID = 33)
Configuration End of Maneuver (see ID = 33)
Docking Angle
Trim Angle Indicator

0 = Compute Angles
2 = Use System Parameters

I

"Typr
II — Fixfd-pu tn t half word
F — Fi««Ml-poirl l u l l word

E — Sinf t le-precinion (floating-point)
D — l>ouble-pi-«ciaiun-(noaling-puiMt)
X — Hexidecimal
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Figure PMMXFR-J. Flowchart
I (Sheet 6 of 34)
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(Sheet 7 of 34)
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Figure PMMXFR-1. Flowchart
(Sheet 8 of 34)
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(Sheet 9 of 34)
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(Sheet 11 of 34)
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Figure PMMXFR-1. Flowchart

(Sheet 12 of 34)
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Figure PMMXFR-1. Flowchart
(Sheet 15 of 34)
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Figure PMMXFR-1. Flowchart
(Sheet 17 of 34)
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3. PMMWTC

a. Symbol — PMMWTC
b. Program Name — Weight Area, Fuel Remaining and K-Factor Update
c. Programming Group — Program Mission Planning
d. Programmer (s) — W E Sherman
e. Language — Assembler
f. Data Tables Used — PZMPTCSM, PZMPTLEM and PZMPTS4B
g. MED's Used — M50
h. Writeup Completion Date — 10/14/66
i. Parameter List — Table PMMWTC - 1 and - 2.
j. Flowchart — Figure PMMWTC - 1.

FUNCTION

PMMWTC provides the ability to update for future maneuvers, the area,
weight, fuel remaining, and K-factor for a given vehicle.

USAGE

a. Calling Sequence — RTATTACH TASK = PTMANC, EP = PMMWTC,
ID = 28, GSPV =1.

b. Inputs — All inputs are stored in subpool 1 built by the MED decoder.
c. Outputs and Exit — Updates quantities in the appropriate mission plan

table.
d. Other Programs Used — PMSVCT
e. Data Restrictions and Limits — All data is checked by the MED.
f. Error — None

METHOD

This program uses the MED input to update the specified quantities in the
appropriate mission plan table and then transfers control to PMSVCT for a
trajectory update.

Approval

JL/V

Approval
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ID — 28

From — GMSCTRL

QNAME — Common

To-Task — PTMANC

Purpose — Update weight, area, fuel remaining EP PMMWTC
or K-factor for a given vehicle

Byte
No.

n + 0
n + 8
n + 16
n + 24
n + 32
n + 40

Type*

F
D
D
D
D
D

Units

_ _

sq.ft.
Ibs.
Ibs.
Ibs.

Value / Description / Comments

Standard MED pointers to the following data

Vehicle number
Vehicle area
Vehicle weight
Vehicle SPS fuel weight
Vehicle RCS fuel weight
Vehcile K-factor

•Typ»
H — Fl.td-poinI half *ord
F — Fiitd-polnt full word

E * Sinf le-pr«ctilon (flo*tia|-point)
D — Doublr-pr«ciiion (flottinf'point)
X — Hr.id.c-inul
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ID — 8

From — PMMWTC

Purpose — Causes a trajectory update

QNAME — Common

To-Task — PTMANC

EP — PMSVCT

Byte
No.

0
4
8

Type*

F
F

Units

--

Value / Description / Comments

Open
Vehicle number for update
Zero

H — Fiied-poini hall word
F — Fixed-point fu l l word

E — Stnf le-precioion (floating-point)
D — Double.precision (floating-point)
X — Hrxiderimtl
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>

a. Symbol — PMMWTC
b. Program Name — Vehicle Weight Change Module
c. Programming Group — Maneuver Control (Mission Planning)
d. Programmer — B. Oliver
e. Language — Assembler

; f. Data Tables Used — PZMPTCSM and PZMPTLEM
g. MED's Used — M50, M55

. h. Writeup Completion Date — 9/14/67
i. Parameter List — Tables PMMWTC - 1 through -3
j. Flowchart — Figure PMMWTC-1

FUNCTION

', This program provides the capability of changing the CSM, LM, and S-IVB
vehicle area and weight in the CSM or LM Mission Plan Table. It also provides
the capability of changing the following MPT parameters: (1) the orbit density
multiplier (K-factor), (2) the initial configuration, (3) the CSM/LM docking
angle, and (4) the time to begin S-IVB continuous venting.

USAGE

>

}

a. Calling Sequence — RTATTACH TASK = PTMANC, EP = PMMWTC,
GSPV = 1, ID = n, PARAM = (SUBPOOL, 4)

b. Inputs — 1. MED quantities described in parameter lists
2. Data tables PZMPTCSM and PZMPTLEM

c. Outputs and Exit — Output is to data tables PZMPTCSM and
PZMPTLEM. Exit is via XCTL with control passed to PMSVCT.

d. Other Programs Used — PMXSPT, PMSVCT
e. Data Restrictions and Limits — None except limit restrictions

placed on the MED.
f. Error — The following error messages are printed on line:

1. PMMWTC. ILLEGAL ENTRY
2. PMMWTC. DELETE MPT MANEUVERS PRIOR TO ENTERING M55
3. PMMWTC. INVALID MNVR SPECIFIED ON M50

METHOD

The method is described with an explanation of the processing of each input.

1. Vehicle Cross-Sectional Area or Weight (M50)

The CSM, LM, or S-IVB cross-sectional area or weight may be
changed at present time or at the end of any planned MPT maneuver.

Approval Approval

(J
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The input values represent an undocked (single vehicle) configuration
and are stored in words 13-18 of the MPT header if

(a) there are no executed maneuvers in the MPT
(b) a future maneuver was not specified on the M50 MED.

Otherwise, the input values will be stored in words 45-50 of the
appropriate maneuver block. The composite vehicle area (the
maximum area of any single vehicle of the configuration) and
weight (the sum of the weights of the single vehicles of the con-
firmation) is then determined and stored in the MPT header after
the appropriate maneuver.

2. K-Factor (M50)

The input value is stored in word 4 of the MPT header and is
used as the orbit density multiplier for trajectory processing.

3. Initial MPT Configuration (M55)

The initial MPT configuration is stored in word 12 of the MPT
header. The single vehicle cross-sectional areas and weights in
words 13-18 of the MPT headur are then used to determine the
composite vehicle area and weight. This is done in the same
manner as for (1) above.

The input of any of the above quantities (1, 2, or 3) will result
in a queue to PMSVCT requesting that a trajectory update be per-
formed.

4. Time to Begin S-IVB Continuous Venting (M55)

The time to begin S-IVB continuous venting is stored in word 11
of the MPT header. This value is the time associated with the
initial S-IVB weight.

5. Docking Angle (M55)

The docking angle is stored in word 21 of the MPT header.
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QUEID — . 2 8

From.— . GMSCTRL

Purpose — Manual entry of vehicle area,

QNAME •

To-Task

EP —

NA

PTMANC

PMMWTC
RTATTACH weight, or K-factor (M50)

Byte
No/

Type* Units Value /-Description / Comments

1-4

n
n+4
n+8
n+16
n+24
n+32
n+40
n+48
n+56

F
F
D
D
D
D
D
D
D

ft.
Ibs.
ft. 2
Ibs.
ft. 2
Ibs.

