General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



« ‘v".“)-“’\‘l’”o
PO 5 AONSOSOO000
’ y |

5
f

e
.

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

N

o=

INTERNAL NOTE MSC - EG - 68 - Il

PROJECT APOLLO

- LS : a e e eee 2

) RS 2 )..\u 5 .‘.'" % C o ) \ \lllll.ltniuoooooooooooooo“o“o”o”o“c“-“o“o“ooo“o”o”o”o”o.
OO0 4 Y,\ 4 OS> % 2 s e n o e e s e e e e’ OO
AILF X o) }L ey * e m e e e n e e s et e et e e e e e e ettt
OO OO0 % AN BB I S E S8 e eSS OG0B0 C0CS S s s s o s e

; 1 J X e 2 % 6 U 0 6 % 5 0 0 5 0 0 0 00 00 00 4808
OOCHCOO0 O feanessesesesessscssses s s s s
SOOOGULR . w. .”.’*‘.""’ 5 l.o...loonooooooooooooooooo.oooooooooooooo-oocoo........
SO SGAGA ‘. K2 .’ L) O‘....‘..'...l.. l......'ltocouooooooocoooooooooo-ooooooo-oo.oo-”o”o“o“-”

APOLLO CSM RCS DAP PROPELLANT STUDIES

.

R

ey N A
[PFEaRL SRR

TEXAS

September 9, 1968

HOUSTON,

_ =
3 g3
T 80
o ) 3 - —
o <
m -
=
-~
@
Ol 2
-
D w
xX
> & |2
| o
s | 2
< v
ol .M
A~ M
T09 W04 ALND V4 ﬁ




INTERNAL 1 E MSC=-EG-08=11

PROJECT APULLO

APOLIO CSM RCS DAP PROPELLANT STUDIE

PREPARED BY

___Lé£Z£_j (2 //:AC /£_~4/'.___

Edward T. Kubiak

APPROVED BY

- ” (’\- P
‘A V' l\ . ﬁ}‘ L
Km.n th J. Co
Chief, Systems Analysis Branch

Rohert A Gelmncr
Chief, Guidance and Control Divi.ion

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
MANNED SPACECRAFT CENTER
HOUSTON, TEXAS

SEPTEMBER 9, 1968

— -~

Sen] AL R ot |




RCS propellant usage studies for the Apollo CSi{, primery control
system, have been made to update data used in propellant calculations,
and to determine the propellani penalty caused by inexact inertia
values in the (UMC. These results are presented and the digital simu-
lation used in the study is described. Briefly, the results indicate
that previously used RCS propellant consumption raute data was low for
single-axis automatic maneuvers, Also, it is shown that computer
velues of inertia in error hy more than 25 percent can cause a sizable
(20 percent or higher) propellant penalty for automatic maneuvers.

INTRODUCTION

This internal note presents PGNCS CS'[ RCS propellant usage data
resulting from two studies. The first study arose from a data request
(reference 1) requesting a verification and update of the PGNCS CSM RCS
propellant usage data found in the Mission Modular Data Book (MMDE).
The second study, concerning the propellant penalty caused by inaccu-
rate values of inertia in the CMC (RCS DAP), was prompted by a need to
know when to update mass property parameters (e.g., inertias) not
tracked automatically by the CMC (reference 2).

The simulator used in these studies will also be used in future
AGC studies and because of its importance as an engineering tool will
be described in some detail, It is called the Apollo Guidance Computer
Functional Simulator {AGCFS).

