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The attached Tables and Flow Charts are being provided to you for

inclusion with other information for the Preliminary Release of Flight

Program 8. These Flow Charts will be modified slightly to conform to

the format previously used for the LM AGS Programmed Equations Documents.

They will be incorporated into the Programmed Equations Document for
Flight Program 8.

The contents of these Flow Charts do accurately represent the
equations as they presently exist in the Flight Program 8 - LM AGS FP8

SOS 4039 assembly dated 18 December 1970.

Approved:
I'enk, Manager^

is Analysis & Software Dept.

CGG:pw

Attachment



71:7252.9-2
5 January 1971
Page 2

Distribution:

TRW/HO TRW/LA

D. Aldridge T. Bettwy
G. Arbuthnot H. Kienberger
K. Baker T. Layton
C. Clark C. Mabee
F. Evans W. Mason
M. Fox P. Melancon (3)
Joe Green R. G. Smith
R. Harwood
J. Hill
J. Kastelein TRW/FLA
W. Klenk
N. Laurence J. Thomas
W. Marley B. Warren
E. Mellon
J. Merriwether
R. Murphy
D. Phillips
L. Railing
P. Richard
C. Skillern
H. Widdifield
T. Wu



FP-8 NEW VARIABLE DEFINITIONS

S,, = 0 No automatic RR from PGNCS downlink

= 1 Automatic RR from PGNCS downlink

6.. = 0 PGNCS downlink good discrete (6 ) not yet reset since
last update

= 1 6.g already reset since last update

&.f- = 0 range update next

= 1 range rate update next

6.gbit 0 = 0 low range scaling

bit 0 = 1 high range scaling

bit 1-14
set good PGNCS downlink data received (01111111111110)

bit 1-14
reset Downlink data reset flag from PGNCS (10000000000000)

K,i Angle scaling factor

KI? Range measurement scaling factor

K 3̂ Range rate measurement scaling factor

K,, Range rate measurement bias factor

1C Noise term for covariance diagonal

Rm Range

R range rate

ID PGNCS downlink identification word

ID, ID for PGNCS Rendezvous and Prethrust list (077775J
o

ID2 ID for PGNCS State Vector Transfer list (077776g)

3R Radar shaft angle from PGNCS downlink

eR Radar trunnion angle from PGNCS downlink

vug Counter showing number of range and range rate marks
taken since last filter initialization

7K1 Constant used to bias Tig for V~ computation in EXT.
AV mode

PRELIMINARY
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STAGING RECOGNITION
H. R E M O V E L U N A R
S U R F A C E SIGNAL

TVTG
INPUT & UPDATE
STATUS OF CES
DISCRETES p

i = 1, . . . . 6

1

V r V ,. i .W 1 AVllj <jj J JI11-1
AV . = V . - V

gj K) dj
Ex . Ey - K7 , 0

(j = X, Y, 7.)
FOLLOW-UP AUTOMATIC

ASCENT
ENGINE ^ „ \ 0

L _tl J

ABORT
iSTAGE

[ALIGN OR
ALIBRATE

*X RESET /

RESET configuration is

SET configuration is

OUTPUT 7.ERO
A T T I T U D E EHKOH
S I G N A L S

- 0



IY

sici-*

bits 1 through 14 defined as (10000000000000)

bits 1 through 14 defined as (Oinimmno)

40-msec A t t i t u d e
Error Computations
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DEDA DISC" R E 1 I.
SAMPLING R O U T I N E
SEE FIG. B. t,
D I S C R E T E WO1UJ TWO

GSE S E R V I C E
R O U T I N E IE
R E Q U I R E D

NOC
, r

E i : 7 [' "

«, • i [• •
f : , 3 i < a , , -

I i i i ;"|

(• , , + »U * « 1 3 ) J

( a 3 i * aL •* a^0
i , 4 a l ' a ^ 4 - l ^ H 1

I J

Engine: Disc re te Logic; Direct ion Cosine
Normality and Orthogonality Computations

PRELIMINARY



SAVE V FOll ORBIT

I N S E R T I O N EQUATIONS

LM Orbit Parameters

PRELIMINARY

-i/y, 2b\
"" v~~ 7~
- \-l -hi

B R A N C H C O N T R O L
= G U I D A N C E MODE



RADAR FILTER

R = rc -

R = | R |

U • 1. 1 • J
(i,j = 1,2,3,4)

R

R

a

j

= R/R

= R

,5 ,25
r = J + J

r = rU1

*DOUBLE PRECISION COMPUTATION

PRELIMINARY



C =

= 16a,

'32 ' *41

= 0

= 16c

= 16

MXM

MATRIX MULTIPLY SUBRO

P, *, C, 4, 4, 4

MATRIX MULTIPLY SUBRO

C, *, P, 4, 4, 4

I

(i = j = 1, 2, 3, 4)

I
BRANCH CONTROL

= FLTRC

RR FILTER (Cont'd)

BRANCH CONTROL

= ORBIT 1

PRELIMINARY



RESET OVERFLOW IND.

SHIFT P.,(i,j = 1,2,3,4) AND
' J

R2Kg* LEFT 2 NON-PERMANENTLY.

SET SHIFT TO LEFT SHIFT 1

RR FILTER (Cont'd) 8

RZKf
,,6*

in n,/\ SET

ID.

RESET

1,2,3,4) AND

-PERMANENTLY.

NON-PERMANENTLY.