Pointer to the following MED parameters in subpool 1

Vehicle
Maneuver number
CSM area
CSM weight
S-IVB area
S-IVB weight
JLM area
LM weight
K-factor

"Tvn*
H — Fi«fd puint h«U «nrrt
F * Furd-point fu l l word

E — Single-precision (flo»tin$-point)
D — Doublr-precitton tnoatiof-point)
X — HpBidenmtl
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QUEID —

From —

Purpose —

QNAME — NA

To-Task — PTMANC

38

GMSCTRL

Manual entry of MPT configuration, EP ~ PMMWTC
RTATTACH time to begin S-IVB venting, or CSM/LM docking angle (M!

Byte
No.

1-4

,

n

n+8

n+16
n+24

Type*

F

F
F
F

F
D
D

Units

STU
rad.

Value / Description / Comments

Pointer to the following MED parameters in
subpool 1: .

Vehicle
Not used
Configuration Code:

0 - CSM
1 - LM
2 - CSM and LM
3 - CSM and S-IVB
4 - LM and S-IVB
5 - CSM, LM, and S-IVB
6 - LM ascent stage
7 - CSM and LM ascent stage

Not used
GMT to begin S-IVB venting
Docking angle

H — Fl«€d-polnl half word
F — riMd-polol full word

E — 3lnf!«-pr<cl>ion (flo«ting-point)
O — Oouble-prociiion (floating-point)
X — He»id»elmal
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Table PMMWTC-3. Parameter List

Z. PMMWTC
DATE 10/10/67(EORP)
REV
PAGE 5 of 1 5

• XCTL

QUEID

From —

Purpose

— 8

PMMWTC

Select and route vector for vehicle
trajectory update ,

QNAME — NA

To-Task — NA

EP — PMSVCT

Byte
. No.

Type* Units Value / Description / Comments

0
4
8

F
F

Open
Vehicle for update
Zero

H — Fi»d-polnl half word
r — riivd-poto] full word

C — SJftf l«-pr«cUlon (noatla|-point)
O — Ooublc*pr«ci«ion (floating-point)
X — Hrxidaeimal
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a. Symbol — PMQMED
b. Program Name — MED decoder subprogram for K & M MEDs
c. Programming Group — Mission Planning
d. Programmer — E. Kramer
e. Language — Assembler
f. Data Tables Used — None
g. MED's Used — All K & M codes
h. Writeup Completion Date — 8/4/67
i. System Parameters — Table PMQMED-1
j. Flowchart — Figure PMQMED-1

FUNCTION

PMQMED checks the validity of all K & M MED's and sets up data
for routing to proper destination

USAGE

a.
b.
c.
d.
e.
f.

Calling Sequence — LINKed to by GMGMED
Inputs — All items input on MED
Outputs and Exit — Properly formatted data for routing
Other Programs Used — GMGMED
Data Restrictions and Limits — See MED formats.
Error — See MED formats.

METHOD

See write-up for GMGMED for subprogram methods.
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3. PMSEXE

a. Symbol — PMSEXE
b. Program Name — Maneuver Execution Program
c. Programming Group — Mission Planning
d. Frogrammer(s) — W. E. Sherman
e. Language — Assembler
f. Data Tables Used — PZMPTCSM, PZMPTLEM, PZMPTS4B
g. MED's Used — None
h. Writeup Completion Date — 10/14/66
i. Parameter List — Tables PMSEXE - 1 through - 4.
j. Flowchart — Figure PMSEXE-1.

FUNCTION

PMSEXE, after the execution of each maneuver in the Mission Plan Table,
prints the maneuver execution vector on line and updates the last executed
maneuver counter in the Mission Plan.

USAGE

a. Calling Sequence — RTATTACH TASK = PTMANC, EP = PMSEXE,
ID = 27

b. Inputs — Present time from the RTATTACH
c. Outputs and Exit — Maneuver execution vector on line and updates

quantities in Mission Plan Table.
d. Other Programs Used — GMSCTRL and PMXSPT
e. Data Restrictions and Limits — None
f. Error — Illegal entry - causes on-line print.

METHOD

PMSEXE request time traps at the beginning of each maneuver in the Mission
Plan Table by the execution of the DTROUTE macro. Upon the receipt of these
time traps, the appropriate maneuver execution vector will be printed on line.

Approval Approval
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Table PMSEXE - 1. Parameter List

3. PMSEXE
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ID — 12

From — PMSEXE

Purpose — Release GMSCTRL

QNAME — GQ3CTL

To-Task — GTMSCTRL

EP — GMSCTRL,

Byte
No. Type* Units Value / Description / Comments

Table PMSEXE - 2. Parameter List

ID — 35

From — PMSEXE

Purpose — Illegal entry print

QNAME —

To-Task — PTMANC

EP — PMXSPT

Byte
No.

Type* Units Value / Description / Comments

•Tn>»
H — Fi*ed-polnl half word
F — Tiled-point full word

C — Slnflt-preclilon (floating-point)
O — Ooublr-precliion (flolUnf-point)
X — Hriidenmal
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8 *
ID — 27 + 2 * n

From — GMSCTRL

Purpose — Maneuver execution timeout for
vehicle n

QNAME —

To-Task — PTMANC

EP — PMSEXE
* vehicle number

Byte
No.

Type* Units Value / Description / Comments

Parameter List

ID — 36

From — PMSEXE

Purpose — Print maneuver execution vector
on line

QNAME —

To-Task — PTMANC

EP _ PMXSPT

Byte
No.

0-3
4-11
12-19
20-27
28-35
36-43
44-51
52-59
60-67

Type*

X
D
D
D
D
D
D
D
D

Units

. _

hr
Er
Er
Er

Er/hr
Er/hr
Er/hr

Ibs.

Value / Description / Comments
/

Vehicle name
Time of vector
X -Component of position
Y -Component of position
Z -Component of position
X -Component of velocity
Y -Component of velocity
Z -Component of velocity
Vehicle weight

•T|FP»
H — Fi««d-polnl hall word
r — Find-point full ward

C — Sinflle-preciilon (floating-point)
O — Double-predator* (floating-point)
X — Hriiderimal
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a. Symbol — PMSTICN - PCMTIS
b. Program Name — Two-Impulse Impulsive Maneuver Csect
c. Programming Group — Mission Planning
d. Programmer (s) — G. Deaton, T. Hickey
e. Language — FORTRAN IV
f. Data Tables Used —None
g. MED's Used — None
h. Writeup Completion Date — 10/31/66
i, Flowchart — Figure PMSTICN - PCMTIS-1.

FUNCTION

When given a chaser transfer initiation point and a transfer completion point,
PCMTIS computes chaser impulsive osculating elements before and after the
transfer initiation point, and outputs them in standard elements table format.
Associated data that belongs in the elements table is also computed.

The transfer initiation point is defined in terms of a time. The transfer
completion point is defined by a time and phase angle and height difference off-
sets of the chaser with the target at the time.

USAGE

a. Calling Sequence — CALL PCMTIS
COMMON/TIS/AEGTAB (55), TCT, Ahf, 6f, DUMMY (2), SQRMU,
ELETAB (40). All are double words.

b. Inputs —
1. AEGTAR - Analytic Ephemeris Generator header and initialized

chaser and target blocks in standard format. The chaser should
be at transfer initiation time. All indicator settings will remain
unchanged by PCMTIS.

2. TCT - Transfer completion time in hours
3. Ah - Height difference offset in Earth radii.

Ah > 0 if the chaser is below the target.

4. 6, - phase angle offset in radians.

8f >«0 if • chaser is behind the target.

5. DUMMY - Not used by PCMTIS
6. SQRMU -\fiT~ ^
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c. Outputs and Exit —
1. ELETAB - Two-block elements table, in standard format, for

transfer initiation and transfer completion maneuvers. Exit is
by RETURN statement. The actual phase angle and height differ-
ence at TCT are returned in the target AEG block.

d. Other Programs Used — PCZYCF, PCPASVEL (POSVEL), and
standard library subroutines.

e. E-fror — ELETAB (1) = 0, No solution was obtained.