APCLIO GUIDANCE COMPUTER FUNCTIONAL SIMULATOR

Prior to the development of the AGCFS, the only high fidelity
Apollo digital control system simulation available was the AGC bit-by-bit
simulator. This simulator duplicates the actual flight computer charac-
teristics on a general purpose digital computer (CDC 3800) in a
bit-by-bit fashion, Coupled with a Fortran environments package, it is
used for flight program software validation. Although the bit-by-bit
simulator is a very accurate representation of the AGC, it is not a
practical engineering tool because: (1) It requires a large amcunt of
computer time to run (at best, 7 t¢ 1 computer to real time), (2) the
run initialization process is extrimely difficult, and (3) individual
parameters used in the AGC program are not very accessible for design
modification studies. The AGCFS, programmed by LEC/CAD, was designed
to overcome these drawbacks and still model the guidance and control
portions of the flight software as closely as possible. This was done
by coupling essentially the same environments programs used by the
bit-by-bit simulator, through MIT defined interfaces, with a series of
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segments s are

Fortran prograems that functionally duplicate
flight listing. These Fortran programs, called user
derived directly from the flight listing and are easily altered for
design modification studies. Included among them are the RCS DAP, the
TvC DAP, thz Entry DAP, the IM DAP, cross product steering, and their
many supporting routines., 2 more detailed description of the AGCFS,
suthored by its programmers, is given in reference 3,

At the time of this writing, most of these user segments were in
production status for SUNDISK and SUNDANCE, the first hard wired
Apollo flight programs for the CSM and 1M, respectively. Some are in
the checkout stage for subsequent flight progrems, COLOSSUS and
LUMINARY. Revisions to all flight programs are reflected in the user
segments as soon as practical,

The RCS DAP, coupled with its related steering routines (KALCMANU,
VECPOINT, et cetera) was used to generate the data in this note, 1In
making the runs for the MMDB VCI‘Lf‘.LC‘t.lOIl .)LU’J, only the SUNDISK ver-
sion of the RCS DAP was used as the COIOSSUS version had not yet
reached the production stage. However, 1t“01*h there were signifi-

cant programming changes in COLOSSUS, t%c basic design remained func-

tionally the same, and the COLOSSUS version should yield substantially
the same results.

MMDB DATA VERIFICATION

This section presents a comparison between the PGNCS RCS ple@l-

lant data in the MMDB and the corresponding data generated by the AGC
The MMDB data was derived theoretically and it is used for C¢lculutlng

RCS propellant budgets.

Comparison data was generated for single and 3-axis simulteneous

and two and four jet +X translations Y and Z

automatic maneuvers
ted in the

translation data, not covered in the MMDB, was also goner
study.

Three vehicle configurations were used, and the associated mass
properties are given in Table I.

Single-axis automatic maneuvers.- A series of single-axis auto-
matic maneuver runs were generated to compare AGCFS and MMDB propellant

The results ar= shown in Table II.

usage data,
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TABLE I. - MASS PROPERTIFES ‘

Vehicle X Y Z 11T " "
Configuration cg(in) cg(dn) | eg(in) | XX(s1-ft™) AV(sl-ft7)
(1) csM 985.1 -2,82 8.52 12,948 40, 747
23,145#
(2) csi 951.0 1.352 6.18 19,137 60,730
‘)h 314' 4
(3) csM-1M 10k2 2.78 | 4.96 53,574 523,588
r;r) ( /‘(_If ¢

TABLE II. - SINGLE-AXIS AUTOMATIC MANEUVERS

Vehicle Maneuver Maneuver o
Configuration (dng (deg/sec) _Prop. in Pounds |
(9,8, %) rate N AGCFS /DB
cSM 20, 0, O .2 33 .1 |
23,145# 20, 0, 0 5 234 oL
0, 20, O . . 254 L
O, 20) 0 05 0/13 .)4 |
csM 0, 20, 0 .2 .311 .3
3k, 3L57# 0, 20, O 5 753 .6
20, 0, O .2 ] . 266 .26
CSM-L“ 0, 20, O - 2.2 2.07
92, 000# 0, 20, 0 .5 6.27 5.4

Except for one probable bad data point (denoted by *), the AGCFS predicts
a somewhat higher propellant consumption. The end cof the maneuver as
defined in the AGCKFS runs was the time when the S/C had approximately
achieved a minimum impulse limit cycle; this may have included attltlonal
jet firings not considered in the MMDB data.

