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PB-3

ERRORS IN FERICYNTHION
DUE TO VELOCITY ERRCRS DURING TRANSLUNAR COAST

DIRECTION OF ERROR IN
VELOCITY ERRCR PERICYNTHION
(nmi/ft/s)
ERROR EXISTING AT TLI CUTOFF (2:38:50. 0 GET)
Mong V 129,35
AMong R x ¥V 0.38
Mong Vx TR x V) 4,10
ERROR EXISTING AT MCC-1 (TLI + 9 hours) (11:38:50 GET)
AMong V 33,63
Along R x V 5,48
Along T x TR x V) -9, 38

ERROR EXISTING AT MCC-2 (TLI +

28 hours) (30:38:50 GET)

Along V 19,03
Along R x V 4,74
Mong ¥ x (R x V) 6,99
ERROR EXISTING AT MCC-3 (LOI - 22 hours) (52:28:38 GET)
Along V 9.70
Along R x V 2,73
Along ¥ x (R x V) -3.33

ERROR EXISTING AT MCC-4 (ILOI - 5

hours) (69:28:38 GET)

Along V*
Along B* x V*
Along ¥ x TR* x V*)

0.36
0
2,86

* R and V are with respect to moon centered inertial system.

R x V out of
page

Earth

V* x (E* x E*)

1 2

R* x V% into
Page

Moon

Lunar Sphere of
Influence 34, 759 nmi
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APOLLO 16 LUNAR ORBIT PARAMETERS (TYPICAL)

PERILUNE inmi)
1 \""--\_\_\_‘"
1 =
1 & fDI
i el T '|—|
i 10 15 20 25
Time from DO (hours)
il APOLUNE (nmi)
._'./"
s PDI
=
B G il T T 1
] i 10 15 20 25
Time from DOL (hours)
ECCENTRICETY
- >
i
| // 1
&l /_/” P
- ﬂ/
- e i ; ;
L] il 10 15 20 25

Time from DOI (hours)

ANGLE OF ASCENDING NODES

{degrecs)
=165,0
-165.1 e
| I,__,’
~165, /’/‘ POL
_1B5,5 =
=165,
= = . S
10 15 20 25
Time from DOT (hours)
INCLINATION ANGLE
(degrees)
149,84 |
—
149, 52 o
Bl ’./ 4
148,50 | _'__,-"" PDI
149,78 | oy
VA0 | G2 S e S
0 i 10 15 20 25
Time from DOT thours)
SEMIMAJOR AXIS
(nmi}
973,28 |
9731
973,0 o
9729 Lok
r euEeD T T T T 1
0 5 10 16 20 25

Time from DO (hours)

EFFECT OF INSTRUMENT ERRORS ON

LUNAR LANDING PCSITION

APOLLO 16
INSTRUMENT CROSS~RANGE DOWN RANGE
ERRCR ERRCR ERROR
(ft) (£t)
2

PIPA BIAS (cm/sec”)

X 0 -178

Y -2985 0

7 0 =298k
IMU MISALIGNMENTS (mrad.)

About X T 0

SM

About YSM 0 -86

About Z, 4o 0
GYRO DRIFT (meru)#*

NBDX 10.4 0

NRDY 0 3.2

WBDZ 2.8 0

* Gyro drift was assumed to start at ignition.
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PB-12 LR

ERRORS AT THE ENTRY INTERFACE (400,000 FT. ALT.)

DUE TO VELOCITY ERRORS DURING TRANSEARTH COAST

LM INSERTION ORBIT TRUE ANOMALY ERRORS DUE TO [ DIRECTICN ERROR IN ERAROR I ERROR IN ERHOR I
UNCOMPENSATED PIPA BIAS oF VACU TIME OF VELOCITY FLIGHT PATH
APOLLO 16 VELCCETY PERIGEE ARRIVAL AT ET ANGIE AT EI
: ERRCR (nmi/ft/s) (8/1t/5) (ft/s/ft/s) (degrees/ft/s)

True Anomaly Error (deg)

ERRCR EXISTING AT TEI CUTOFF (222:23:03,3 GET)
—— 140

ACBZ

Along ¥ -22,89 -96,95 2,84 -1,95
Along R* x ¥* 2,04 10,00 =0.05 0,14
Along ¥* x TR* x ¥¥) -7.02 0,75 0,05 -0, 49

FRRCR EXISTING AT MCC-5 (TEI + 17 hours) (238:23:03,3 GET)

= . Along V 1.67 =21, 60 0,05 0.12
Along R = V 0,68 1.85 0,02 0,05
Aong 7 x TR x ¥) 9,97 10,90 ~0,04 0.72
Nominal Orbit ERROR EXISTING AT MCC-6 (EI - 22 hours) (268:22:45,4 GET)
Mong V 1.24 =5, 25 0.23 0,08
i Aong Rx ¥ 0,02 0,05 0,02 0
Along ¥V x TR x ¥) 5,903 14.85 0,01 0,41
ERROR EXISTING AT MCC-7 (EI - 3 hours) (2B7:22:45.4 GET)
Aong V 0, a0 0,30 0,51 0,04
L Along R % V 0 0
Mlong ¥ x TR x ) 1.48 2,55 0,01 0,10

* jif and ¥ are with respsct to moon centered inertial system

¥

,zx@xz)

Lunar Sphere of Influence

3,759 nmi

Typieal Perturbed

Orbit ACBX ® -4 cm/s” B RXy outor R¥ Moon
. Barth e
l "
r Definition of ?ﬁ* X V¥ into page
Velocity Error VE x (E* % E*)
Direction
ACBX
5 = Fel S i ACB {cm/s2)
L 1 s L |
_________._.---""""'_ ! T T T T
3 4 5




FB-14

TYPICAL LUNAR RETURN ENTRY POSITION ERROR SENSITIVITIES
AT GUIDANCE TERMINATION

INOMINAL 1,250 NMI ENTRY|
ERROR SOURCE Downrange | Crossrange

(€) Error Error

(nmi/e) (nmi/e)

GYRO BIAS NBDX 0.0 =0.17
DR NBDY|  -0.12 0.0

(meru)

NBDZ 0.0 =0, 43

ACCELEROMETER| ACBX -4,49 0.0
BIAS

ACBY . 5

(cm/sec?) Lo 4. 65
ACBZ ~1,45 0.0

NOTES: 1. Assumed accelerometer operation 15 minutes prior to EI (altitude of
400, 000 feet).

2, Assumed IMU drift from 1. 5 hours prior to EL
3. Assumed IMU orientation such that at EI:

Zgy = - Unit (R)

Yo = -Unit (Rx V)

Xsm = You* Zsy
4, Crossrange-downrange definition:

North /

&

Crossrange 3
i’ G-
e \ East
s/
&/
//
£/
)

Nominal 1, 250 Nautical Miles Entry