^METHOD

The two-impulse processor uses a conic fit solution of Lambert's equations
subroutine in an iterative procedure which produces transfer initiation
Keplerian elements. These elements put the chaser vehicle into a trajectory
that will intercept a desired point in space at the given transfer completion
time. Chaser Keplerian coelliptic elements are produced at the/trartsfef
completion time. Specified phase angle and height difference ofifse^s,, if'any, , •--.
are considered. AV^1 '^5 * '^' *"~,' - v

' - •' *•*• v • ' .-•.. =-'
- 4,̂ J

The iterative procedure uses a fake target point that is refined to produce
the desired targe.t point. A first guess fake target point is computed using a
Keplerian approximation. The actual target point is obtained by advancing the
target vehicle to the transfer completion time and computing the target inertial
position vector, which takes into account any given phase angle and height
difference offsets.

Using the data associated with the first fake target point, the conic fit sub-
routine computes a semimajor axis (a), eccentricity (3), time of transfer beyond
perigee (TPTCU), , and true anomaly (f), which are used to compute the inclination
(i), mean anomaly (1), argument of perigee (g), and longitude of ascending node (h)
for the chaser vehicle after the transfer initiation maneuver. These impulsive
elements are input to the Analytic Ephemeris Generator (AEG), which initializes
them and advances them with drag and harmonics to the transfer completion time.

If the inertial position of the chaser.'vehicle obtained at transfer completion
time is not within the convergence criterion specified, the fake target point is
refined using the position difference between the actual ..transfer completion
point and.the desired one. ,v

The chaser elements before the transfer initiation maneuver are restored,
a new a, e, TPTCU, and f are obtained from the conic fit subroutine, from
which are computed the new i, 1, g, and h after the maneuver.
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The new elements are again advanced to transfer completion time,
convergence check made, and iterations continued until convergence is ob-
tained or the iteration counter is exceeded, in which case the actual phase
angle and height difference are computed by the AEG and compared with the
rendezvous tolerances of .04 degrees phase difference and 3000 feet height
difference. If these tolerances are met, the logic follows the same path as if
the iterative process had converged. If the tolerances are not met, an error
indicator is output. If the iterative process converges, Keplerian elements
before and after each of the two maneuvers are output.
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a. Symbol — PMSTICN-PCSTICN
b! Program Name — Two-Impulse Control Logic

Programming Group — Rendezvous Planning
Programmer — T. Hickey
Language — Assembler
Data Tables Used — PZTIPREG, PZTIPCCD, PZMYSAVE,
MED's Used —K30, K31, K32, P51, P52
Writeup Completion Date — 11/17/67
System Parameters — Table PMSTICN-PCSTICN-1
Parameter List — Table PMSTICN-PCSTICN-2 through 6
Flowchart — Figure PMSTICN-PCSTICN-1

c.
d.
e.
f.

g-
h.
i1.

j-
k.

GZGENCSN

FUNCTION

This section of the Two-Impulse Load Module has the control logic responsi-
bilities for the entire unit. All MED requests are routed to the CSECT for control
of all calculations using the math CSECT's PCMTIS and PCZYCF. In addition to
the control logic, the math formulation for the elevation angle computation, the
impulsive pitch and yaw computations, and several corrective combination compu-
tations are included in this CSECT.

USAGE ,

a. Calling Sequence — All MED requests = XCTL EP = PMSTICN
PMMDKI, a standard LINK EP = PMSTICN is used

b. Inputs — MED parameters, chaser and target vehicle AEG blocks; times
of both maneuvers, and desired offsets

c. Outputs and Exit — Data tables PZTIPREG and PZTIPCCD for MED
requests, and two impulsive maneuver blocks for other requests —
Exit for MED M72 = XCTL to PMMXFR; all other exits by a 'RETURN'
macro

d. Other Programs Used — Day-night subroutine (PMMDAN), GIMKIC,
PCMTIS, AEG (PMMAEG), print logic (PMXSPT), single solution
computations (PMMTISS), display supervisor (GMSNAP), system sub-
routines ATAN2, DSIN, DCOS, DSQRT, DARSIN, DATAN, DATAN2,
DTAN, FDXPD=, GLQATN, and DARCOS

e. Data Restrictions and Limits — None other than restrictions controlled by
MED logic

Approval Approval
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f. Error — The following error messages may be printed on line:
"PMSTICN. NO NOMINAL OFFSETS FOR CORRECTIVE COMBINATION"
"PMSTICN. SOLUTION NUMBER NOT IN TABLE"
"PMSTICN. FAILED TO CONVERGE ON ELEVATION ANGLE"
"PMSTICN. AEG ERROR"
All other error conditions have internal indicators to the appropriate
logic.

METHOD

The method is divided into five parts as listed below. The following para-
graphs provide an explanation for each of these parts.

• Multiple Solution Request

• Corrective Combination Request

• Single Solution Request

• Transfer Option

• DKI or SPQ Generate

a. Multiple Solution Request
This MED request has the ability to vary the time of either the first or
second maneuver through some input time range by some input increment
and compute a two-impulse solution for each case. The same desired
offsets are used for all cases. This request also has the capability of
letting the two-impulse unit determine the time of the first maneuver
by use of an elevation angle search routine. The following paragraphs
explain the method used in determining the time of arrival at the desired
elevation angle.

It is assumed that the orbits between the chaser and target are co-
elliptical with a small phase lag. It is further assumed that the elevation
angle desired is reached at some point in the future. For example, if the
chaser is below the target, it is not expected that the chaser would be
required to pitch down to acquire the target; hence, if an elevation angle
of 0>cp > - 180° is requested, no solution is obtainable. Assuming co-
ellipticity and a small phase lag, the assumption is made that the rela-
tive displacements X and Y of the target with respect to the chaser, vary
linearly with time.

Therefore, X = At + B
Y = Ct -I- D
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It should be pointed out tVuil X is measured in the direction of motion,
Y is measured radially toward the Earth, and the elevation angle is
measured posi-time up.

Thus:

Y
- — = tan m, where cp is the elevation angle

X

assuming

- C t - D Sin

^At + B REQ c o s m „_
REQ

{A Sin ̂  + ° C°S ̂ ^ = ' B Sln C°REQ - D C°S

C°S

The time "t" should be the time when the required look angle is reached;
however, perturbations, and non-linearity with time in the relative
positions do require an iterative technique to be employed.