Three-axis Automatic Maneuvers. - The results of the 3-axis automatic

maneuver study is shown in Table III.
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TABLE III. - 3-AXIS AUTOMATIC MANEUVERS
Vehicle Maneuver Maneuver Prop. in Pounds
Configuratio: (deg) (deg/sec)
(7>.’-le' ) rate AGORS 1 MDR __|
(50,50,50) .2 158 -
CSM (50,50,50) N .863 -
23,1L5# (20,20,20) .2 RS 5
(20,20,20) ) . 751 9
50,50,50 2 b, 1l -
20,20, 2 ¥,
sM-IM  {(50,50,50) .5 9.35 -
92, 000# (20,20,20) 2 3.19 3.16
(20,20,20) 5 8.49 7.85

The MMDB data indicates a slightly higher propellant consumption for
the near empty CSM and predicts approximately the same propellant usage
P J g
for the heavy (full) CSM-IM.

X-Trensletions, - X-translations were performed for three vehicle
configurations with all three possible quad choices. Propellant con-
sumption data from these runs agreed well with the MMDB data as is illus-
trated in the Table below,

TABLE IV, -~ X-TRANSTATION PROPELLANT CONSUMPTION

10 FT/SEC AV

Vehicle Data Prop. in pPounds
Configuration Source AC BD AC & BL
CSM FS 28.6 30.62 28.42
_23,1k45# MDB | 27.8 * 27.5
CSM FS 39.78 -43,35 39.49
34, 345# MMDB 40.8 * 40.7
- CSM-IM FS 110.59 114,07 105.86
92, 000# MMDB Not given 110,

*MMDB data did not differentiate between AC and BD quads.
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approximately from the MIDB by adding to the MMDB X-translatic. data

v

Y and Z Translations.- Y and Z trunslation data can be obtained
s
i

the theoretical propellant required to null the distwbing torque intro-
2 3 - -
duced by the RCS thruster plane offset,

The formula for deriving this data is, ¥

. . ' , (4
Y or Z-translation poundage X=-translation X (1 + 7T )

where the term in the absolute value brackets is the ratio of disturbing
torque to restoring torque.

A comparison of the data generated in this manner with the data
derived from the AGCFS is given in Table V.

TABLY V, - Y AND Z TRANSLATIONS

10 FT/SEC AV

Vehicle Prop. in Pounds |
Conf'iguration | Data Source ,4._—__- v — e — -—‘--——-‘
CSM | AGCFs | L1.,56 | 38.83

23, 1454 MDB Derived |  36.0% 36,4,
CSM T Accrs | BB.B2 | L5.85
3l , 357 "MMDB Derived LL ,69 T L4569 |

The AGCFS indicates that this MMDB derived data is approximately
correct, but can be low by 15 percent.

EFFECT OF COMPUTER INERTIA VALUES

The RCS DAP uses inertia values in its angular rate estimating
scheme and its calculation of jet-on times. In COLOSSUS, these inertia
values are tracked automatically under PGNCS operation. However,
SUNDISK does not have this provision, and inertia values must be updated
either by the crew or the ground. The question arcse as to how much
inertia variation (caused by depletion of SPS propellant) could be tol-
erated by the RCS DAP before inertia updates became desirable, and
finally, mandatory. A study was made to give insight to the _uaestion,

The RCS DAP estimates the vehicles angular rate by digitally fil-
tering the change in CDU angles in a continuous fashion and accounting
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From this data, it was felt that an inertia update was desirable
screpancy of about +15 percent was suspected and mandatory for
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The AGCFS is a sophisticated simulator which can be used as an
acceptable progrem to study digital autopilot performance.
RCS propellant usa iata employed in compilation of RCS

1 in pi S propel-
lant budgets has been upgraded for Apollo CSM DAP,

CSM DAP performance, as regards RCS pro-

L

Sensitivity of the Apollo
pellant usage, to variations in the error between actual vehicle iner-
tia and the onboard conmputer estimate of vehicle inertia, has been
demonstrated.
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