
UNITED STATES GOVERNMENT 

Memorandum 
: See list below 

mu Rtmf csmi 
> COPY 

2 5 JUL 1358 

from : FM/Mission Planning and Analysis Division 
68-EM61-230 

subject: Transmittal of detailed programming requirements 

The enclosed changes to MSC Internal Note No. 68-FM-23 present additional 
detailed requirements for the real-time computer program to he employed 
in support of the Apollo missions beginning with the lunar landing mission. 
The changes are necessary for the computation of two additional maneuver 
sequences. These change sheets should be inserted into MSC Internal Note 
No. 68-FM-23. 

Chief, Mission Planning 
and Analysis Division 

The Flight Software Branch concurs with the above recommendation. 

7 ?" P-Jp^^ 
James C. Stokes, Jr., Chief 
Flight Software Branch 

Enclosure 

Addressees: 
IBM/J. Bednarcyk (5) 

H. Norman 
R. Sogard 
J. Stein 
A. Anicetti 
S. James 

FS/L. Dunseith 
J. Stokes (3) 
L. Dungan 

FC/C. Charlesworth 

FM/J. P. Mayer 
H. W. Tindall, Jr. 
C. R. Huss 
D. H. Owen, Jr. 
R. P. Parten 
Branch Chiefs 

FM5/R. Ernull 

See attached list 

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan 



cc: 
Bellcomm/V. Mummert 
IBM Library 
TRW Library (4) 
TRW/B. J. Gordon (7) 
BM6/Technical Library (2) 
CF24/P. C. Kramer 
CR34/J. B. Jones 
E&/D. C. Cheatham 

R. G. Chilton 
R. A. Gardiner 

KA/R. F. Thompson (2) 
KM/W. B. Evans 
PA/G. M. Low 
PD/O. W. Maynard 

A. Cohen 
K. Nelson 
R. V. Battey 

PD8/J. P. Loftus, Jr. 
PD12/R. J. Ward 
FA/C. C. Kraft, Jr. 

S. A. Sjoberg 
R. Rose 

FC/J. D. Hodge 
M. P. Frank 
G. Lunney 
P. Shaffer 
J. Bostick 
S. Davis 
S. Bales 

FS5/R. Reynolds 
L. Hall 

FM12/E. B. Patterson (15) 
FM16/M. A. Goodwin 
FM5/Mission Analysis Branch (5) 
FM6/0rbital Mission Analysis Branch (6) 

ECL:fc 



CHANGE HISTORY FOR 68-FM-23 

Change no Description 

7/15/68 Replace pages 3, 7, 12, 21, 27, Vf 
and 58 and add pages k2A, U2B, 62A, and 
62B. The revised pages satisfy an 
additional RTCC requirement specified 
by the Flight Control Division; i.e., 
that a sequence be included that computes 
a combination circularization and plane 
change maneuver at a specified altitude 
or an input time. 
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CHANGE SHEET 

FOR 

MSC INTERNAL NOTE 68-FM-23 DATED JANUARY 26, 1968 

LOGIC AND EQUATIONS FOR THE REAL-TIME COMPUTATION 

OF THE LUNAR MODULE DESCENT PLANNING TABLE 

By William A. Sullivan 

Change 1 

July 15, 1968 

.Edgar/C. Lineberry, Chief^ 
Orbital Mission Analysis Branch 

Page 1 of 10 
(with enclosures) 

NOTE: A hlack bar in the margin indicated the area of change. 

After the attached enclosure, which is a replacement, has been 
inserted, place this CHANGE SHEET between the cover and title page 
end write on the cover "CHANGE 1 inserted". 
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Mode Maneuver Sequence 

1 2 3 b 5 

1 1 ■ PC PCC ASP PCC PCC 

2 DOI DOI CIA DOI DOI 

3 - - DOI 

2 1 ASH CIR 

2 DOI DOI - 

3 1 ASH - - 

2 CIA - “ 

3 DOI - ~ - - 

b 1 DOI - - - 

5 1 PC HOI HOI 

2 HOI PC HO 2 

3 HO 2 HO 2 PC - 

k DOI DOI DOI 

6 Go to powered descent “ 

7 1 PPC iz — “ 

These maneuver sequences are designed to give the flight controller 
the ability to correct a non-nominal CSM orbit after lunar orbit inser¬ 
tion and to place the CSM orbital plane over the LM landing site before 
LM lift-off. The LDPP has the capability to compute maneuvers to change 
the apocynthion and pericynthion heights, shift the line-of-apsides and 
place the CSM orbital plane over a desired landing site with or without 
an azimuth being specified. The processor also computes a LM DOI.maneuver 
based on a desired landing site position. To compute these maneuvers the 
LDPP assumes that the vehicles are docked for all maneuvers prior to DOI 
and are undocked for DOI and all following maneuvers. 
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When computing in modes 1 through 5, the flight controller is given 
the option of simulating powered descent; in mode 6, however, only a 
powered descent simulation is available. Mode 7 Is used to compute a 
maneuver to place the CSM orbital plane over the IM landing site at 