After all solutions have been attempted,and the best 13 solutions of the
requested range are found, the unit queues the Multiple Solution Display
Display Load Module, PMDTIMP.

b. Corrective Combination Request
The corrective combination technique involves two different requests.
The first is varying the time of the second maneuver at a particular
height through an input range and selecting the lowest fuel expenditure at
that height. A range of heights is also input. The phase angle compu-
tation for a given time at a given height is as follows:

Terms:

K = ratio of catch-up rate to height difference
5.9853114 rad/hr /Er

= nominal NSR phase angle '\

= nominal NSR height offset '. MED inputs

T = nominal time of NSR maneuver }
W olx /
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" nominal phase angle for start time of time range

H9R = height to theta ratio
9. = phase angle for particular solution

T, ,T.T = minimum time of second maneuver
MIN

Computations:

fl = Ck = IT - T ^ K . Ah
°TMIN 3WSR { MIN WSR; WSR

TMIN

The phase angle for the minimum time at each height is computed as:

A
i H9R

The phase computation for the next time at the same height is:

0. , = 9. - Au • A At
i+l i

where

Au = K« Ah and AAt is the time increment between each of the
times of the second maneuver

The second option varies only the phase angle through as input range.
A slip time limit on each side of terminal phase initiation time in input
as well as the time increment between the positive and negative limit.
The time of the second maneuver is fixed. The computation of the range
of phase angles for the same time at each height is as follows:

Terms:

At = limit of slip time on each side of terminal phase

AAt = time increment between positive and negative limit

Computations :

O = fl - (T - T ) K • AhWTMIN WWSR l MIN WSR; WSR

H8R -
TMIN

A - Ah

i H0R
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Therefore:

Q^^TM = 9. - At- Aii and
MIN i

e..AV = 9. + At- Au
MAX i

The increment phase angle is then computed the same as the first option:

e

In both options, the lowest fuel expenditure at each height is saved, and
a queue is sent to the Corrective Combination Display Load Module,
PMDDTVCC.

c. Single Solution Request
This pass through the control logic recomputes the requested corrective
combination or multiple solution case, and queues the load module
PMMTIS, the single -solution load module, for further computations.

d. Transfer Option
The logic here is exactly the same as the single -solution, except that
after the regeneration of the requested case, control is given to PMMXFR,
the maneuver transfer logic area of the maneuver control unit.

e. DKI or SPQ Generate
For this option, all inputs to the unit are passed from the DKI control
load module PMMDKI, and a two impulse solution is computed using
zero offsets. The results of the computation are then passed back to
PMMDKI for further use.

DTROUTE, RTQCNTRL, RTATTACH Macros

Macro — RTATTACH TASK=GTISPLAY, EP=GMSNAP, ID=3,
PARAM = (Display, 4, FAKEOUT, 4)

Purpose — Update appropriate display
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QUEID — 100

From — PMSVEC

Purpose —Corrective Combination Computation
- K32 MED Request

QNAME —

To-Task —

EP — PCSTICN

Byte
No.

.1.

5

9

17

25

33

41

49
57

65

73

81

401

409

417

•425

433

441

449

457

465

473

481

497-584

Type*

F

F

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

Units

hrs.

hrs.

hrs.

Er

Er

Er

hrs.

hrs.

hrs.

hrs.

Er

rad.

rad.

rad.

rad.

hrs.

sq. ft.

Ibs.

Value / Description / Comments

Code = 1-3 - Maneuvering (chaser) vehicle code

0 or 1 - Request Indicator

Vector time for maneuvering vehicle

Vector time fpr target vehicle

Time of first (NCC) maneuver

Minimum height offset

Maximum height offset

Height increment

Minimum time of second (NSR) maneuver

Maximum time of second (NSR) maneuver

Time increment of second maneuver

Limit of terminal phase slip time

Semimajor axis of chaser vehicle

Eccentricity of chaser vehicle

Inclination angle of chaser vehicle

Mean anomaly of chaser vehicle

Argument of perigee of chaser vehicle

Ascending node of chaser vehicle

Time of chaser elements

K-Factor from chaser MPT

Area of chaser vehicle

Weight of chaser vehicle

Station ID from chaser MPT

Same as bytes 401-488 but for target vehicle

"Tvn*
H — Fii*<i point K*ll *<T<|
F — Fivtd-pomt fu l l word

E — Singlr-preciiton (flo*Un|-pomt)
D — Double -precision (floating-point)
X — Heiiderimal
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QUEID —

From —

Purpose —

34

GMSCTRL

QNAME -

To-Task

Transfer of Multiple or Corrective EP — PCSTICN

Byte
No.

1

5

Type*

F

F

Units Value / Description / Comments

IND = 1 or 2 - Two-Impulse Table Indicator

NO. = 1-13 - Plan number for transfer

Table PMSTICN-PCSTICN-4. Parameter List

QUEID — 102

From — PMSVEL

Purpose — Multiple Solution Computation
K30 MED Request

QNAME —

To-Task —

EP — PCSTICN

Byte
No.

1
5
9

17
25
33
41
49

401-584

Type*

F
F
D
D
D
D
D
D

Units

hrs.
hrs.
hrs.
hrs.
hrs.
hrs.

Value / Description / Comments

Code = 1-3 - Maneuvering (chaser) vehicle code
IND. = 0-2 - Type of Request Indicator
Vector time for maneuvering vehicle
Vector time for target vehicle
Time of first maneuver
Time of second maneuver
Time increment of variable maneuver
Time range of variable maneuver
Same input as QUEID 100

H — Pt«ed*polnl hall wo
F — Fi.rd-point full wor

E — Single-pr«n»ion (floAting-point)
O — Duul»l«* -pr<*cmon (floating-point)
X — Hrx ider imkl
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QUEID — 103 QNAME —

To-Task —From — PMMDKI - DKI Control Logic
Compute terminal phase maneuvers

Purpose —for DKI or co-elliptic sequence plan EP —PCSTICN

Byte
No.

5 -

9

Type*

F

F

Units Value / Description / Comments

Address of AEG blocks for computations

Address of output from two-impulse

Table PMSTICN-PCSTICN-6. Parameter List

QUEID 104 QNAME —

To-Task —From — GMSCTRL

Compute single solution parameters
Purpose — K31 MED reqUest EP —PCSTICN

Byte
No.

1

5
9

13

17

25

Type*

F

F

F

F

D

D

Units

rad.

hrs.

Value / Description / Comments

Ind. = 1 or 2 - Two -Impulse Table Indicator

No. = 1 - 1 3 - Plan No. for transfer
No. = 2 or 4 - No. of firings quads used

Mode = 1 or 2 - Mode Indicator for single solution

Pitch angle

Approach data time increment

s

H — Fl««d-pcint haU word
F — Fivd-point full word

E — Sinf le-precition (flo»tinj-point)
D — Double-precision (floating-point)D — DouhU-p _.
X — Htxiderim*
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a. Symbol — PMSTICN-PCZYCF
b. Program Name — Conic Fit Csect
c. Programming Group — Mission Planning
d. Programmer (s) — G. Deaton, T. Hickey
e. Language — FORTRAN IV
f. Data Tables Used — None
g. MED's Used — None
h. Writeup .Completion Date — 10/24/66

;i. Flowchart — Figure PMSTICN-PCZYCF-1.

FUNCTION

When given two radius vectors, the transfer angle separating the transfer
time, and the integral number of revolutions required for the transfer, PCZYCF
computes the two-body semimajor axis, eccentricity, true anomaly at the trans-
fer initiation point, and time past pericenter at the transfer initiation point tha*
are required to satisfy the given parameters.

USAGE

\

Calling Sequence — CALL PCZYCF COMMON//R1, R2, PHIT,
DELT, VXI2 , VYI 2, VXF 1, VYF 1, A, E, FT, SQRMU, INDSOL,
NREVS
Inputs —
1. Rl - Transfer completion radius (REAL * 8)
2. R2 - Transfer initiation radius (REAL * 8)
3. PHIT - Transfer angle in radians modulo 2TT (REAL * 8)
4. DELT - Transfer Time (REAL * 8)
5. VXI2*'- Horizontal velocity before transfer initiation (REAL * 8)
6. VYI 2* - Radial velocity before transfer initiation (REAL * 8)
7. VXF 1* - Horizontal velocity after transfer completion (REAL * 8)
8. VYF 1* - Radial velocity after transfer completion (REAL * 8)
9. SQRMU -VTT~in units consistent with Rl, R2, DELT (REAL * 8)

10. NREVS - Integral number of transfer revolutions (INTEGER * 4)
NREVS = 0 for transfers of less than 360 degrees.

Outputs and Exit —
1. A - Semimajor axis (REAL * 8)
2. E - Eccentricity (REAL * 8)
3. FT - True anomaly after transfer initiation (REAL * 8)

Approval /I Approvalm£~s,
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4. TPT - Time past pericenter after transfer initiation (REAL * 8)
5. INDSOJL - Solution Indicator (INTEGER * 4) . Exit is by RETURN

statement.
d. Other Programs Used — Standard library subroutine
e. Data Restrictions and Limits — The smallest semimajor axis that can

be returned is 1.02 Earth radii.
f. Error — If INDSOL > 0, a solution was generated. If INDSOL < 0, no

solution was obtained.