(FLOW Ŝ.
ID. /S

LRESET

SET S

^ RIGHT

HI FT TO

SHIFT 1

H19 = 0,

Pij = °
Pll = P2;
,,6* ,,6

SHIFT P^ (i,j = 1,2,3,4), K

K6*, K^*, ACCORDING TO SHIFT,

PERMANENTLY.

0, 645 = 0 , S17 = 0

(i,j = 1, 2, 3, 4)

u i/6*_ 1/6 .,6* . ,,6
g, Kg - Kg, I^Q - K]

6*

PRELIMINARY



RR FILTER (Cont'd)

= J17 - R*,

M

12

13

- ( R a 3 3 b D - R ) / R

a31bD' M14 =: a 33bD

= K

'2J

8 > 2 2 ' 1 2
0,(j = 1, 2, 3, 4)

MXM

MATRIX MULTIPLY SUBRO

P, M, C, 4, 4, 2

MATRIX MULTIPLY SUBRO

C, M, Q, 2, 4, 2

n
D12 == D21 *
A = DnD22

R** =

Ar3 =

ry = »

Mij =

M ^ -
11

Nn =

N22 =

N 1 2 -

P19 =

J Z

D**KY

\ +

o (i
MM22
K6*K10

K6*K10

,RXR

y!9

b' Arl
~ KY j

K6 ArK5 Ar,

= 1 »
_ i

a31bD

a2
a33bD
.6*

r9 '
+1000

** *: Rx " Rx
Ar0 = Ri* - R?2 Z Z

! > VY = VY " 6 lf3

2; j = 1, 2, 3, 4)

+ R£ c
2 6*

+ R X K 9
K6* - K6
K6 K6

PREUMINARY



MXM

RR FILTER (Cont'd) 10

MATRIX MULTIPLY SUBRO

D, C, BT, 2, 2, 4

NOTE: B 1 INDICATES B IS STORED TRANSPOSED

B. . = BIJ/A

(1 = 1, 2, 3, 4; j = 1, 2)

rX = rX ' BllArl - B12Ar2
rz = rz - B^ - B22Ar2

VX = VX - B31Arl - B32Ar2

MXM i
MATRIX MULTIPLY SUBRO

BT, C, D, 4, 2, 4

P. . = P. . - D..
ij U U
(i,j = l,2, 3, 4)

J18 = 0

PRELIMINARY



MATRIX MULTIPLY SUBROUTINE 11

BRANCH CONTROL
= MXMR

i = 0

j =

CALLING SEQUENCE : A, B, C, /, m> n
COMPUTES:

•HI-*- «-/•»• -HTH-

tr i f r i T r i +T
/ C = m A B n^L J +L J L J ̂

PRELIMINARY



C-i

DOUBIX PRECISION COMPUTATION

Guidance-. Se lec t ion L<ogic,

PRELIMINARY



DXFR13

JL -

11 • L

y, • JL

,?
,28

° £ ° L O S < 7

EKANCH CONTROL

Branch

Control - XDV

? w

- J3

L

/ t . '
-\l i \

6 *= Ion / — 1

0 f 0, < 2r
1

T. = T. - T,1 1 {

TRANSFORM C, TO IT

[CU!Wa.i N'I ;N T!J,[

CSMTIr

13

ELPRD
(ELLIPSE PREDICTOR)
INPUT: _LI. VE, T.

OUTPUT: rT , V.

BRANCH CONTROL
= TRANSKR V C C T O V S

Central Am;lc-/L,inc of Si^hl A7ii;lc Calcvi lot ion/CSW

Predic tor /EXTERNAL AV ROUTINE



14

= A v -
V G =

Double Precision Computation

PRELIMINARY



15

DOUBLE PMCISION COMPUTATION

CDH3

"J* ONf-HALF OF THE LOWER
LIMIT OF THE APCHUNE
«ADIUS<RAM|N).

J?'VM-%

MANCH CONTKOl
•CDH4

Computations of Vg Components for CSI, CDH, and OI

PRELIMINARY
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I

r
i

TRANSFER
VECTORS

BRANCH CONTROL
= CSICDH

J*,., 6 10 = 0

B R A N C H
C O N T R O L =
P ITERATORn

J
NOTE: y j , yc A K K
THE COMPONENTS
ALONG THE y INERTIAL
AXIS OE \Vj .-\i\J3 Uc .
RESPECTIVELY

P r o d i c t i o n of T r a n s f e r Orbi l Vec to r s
and C e n t r a l Angle Sine and Cosine

PRELIMINARY



PRELIMINARY
17

r
V = 1 V 1 *

LH

V - K'VF Kl

)
to1

:

^37 J

[

^id = qi - j5

DOUBLE
PRECISION
C O M P U T A T I O N

Tot;il V i - l o t - i l y for TIM



S T E E R

snu
18

LIMIT It

V * V /

Q7

-^r
r p y , + SGN

OX ~G " ~k>

V * V Y

VjX * VGX * VDX

VpY " VGY * VDY

V
BZ * VG2 * VDZ

""V"'"''"-'"'"1'

-0
iO

6?ANfH

CO-.I--CI
I Pit

Pilch and Yaw Steering Equations and
Velocity-to-be-Gaincd Equations

PRELIMINARY



BRANCH CONTROL
= NAVIP

E X K M l

*This provides program protection against a DEDA entry into
BRANCH CONTROL and Downlink stop address.



"!,•
K 1

K 1

S.WX

s,vz-

K1 + K1 S W
19 34 X

..1 ..1 .
21 36 Y

K' « K1 S -V

= 0, S-iVy = 0,

0

Tlic E x e c u t i v e B r a n c h ,

B r a n c h 50

ARY