the time of IM lift-off. To compute these maneuvers, the LDPP calls 
three specialized subroutines. The subroutines are SAC (spacecraft 
apsis and circularization), CHAPLA (change spacecraft plane), and LLTPR 
(lunar landing time prediction routine). Flow charts for the IDHP, SAC, 
CHAPLA, and LLTPR are presented in appendices A, B, C, and D, respectively 
After all computation is completed in the LDPP, the IM descent planning 
table (LDPT) is then displayed. The LDPT displays maneuvers and descent 
trajectory parameters. From these displayed quantities the flight 
controller can decide whether or not the total maneuver plan is acceptable 
If the plan is acceptable, the flight controller can transfer it to the 
mission plan table where it becomes an integral part of the over-all 

mission plan. 

Subroutine SAC computes a maneuver to shift the line-of-apsides and 
change apocynthion and pericynthion height or circularize the CSM orbit. 

Subroutine CHAPLA computes a maneuver to place the CSM orbital track 
over a desired landing site with or without a specified azimuth. 

Subroutine LLTPR (ref. 2) computes the time of the DOI maneuver based 
on a desired landing site and a CSM vector before the maneuver. 

The LDPP uses the lunar satellite analytic ephemeris generator, 
IBAEG, (ref. 3) for vehicle ephemeris prediction and IM descent guidance 
equations of reference 3 for powered descent simulation. Several other 
special purpose trajectory subroutines are called. These are APPLY 
(ref. 4), CNODE (ref. 5), STAP, STLO, STCIR (ref. 6), TIMA (ref. 7), 
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SYMBOIS FOR LDPP FLOW CHART 

Jt 

®moon 

ce 

IDO 

Input Constants 

3.141592.•• 

lunar gravitational potential 

mean lunar radius 

angular iteration tolerance 

time iteration tolerance 

average acceleration of gravity 

Input Variables 

maneuver routine flag; if 

MODE «= 1, compute CSM phase change sequence 

MODE = 2, compute single CSM maneuver sequence 

MODE = 3, compute double CSM maneuver sequence 

MODE = 4, compute IM maneuver sequence 

MODE = 5, compute double Hohmann plane change CSM 
maneuver sequence 

MODE = 6, compute IM powered-descent trajectory 

MODE = 7, compute CSM prelaunch plane-change maneuver 
sequence 

maneuver sequence flag; when 

IDO = -1, 

IDO = 0, 

IDO 2, 

compute plane-change maneuver only 

compute plane change and circularization 
maneuver 

compute plane-change maneuver combined 
with the first maneuver of a CSM two-maneuver 
sequence to circularize the CSM orbit at 
an input altitude. 

compute plane change and circularization maneuver 
at a specific altitude 

compute plane change and circularization maneuver 

at an input time 

MODE = 2 and 
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IDO = 0, compute CSM maneuver to establish an 
apsis and an input altitude at the DOI 
maneuver point 

IDO = 1, compute CSM maneuver to circularize orbit 
at an input altitude 

MODE = 3 and 

IDO - -1, compute CSM two-maneuver sequence with 
the first maneuver performed at an input 
time and the second maneuver performed at 
an input altitude to circularize the orbit 

IDO = 1, compute CSM two-maneuver sequence with the first 
maneuver performed at an apsis and the second 
maneuver performed at an input altitude to cir¬ 
cularize the orbit 

MODE = 5 and 

IDO 0, 

compute CSM three-maneuver sequence so that 
the first maneuver is a plane change and the 
following pair is a double Hohmann to a 
circular orbit at an input altitude 

compute CSM three-maneuver sequence so that 
the first maneuver initiates a double Hohmann, 
the second is a plane change, and the third 
completes the double Hohmann to a circular 
orbit at an input altitude, 

compute CSM three-maneuver sequence so that 
the first two maneuvers constitute a double 
Hohmann to a circular orbit at an input 
altitude and the third is a plane change. 

powered-descent simulation flag 

IED =0, simulate powered descent 

IED = 1, do not simulate powered descent 

descent azimuth flag 

IAZ = 0, descent azimuth is not specified 

IAZ = X> descent azimuth is specified 

powered-descent time flag 

Ijpp = let powered descent compute time to ignite 

IjPD = input time for f>owered-descent ignition 
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