*This parameter need be given only if NREVS > 0.

METHOD*

The conic fit technique is designed to compute two-body semimajor axis, a,
and eccentricity, e, of an ellipse which satisfies two given radii, r • F_ and r

\> L* X

are separated by the central angle, $ . The fourth quantity needed to make the

ellipse unique is the transfer elapsed time.^t, required for passage through
the travel angle, $ . This is all the information needed if $ <2ir.

Two other parameters (which are computed for output) are the true anomaly,
f , and time past pericenter, t , of the maneuvering vehicle in the transfer

* Reference MSC Internal Note No. 65-FM-28, by J. D Alexander and
"The Determination of an Orbit From Two Positions", by P E. El'Yasberg,
Planet. Space Science, 1963, Vol. 11, pages 395 to 415.



!' • 2. PMSTICN -
vO

i
en RTCC APDLLD PROGRAMMING SYSTEMS

i

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

PCZYCF

DATE 7/28/67
REV
PAGE 3 of 16

orbit at transfer initiation. Transfer initiation is assumed to be at T7 and
L*

transfer completion is assumed to be at r .

If $ >2rr, two solutions may exist. In this case, the integral number of

revolutions, N, must also be given to the program as input. However, the
value of $ should be input modulo 2rr. In addition, so that the solution which

requires the smaller fuel expenditure can be chosen, the radial and horizontal
velocity components before the transfer initiation and after the transfer com-
pletion maneuvers must be input.

First, consider the case $_,^ 2ir (N = 0). It can be determined if an elliptic

solution exists by computing the parabolic transfer time

where the cord length S = R + R - 2 R R cos $ . The plus sign is
I* 1 ^ Jl ^ J. I

chosen in the equation for At if $„,"> rr, the minus sign if $ <TT. This
*—* .H AK. 1 ̂  1

convention also holds for other formulae mentioned below. If At < At,., AD,

no elliptic solution exists. An error indicator is set and the program is exited.

Next, it is necessary to determine to which family, first or second, the
solution ellipse belongs. The conic fit equations which are used to determine this and the
this and that are used in the semimajor axis iterative scheme are

a3/2 r -|
First Family: At. = — [2TT N + e - sin e +_ (6 - sin 6)1

3/2 r -j
Second Family : A t = 7=- ZTT (N + 1) - e + sin e + (6 - sin 6)

*—^ ^ \i\I L_ ~~ _J

3/2 r
. = -== TT
im v/T^ I—

Limiting Case: A t,. = -£== TT (2N + 1 + (6,. - sin 6,. ))0 t-\ lim ,ru^ L — lim lim '
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In the equations above,

e = 2 tan
R + R + S

L £

6 = 2 t a n

4a - (R + R2 + S)

4a - - S)

1/2

1/2

a.,lim

R. + R + S
1 £

&, . =2 tan
lim

-1
2S

a. is the shortest possible semimajor axis that can satisfy R , R , and
lim 1 £

T.

The family to which the solution belongs is determined by computing the
boundary transfer time, At , between the first and second family solutions. .

The correct conic fit equation is chosen on the following bases:

(1) If A t ^ At <At r , use first family equation.

(2) If At = A t , use the limiting case equation.

(3) If At At,. , use second family equation.

Once the conic fit equation to be used is known, the correct equation for the
Newton-Raphs'on iteration can be chosen. The general equation for the Newton-
Raphson iteration is

Ma.)
a. . = a. :—-—i i- 1 i .1

f {ai)

For instance, if the desired solution is of the first family, then

3/2
f(a) = At

«3/2 F.a 2 T T N
v/TT^ L

+ e - sin e + (6 - sin
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and

f1 (a)
1/2

(1 - COS

-I [TrrN + e - sin e + (6 - sin

/v^z -s
£ ) ± > / 4 a - ( R + R ? - S )

J. £

The iteration is started by letting the first guess be CL. + 10,000 feet.
J. D. Alexander of NASA points out in his internal note that using this first
guess is as good or better than using other methods that compute a first guess.

The iteration is continued until /a. - a. / < 50 feet. If convergence is

not obtained, an error indicator is set and the best semimajor axis — i.e., the
a. for which /a. - a. /was smallest — is output and used for computing

k the output parameters e, f , and t .

After the semimajor axis is obtained, the eccentricity is computed using
the equation

e =
"ps - a - (R - a) cos (e - 6)

sin (e - 6)

2

+ (a - R2)2
1/2

The true anomaly, f . on the transfer trajectory at transfer initiation is
computed as follows:

- Semi-latus Rectum = P = a (1 - e )

(sin

«T =

PT

(cos

- R 2
R2

'T cos
P T- R 1

fT e • RI

sin

= tan
-1

(sin f)1

(cos f)r
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The time past pericenter corresponding to f is

tan

e ( s i n f )
1+e (cos f)r

Orientation of the plane of the trajectory must be done by the calling program.

Next, consider the case $ > 2rr (N>0). First a Newton-Raphson iteration is

performed to compute the semimajor axis, OL,, which correspond to the minimum

multiple revolution transfer time, At , which can exist for elliptic motion. The

equation used for this iteration is on sheet. 4 of 9 of the flowchart and is obtained
from

da

As before, the best value is used if convergence is not reached before the
iteration counter is exhausted.

The minimum multiple revolution transfer time, At , is computed so that

it can be determined if a solution exists. The minimum time is

3/2

2 T T N + - sin

where e = 2 tan

and 6,.T = 2 tan
N

-1
RL + RZ + s

[- (

1/2

- sin &N>

R 1 + R 2 - S

- S)

The sign of the last term in the At., computation is chosen according to the

• modulo 2ir value of the transfer angle, $ . If $ > TT, use the plus sign.

If A tisj^A *« an error indicator is set, and the program is exited. If

A tMx A t, a solution exists and the boundary transfer time between the first .

and second family solutions is computed using the limiting case formula for At.



V£>

* . „ _ DATE 7 /2g/67

t/l

RTCC APDLLD PROGRAMMING SYSTEMS
REV

BOOK: MISSION SYSTEMS - AS-ZOO Mission Planning

2. PMSTICN
PCZYCF

PAGE 7 of 16

Knowing t and t , one can determine the types of solutions.

If t,,T t t_. , both solutions are first family.
N lim '

If t = t , one is first family, the other limiting case.

If t t , one is second family, the other first family.

If t = t , there is only one solution. It is first family.

