
PERTURBATIONS 

BOOST MONITOR 
TLI 

LUNAR ORBIT 
LM DESCENT 
LM ASCENT 

TEI 
ENTRY



reo | Pea 
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“ DIRECTION OF ERROR IN 
‘ i | VELOCITY ERROR PERICYNTHION 

0 | (nmi/ft/s) 

acompensated | 
prices ey Bou | ERROR EXISTING AT TLI CUTOFF :50.0 GET) Ayogee Ereor 

| Along V 129.35 
| Along R x V 0.38 . Apogee enor | Mong Vx (Rx V) Tas 

: ERROR EXISTING AT MCC-1 (TLI + 9 hours) (11:98:50 GET) 

Ue paces Along V 83,63 
, m/s Along R x V 5.48 

Along ¥ x (R x ¥) ~9.38 

ERROR EXISTING AT MCC-2 (TLI+ 28 hours) (30:38:50 GET) 
’ 

/ | Along V 19.03 
40 = Along R x ¥ 4,74 

Along ¥ x (R x V) 6.99 

Porigee Error ERROR EXISTING AT MCC-3 (LOI - 22 hours) (52:28:38 GET) 

| Along V 9.70 
) Along R x V 2.78 

‘i Along ¥ x (R x Y) 3. 

* ERROR EXISTING AT MCC-4 (LOI - 5 hours) (69:28:38 GET) 

Gimbal ietizmment | Apogee Error | ‘Along V* 0.36 
Along R¥ x V* 0 

ipponrene 20 Along V+ x (R¥ x V¥) 2,86 
ae o * R and V are with respect to moon centered inertial system. 

1H, ye x (RE x VF) 

‘ Re x V* into rae 
abo ots tots 77 ash rt page all ae con | aoe 

en | 
“8 | 

| 
rd ; | 

# perigee Error i } Lunar Sphere of 

    

  Influence 34,759 nmi   
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0.0268 
0.0204 
0.0260 
0.0256 
0.0252 
0,0248 

APOLLO 16 LUNAR ORBIT PARAM YPICAL) 

PERILUNE (nmi) 

  

ANGLE OF ASCENDING NODES 
(degrees) 

   

  

  

    

  
‘Time from DOI (hours) 

  

  

-165.0 4 
-165.1 | 

ne -165,2 4 
“Ppt =165,3 ~~ “7 

x -165.4 
4 Sec eee tceeens tees Ce 0 tsp ae cose ao 

‘Time from DOI (hours) ‘Time from DOT (hours) 

eT rok INCLINATION ANGLE 
(degrees) 149,84 

149,82 
149,50 
149,78 

- < Serre aoe ee oS ee 
1 288 Os oie era ete 

‘Time from DOI (bows) "Time from DOT thowrs) 

ECCENTRICITY SEMDIAJOR AXIS 
(oni 

2 913,2 
| —Ft = x 973.1 

913.0 cma 
972.9 ID 

CSTs) | 20) tee) Cec emt Oz 

‘Time from DOI (hours) 

PRO 

EFFECT OF INSTRUMENT ERRORS ON 
LUNAR LANDING POSITION 

  

  

  

    

APOLLO 16 

INSTRUMENT CROSS-RANGE DOWN RANGE 
BRROR ERROR ERROR 

(tt) (#t) 

PIPA BIAS (cm/sec”) 
x 0 -178 

se ~2985 0 
Z O 2984, 

IMU MISALIGNMENTS (mrad. ) 
About X TT O 

SM 
About Yous 0 ~86 

About Zo, he 0 

GYRO DRIFT (meru)* 
NBDX 10.4 ° 
NBDY ° 93.2 
NBDZ 2.8 0       

  
* Gyro drift was assumed to start at ignition. 
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Pasa ross 

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

DUE 10 VELOCTIY BRRORS DURING TRANGEARTH COAST 

LM INSERTION ORBIT TRUE ANOMALY ERRORS DUE TO DIRECTION ERROR SRT ERC HT ERO 
UNCOMPENSATED PIPA BIAS oF VACUUK ‘TRE oF VELOCKTY FLIGHT PATE 

APOLLO 16 VELocrnY PERIGEE ARRIVAL AT ET ANGIE AD EL ! ERROR (amiZit/s) (e/it/s) ift/s/tt/e) (dogrees/tt/s) 
‘True Anomaly Error (deg) ERROR EXISTING AT TEI CUIOFF (222:2%:03,3 GET) 

= Mo Bz 
Ag ‘long VF 22.89) =96.95 28h =1,95 

‘Along Re x ve 2.04 10,00 ~0.05 o.14 
‘long We x TRE x Ve) Sri nee 0.05 49 
TBRROR EXISTING AT MCG-5 (BI + 17 hore) (299:23:03,3 GET) 
‘lone ¥ 1.07 =21, 60 0.08 0.12 
‘Along Bx v 0.08 1.85; 0.02 0.05 
Along V x (R x ¥) 9.97 30.90 ~0,04 0.72 

Nominal Orbit HRROR BKISTING AT MCC-6 (BI ~ 22 howre) (268:22:45.4 GET) 
Mong V 1,24 =5, 26 0.23 0.09 

+ 100 ‘Along Rx ¥ 0,02 0,05 0.02 ° 
Along ¥ x (R x ¥) 5.93 14,85 0,01 0.41 

HRROR EXISTING AT MOC-~7 (BI - 3 hows)  (287:22:45.4 @ 
‘Along ¥ 0,50 0.30 0.51 0.04 

+L 80 Along Rx ¥ ° ° 0 
Along Vx (Rx ¥) 1.48 2455 0.01 0,10 

Rand Y are with xespect to moon centered inertial systen 

Yx (xy) 
-L 60 x t Iunar Sphere of Influence 

mi Typical Perturbed QC 
Orbit ACBX © -4em/s? RY Moon 

| Barth! ao) 
| ox ve a eee [oe oe oe 

Velocity Error Ye x (Re x ve) 
Direction 

ACB 

-L 20 

Pome aoe eopnieett ACB (em/s”) 
ef foes  Ha ae a aan ae HG 

+20 

{40    



Pets 

TYPICAL LUNAR RETURN ENTRY POSITION ERROR SENSITIVITIES 
AT GUIDANCE TERMINATION 

  

  

  

  

  

  

  

        

(OMINAL 1, 250 NMI ENTRY| 
ERROR SOURCE Downrange | Crossrange 

(e) Error Error 
(nmi/e) (nmi/e) 

GYRO BIAS NBDX 0.0 ~0.17 

ae Npby|  -0.12 0.0 (meru) 
NBDZ 0.0 0.43 

ACCELEROMETER] ACBX -4.49 0.0 
Bue ACBY 0.0 4.65 

(cm/sec?) Z e 
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 EI. 

3, Assumed IMU orientation such that at EI: 

Zgu = - Unit (R) 

You = -Unit (Rx ¥) 

Xsm = ¥sm* Zs 
4, Crossrange-downrange definition: 

North / 

   

  

Crossrange 

East 

Nominal 1, 250 Nautical Miles Entry