The two solutions are computed using the same iterative procedure as is
used for N = 0. First family solutions are computed using for a first guess
a. = a. + 500 feet (i = 0). Second family solutions are computed using for

a first guess a. = OL. + 10,000 feet. The solution that requires the smaller

amount of fuel expenditure is .output.
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DATEl0/23/67 (EORP)
REV
PAGE 1 of 19

BOOK: MISSION SYSTEMS - AS-200 Mission Planning

. a. Symbol' — PMSVCt
b. Program Name — Vector Routing Load Module
c. Programming Group •— Maneuver Control (Mission Planning)

" , d. Programmer — B. Oliver
e. Language — Assembler
f. Data Tables Used — PZMPTCSM, PZMPTLEM, GZTSCNS1, GZTSCNS3
g. MED's Used — None
h. Writeup Completion Date — 9/2^/67
i. Parameter Lists — Tables PMSVCT-1 through -5
j. Flowchart — Figure PMSVCT-1

FUNCTION

The primary function of the vector routing processing is to select vectors from
the current vehicle ephemeris for the purpose of performing an ephemeris update and
to initiate trajectory updates as the result of the selection of new vehicle anchor
vectors.

USAGE

a. Calling Sequence — RTATTACH.-TASK = PTMANC, EP = PMSVCT,
ID = n, PARAM = (ADDR, LENGTH)

b. Inputs — Parameter lists (Tables PMSVCT-1 through -3)
c. Outputs and Exit — Routes vector for trajectory update via XCTL to

EMSTRAJ
d. Other Programs Used — ELGETE, EMGVECST, PMXSPT, EMSTRAJ
e. Data Restrictions and Limits — None
f. Error — If any error conditions are encountered, an appropriate comment

is printed on line, and the program exists.

METHOD

The Vector Routing Load Module will be entered as the result of various maneu-
ver control functions. These functions result in a change to the Mission Plan
Table (MPT) data that affects the generation of the current CSM or LM ephemeris.
These functions include the following:

a. The insertion, deletion, or change of an MPT maneuver
b. The change of the current orbit density multiplier (K-factor)
c. The change of a vehicle weight or cross-sectional area.

In addition, PMSVCT will be entered to per/form an "ephemeris extension" when the
length of the future ephemeris fails to meet the requirement as specified in TR165.

Approval Approval
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2. PMSVCT
DATE10/23/6XEORP)
REV
PAGE 2 of 19

Since these functions do not affect the anchor vector for the ephemeris, a present
position vector based on the current anchor vector is selected from the vehicle
ephemeris. This vector will be the latter of : (1) the burnout vector of the last
executed maneuver, (2) the first free-flight three-minute vector prior to present
time, or '(3)the pres.ent anchor vector. The vector selected is then routedto EMSTRAJ,
and a trajectory update is performed.

!

When a new anchor vector is selected for the orbit ephemeris, it is routed to
PMSVCT for the purpose of initiating a trajectory update. If the anchor vector is
within the range of a maneuver in the Mission Plan Table, the following action is
taken:

a. The end time of the maneuver in the MPT header is set equal to the time
of the anchor vector

b. The burnout vector in the maneuver description block of the MPT is set
equal to the anchor vector

c. An indicator in the maneuver description block of the MPT is set.

In all cases, the time of the anchor vector .is set in the MPT, and the vector is
routed to EMSTRAJ to complete the trajectory update.
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Table PMSVCT-1. Parameter List

RTATTACH

2. PMSVCT
DATE10/23/67(EORP)
REV
PAGE 3 of 19

QUEID — * (0-7)

From — GMSCTRL

Purpose — Initiate a trajectory update
with the vector transmitted

QNAME — NA

To-Task — PTMANC

EP — PMSVCT

Byte
No.

Type* Units Value / Description / Comments

1-4
5-8
9-16

17-24
25-32
33-40
41-48
49-56
57-64
'65-72

F
F
D hours

Er
Er
Er
Er/hr
Er/hr
Er/hr

* (0-7)
Vehicle index
Time of vector
X
Y
Z
X
Y
•

Z
Source ID
* 0 Nominal insertion

1 Actual insertion
2 Restart
3 Launch override
4 DC
5 High-speed radar
6 Telemetry
7 Maneuver confirmation history vector

"Tvp*
H — Fi«rd puinl H»M »<>rd

F — Fitted-poini full word

E — Singlt-preciiion (floating-point)
O — Doublr-pr«ci«ion (flo*tm|-point)
X — Hr-xiderim»)
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Table PMSVCT-2. Parameter List

XCTL

QUEID — 8 QNAME — common

From — PMMXFR, PMMWTC, PMMFUD To-Task — PTMANC

Purpose — Initiate a trajectory update(s) as a EP — PMSVCT
result of maneuver control action

2. PMSVCT
DATEl 0 /23/67 (EORf
REV |
PAGE4 of 19 "

Byte
No.

1-4
5-8
9-12

Type*

F
F

Units Value / Description / Comments
i

Open
Vehicle for first update
Vehicle for second update (= zero if none)

Table PMSVCT-3. Parameter List

RTATT'ACH
QUEID — 17

From — GTMSCTRL

Purpose — Ephemeris extension request

QNAME — GQ3CTL

To-Task — PTMANC

EP — PMSVCT

Byte
No.

1-4
5-8

Type*

F

Units Value / Description / Comments

Open
Vehicle index

•Typ*
H — FUtd-puint half word
F — ri««d-poini full word

C — Singlc-precition (floating-point)
D — DouhU-preciiton (no*tinff-point)
X — Hrxidsrim*)
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Table PMSVCT-4. Parameter List

LINK

QUEID — QNAME —

From — PMSVCT To-Task —

2. PMSVCT
DATE10/23/67 (EORP)
REV
PAGE 5 of 19

Purpose — Obtain the orbit ephemeris
anchor vector

EP — EMGVECST

Byte
No.

1-4
5-8
9-16

Type*

F
F
D

Units

hr

Value / Description / Comments

7 - ID
Vehicle code
Time of anchor vector

;

.; ^

H — Fn*d-potnl hall »<>r r i
r — F i i t d - p o f n i fu l l word

C — Singlr-pr*cUtoa (flatting-point)
O * Double-precision (fla«tinf'point)
X — Hnid*rim*l
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Table PMSVCT-5.Parameter List

XCTL

QUEID — NA QNAME — NA

From _ PMSVCT To-Task — PTMANC

Purpose — Perform orbit trajectory update EP — EMSTRAJ

2. PMSVCT
DATElO/23/67(EORF
REV (
PAGE 6 of 19

Byte
No.

1-4
5-8
9-12

13-16
17-24
25-32
33-40
41-48
49-56
57-64
65-72
73-80
81-152

L53-160
161-168

Type*

F
F
F

F
D
D
D
D
D
D
D
D

Units

Er
Er
Er

Er/hr
Er/hr
Er/hr

Value / Description / Comments

Address of work area in subpool 1
Not used
Action code for trajectory update

0 Nominal insertion
. 1 Actual insertion

2 Restart
3 Launch override
4 DC
5 High-speed radar
6 Telemetry
7 Maneuver confirmation
8 Ephemeris extension/Maneuver control action

VEH1 - Vehicle 1 ID
Time of vector
X
Y
Z
X
Y
Z
Station ID
Same as 9-80 for Vehicle 2
Not used
Zero

• Type
H - Fi«*d-point K*ll word

r — Fittd-point full word

E — Siftil*-pf«ciiion (floating-point)
D -» Double-precuion (floating.point)
X — H<-»id«om«l
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2. PMSVCT
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DATE 12/13/67 (EORP)
REV
PAGE 1 of 8

a. Symbol — PMSVEC
b. Program Name — Vector Fetch Load Module
c. Programming Group — Rendezvous Planning
d. Programmer(s) — T. Rickey
e. Language — Assembler
f. Data Tables Used — PZMPTCSM, PZMPTLEM, PZMPTS4B
g. MED's Used — KOO, KOI , K20-K24, K28, K30, K32, K45
h. Writeup Completion Date — 11/17/67
i. Parameter List — Table PMSVEC-1 and 2
j. System Parameter — Table PMSVEC-3
k. Flowchart — Figure PMSVEC-1

FUNCTION

The function of this load module is to get one or two sets of Keplerian elements,
with the associated time, area, weight, K-factor, and station ID, ensuring that the
time of the elements meets all ground rules set up for maneuvers by the particular
vehicle involved.

USAGE

a. Calling Sequence — RTATTACH EP=PMSVEC for K20-K24, K28, K30,
K32 or K45; LINK EP= PMSVEC for KOO and KOI .

b. Inputs — Vehicle code(s), Queue ID, TIME(s) to get vector for appropriate
vehicle(s) - See input block Table PMSVEC 1.

c. Outputs and Exit — See output block Table PMSVEC-2. Exit by "XCTL" =
(LM Name) for K20-K24, K28, K30, K32 or K45; "RETURN" for all other
queues.

d. Other Programs Used — ELGETE, GIMIKC, PMXSPT;
e. Data Restrictions and Limits — Time(s) of requested vectors must fall

within range of corresponding ephemeris.
f. Error — Error message printed when no vector is available, and error

indicator set for KOO and KOI MED's; no queue (XCTL) issued for any other
MED's - RETURN is issued.

METHOD

Since this load module does no computations, but is strictly a logic and utility
type program, no method is presented here, and the reader is directed to the flow-
chart for further information.

Approval
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Table PMSVEC-1. Parameter List

2. PMSVEC
DATE 12/13/67 (EORJ
REV (
PAGE 2 of 8

QUEID —

From — All Load Modules

Purpose — Input Block

QNAME -

To-Task

EP —

Byte
No.

Type* Units Value / Description / Comments

1-4 ,

5-8

9-16

17-24

D

D

hrs.

hrs.

Code = 1, 2, or 3 - Maneuvering Vehicle Code

Spare

Requested vector time of maneuvering vehicle

Requested vector time of target vehicle
(for KOO, KOI , K45, K30, and K32 MEDs)

H — Fixed point ha U *..r.l

F — Fixed-paint full word

E — Singlc-prencion ((lo*tin.|-poit\t)
D — Doublr-preci»ion (floating-point)
X — Hfxidenmft l
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Table PMSVEC-2. Parameter List

2. PMSVEC
DATE 12/13/67 (EORP)
REV

PAGE 3 of 8

QUEID —

From —

Purpose —

PMSVEC

Output block to all
user load modules

QNAME —

To-Task —

EP —

Byte
No.

1-8

9-16

17-24

25-32

33-40

41-48

49-56

57-64

65-72

73-80

81-88

89-93

93-96

97-192

Type*

D

D

D

D

D

D

D

D

D

D

D

F

F

Units

Er.

--

rad.

rad.

rad.

rad.

hrs.

--

sq. ft.

Ibs.

--

--

--

Value / Description / Comments

Chaser vehicle semimajor axis

Chaser vehicle eccentricity

Chaser vehicle inclination angle

Chaser vehicle mean anomaly

Chaser vehicle argument of perigee

Chaser vehicle ascending node

Time of these Keplerian elements

K-Factor from MPT at this time

Area of vehicle

Weight of vehicle

Station ID in MPT

QUEID for this request

Spare (used by PMSVEC)

Same as above block, but for Target vehicle -
used by MEDs KOO, KOI , K30, K32, and K45

H — Tix r f l puinl h*U
f — Fi«*d-poim lull

E — Smglt 'preciilon (floating-point)
D — Doufa|r-preci«ion (floating-point)
X — Hfmidef im»l
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2. PMSVEC
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2. PMXSPT
DATE 10/23/67 (206)
REV '
PAGE 1 of 3

a. Symbol — PMXSPT
b. Program Name — Mission Planning Print Load Module
c. Programming Group — Maneuver Control
d. Programmer — B. Oliver
e. Language — Assembler
f. Data Tables Used — None
g. MED's Used — None
h. Writeup Completion Date — 3/28/67
i. Parameter List — Table PMXSPT-1
j. Flowchart — Figure PMXSPT-1

FUNCTION

The function of this program is to print all Mission Planning related on-
line messages.

USAGE

a. Calling Sequence — LINK EP=PMXSPT, PARAM=(PRNT CODE,
DATA)

b. Inputs — Parameter list
c. Outputs and Exit — The appropriate message is printed on line and

an exit is made via RETURN ,{14, 12).
d. Other Programs Used —; None
e. Data Restrictions and Limits — None
f. Error — If no message exists for the requested print code, XX,

the message
"PMXSPT. ILLEGAL ENTRY=XX"

will be printed.
g. Macros Used — RTCNV, RTPUT

METHOD

Messages are formatted for the on-line printer using display formatting
language (DFL). The messages are then output to the printer using RTPUT
access.
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Table PMXSPT-1. j Parameter List

2. PMXSPT
DATE 10/23/67 (206)
REV A
PAGE 2 of 3

:QUEID —

From — User

Purpose — Print on-line message

QNAME —

To-Task —

EP — PMXSPT

Byte
No.

Type* Units Value / Description / Comments

1-2
5-8

H
F

Print code
Pointer to data

"Tvp*
H — Fixed-puinl hall »»rd
F — Tiled-point full word

E — Smgle-pr*ci«lon (floating-point)
D— Oouble-prectsion (n<Mitin|-point)
X — HrKiderimal
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2. PMXTAR
DATE 11/14/67 (KOKP)
REV
PAGE 1 of 8

a. Symbol — PMXTAR
b^ Program Name — Targeting Transmission Load Module
c. Programming Group — Rendezvous Planning
d. Programmer — T. Copper "
e. Language — Assembler
f. Data Tables Used — PZSLVTAR, EZCCSM, EZCS4B
g. MED's Used — K45
h. Writeup Completion Date — 10/23/67
i. System Parameters — Table PMXTAR- 1
j. Data Sent to Hunts ville, Alabama — Table PMXTAR-2
k. Flowchart — Figure PMXTAR- 1

FUNCTION

PMXTAR generates a teletype format of the Saturn Launch Vehicle (SLV) tar-
geting parameters and the current ephemeris data for the vehicle requested. It
then transmits the format to Huntsville, Alabama.

USAGE

a. Calling Sequence — XCNTRL EP=PMXTAR
b. Inputs — PZSLVTAR, EZCCSM, EZCS4B, SUBPOOL 1
c. Outputs and Exit — Output is a teletype message sent to Huntsville,

Alabama. Control is returned to the calling program.
d. Other Programs Used — DTREAD, RTCNV, RTPUT, PMMAEG,

GIMKI, DSQRT, DARSIN, DATANZ, DSIN, DCOS
e. Data Restrictions and Limits — None
f. Error — On-line print - if error is detected in Analytic Ephemeris

Generator (AEG), processing will be terminated.

METHOD

The current SLV targeting parameters to be formatted are gathered from a
data table {PZSLVTAR) generated by the SLV targeting load module (PMMPAR).
Using the time input by the flight controller, a vector is fetched off the desired
vehicle ephemeris. Using the geocentric inertial position and velocity vector,
convert it to a spherical coordinate as shown below.

Given
Compute

x, y, x, y,

r, cp , X, V, y>

Approval Approval
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where x, y, •/. - are the geocentric inertial position vector com-
ponents

x, y, 7. - are the geocentric inertial velocity vector com-
ponents

r - position magnitude

cp - geocentric latitude

X - Earth fixed longitude
\

V - velocity magnitude

Y - flight path angle

i|i - azimuth

T - time of vector

W - Earth's rotation rate

Solution:

. 2 2 2 1 / 2
= (x + y + z )

cp = sin ( z / r )

\ = tan'^y/x) - W T

,.2 .2 .2,1/2
V = (x + y + z )

- I/ xx + yy + z z
Y - sin I —

V rv

= tan - SLJLEL
zz

rz - z
/xx + yy +

V r

The targeting and spherical coordinate data is formatted in a teletype format m
using the data format language and sent to Marshall Space Flight Center, Huntsville,^
Alabama.
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Table PMXTAR-2. Data Sent to Huntsville, Alabama

Symb.
Ref.

TIME
GMTLO
REV

X
Y
Z

X

Y

Z

hT

V MAG

GAMM/
AZ

RANGE
CALAT
CALOW

VIGM1

VIGM2

RIG Ml
YIGM1
IIGM1
TIGM1

TDIGM1
AZL1
TGRR1

Byte
No.

Type* Units

STU
STU

CUL
CUL
CUL

CUV

CUV

CUV

deg./sec.

kilometer
sec .
deg.
deg.

kilometer
deg.
deg.

mete r s
sec .

meters
sec .

meters
degrees
degrees
degrees

deg./sec
deg.
STU

Value / Description / Comments

Time of Vector
Time of First Vehicle Liftoff
Revolution of Time

Position Conponent

Velocity Component

Inertial Nodal Regression Rate

Inertial Velocity

Inertial Flight Path Angle
Heading Azimuth
Magnitude of Radius Vector
Geocentric Latitude
Earth Fixed Longitude

Velocity at Orbital Insertion

Cut-off Velocity

Radius Magnitude at S-IVB Cutoff
Flight Path Angle at S-IVB Cutoff
Inclination of Targeted Orbit Plane
Angle Between Launch Pad Meridian and the

Target Plan Orbit
Earth-fixed Nodal Regression Rate
Flight Azimuth
Predicted Time of Guidance Release

H — Fixed-point half word

r — Fixed-poirt full word

E — Single-precmon (floating-point)
D — Double-precuion (floating-point)

X — Hexidecimal
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APP. PCHAPE

a. Symbol — PCHAPE
b. Program Name — Apogee And Perigee Radius Magnitude
c. Programming Group — Mission Planning
d. Programmer(s) — R. J. Barrett
e'. Language — Assembler
f. Data Tables Used — None
g. MED's Used — None
h. Writeup Completion Date — III1166
i. Parameter List — Table PCHAPE-1.
j. Flowchart — Figure PCHAPE-1.

FUNCTION

When given the radius and argument of latitude of three points spaced at
15-minute intervals, PCHAPE computes the apogee and perigee radius
magnitudes of the trajectory.

USAGE

a. Calling Sequence — CALL PCHAPE (DATA)
b. Inputs — DATA - Twenty double words (see parameter list).
c. Outputs and Exit — Radius at apogee and perigee (see parameter list)
d. Other Programs Used — DSIN, DCOS, DATAN2
e. Data Restrictions and Limits — None
f. Error — None

METHOD

The general equation for harmonic oscillatory motion about a point is:

A = X SIN (uu0 t + B) (D

where X is the amplitude, uu0t is the phase angle, B is the initial phase and

A is the instantaneous amplitude at time t, . . . .

Considering_the elliptic motion of a satellite to be harmonic oscillatory motion
about R, where R is the mean radius, the radius at any point is defined by
the equation:

R = R + XR sin (U-U0)
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where UQ is the argument of latitude for R, X is the amplitude of the

harmonic and U is the argument of latitude for R.

Three points (R , U ) , (R , U ) and (R~, U ) are needed to solve for

R X and U . (These three points should be at 15-minute intervals to provide
1 f(. O

random points on the orbit).

Upon solving three simultaneous equations, the unknowns may be
expressed as follows:

sinU - sinU - « (sinU - sinU )
U = tan" ' where

o cc (cosU - cosU ) - (cosU - cosU )

Rl - R2
o; =

Rl - R3

X^ = (R, - R,) / (sin(U, - U ) - sin(U, - U
.K. 1 j \ 1 o j (

R = (Rl -f R3) - X (sin(U1 - UQ) + sin(U3 - U )J /2

Therefore, since R in the mean radius and X in the amplitude, the apogee
R

and perigee radii may be defined by the following equations:

R = R + |XJ
apogee ' R

R . = R - |X_ |
perigee ' R1 ,

Note: X may be in the plus or minus annplitude direction hence |X I ^
R l -Kl
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QUEID —

From —

Purpose —

QNAME —

To-Task —

EP —

Byte
No.

1-8

9-16

17-24

25-32

33-40

41-48

49-56

57-64

65-136

137-160

Type*

D

D

D

D

D

D

D

D

F

D

Units

CUL

CUL

CUL

radians

radians

radians

CUL

CUL

Value / Description / Comments

R radius at point 1 - input

R radius at point 2 - input

R radius at point 3 - input

U argument of latitude at point 1 - input

U argument of latitude at point 2 - input

U argument of latitude at point 3 - input

RAP - radius at apogee - output

RPE - radius at perigee

Save area for PCHAPE

Temporary Storage

H — Fi«*d- | juinl h*lt wnr-1
F — F'ned-poinl ful l word

E — Single-preciiion (floating-point)
D — Duublr-preciiion (floating-point)
X — Hexiderimtl
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APP. PIPASVEL

a. Symbol — PIPASVEL
b. Program Name — Position or Velocity Computation Subroutine
c. Programming Group — Mission Planning
d. Programmer (s) — G. Deaton
e. Language — FORTRAN IV
f. Data Tables Used — None
g. MED's Used — None
h. Writeup Completion Date — 10/31/66
i. Flowchart — Figure PIPASVEL - 1.

FUNCTION

PIPASVEL . computes an inertial position vector or horizontal and radial
velocity components based on input Keplerian osculating elements.

USAGE

a. Calling Sequence — CALL POSVEL (A, B, C, D, E, SQRMU)
DIMENSION E (3). All are double words.

b. Inputs —
1. E (1) - indicator to compute position or velocity

E (1) = 0, compute position vector.
E (1) ^ 0, compute velocities.

2. SQRMU -\ftT
3. If E (1) = 0, (A, B, C, D) = (i, h, u, R).

If E (1) ^ 0, (A, B, C, D) = (a, e, f, R).
4. i - inclination in radians.
5. h - longitude of ascending node in radians.
6. U - argument of latitude in radians.
7. R - position magnitude in Earth radii (e. r. )
8. a - semimajor axis in e. r.
9. e - eccentricity

10. f - true anomaly in radians.
c. Outputs and Exit — E contains position vector components or velocity

components (E and E only) according to input option.

Exit is by RETURN statement.
d. Other Programs Used — Standard library subroutines
e. Data Restrictions and Limits — None
f. Error — None

Approval Approval
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METHOD

The position vector components are computed using the following formulae:

x = R (cos U cos h - sin U cos i sin h)
y = R (cos U sin h + sin U cos i cos h)
z = R s i n U s i n i

The horizontal and radial velocity components are, respectively:

Vx = V cos Y
Vy = V sin y

-1
where the flight-path angle Y = tan

and the velocity magnitude V = \ / | - i -5- - —
» t\. 3.

e sin f

2
R

1 -f e cos f

J_
a

1/2

•
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Figure PIPASVEL - 1.


