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SPACECRAFT DEVELOPMENT FLIGHT CATEGORIES
MAJOR STEPS TO ULTIMATE MISSION

BP 6 - PAD ABORT

BP 12 - TRANSONIC ABORT
BP 13 - BOOSTER

BP 15 - BOOSTER

BP 22 - HI ALTITUDE ABORT

LUNAR LANDING +—— FINAL

BP 23 - HI Q ABORT !
BP 23A- PAD ABORT LUNAR ORBIT «—— COMPLETE (;gnglgg)
SC 002-TUMBLING ABORT e EReURSE 9

SC 009-SUB-ORBITAL m(:ou -3
L=</ | EARTH ORBITS WITH LEM «—— MULTI-VEHICLE lanned )
INTEGRATION__[A1-1_(Unmanned)

% @ EARTH ORBITS ¢—— PARAMETER & STATISTICAL SC 017 - SC 020
= SC 101 (Manned)

N
' % @ SUBORBIT4——1ST INTEGRATED SC SYSTEMS EXPOSURE SC 011

x \ BOOSTER-SC COMPATIBILITY

\ ABORT & RECOVERY «———CREW SAFETY
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THE APOLLO GUIDANCE AND NAVIGATION SYSTEM IS COM-
POSED OF THREE BASIC SUBSYSTEMS: INERTIAL, OPTICAL
AND COMPUTER.

1. The inertial guidance subsystem is composed of inertial
measurement unit (IMU) and associated equipment. This
subsystem performs three major functions: (A) Measures
changes in spacecraft attitude; (B) Measures spacecraft
velocity due to thrust; and (C) Assists in generating steer-
ing signals.

2. The optical navigation subsystem is composed of a space
sextant and a scanning telescope. Sightings on celestial
bodies and landmarks on the moon and earth are used by
the computer subsystem to determine the spacecraft's
position and velocity and to align the inertial reference
within the IMU.

3. The command module computer (CMC) provides five major
functions: (A) Calculates steering signals and engine
discretes necessary to keep the spacecraft on the required
trajectory; (B) Positions the stable member in the IMU to
a coordinate system defined by precise optical measure-
ments; (C) Positions the optical unit to celectial objects;
(D) Conducts limited malfunction isolation of the G&N
system by monitoring the level and rate of system signals;
and (E) Supplies pertinent spacecraft condition information
to the display and control panel.
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L/M GUIDANCE AND NAVIGATION EQUIPMENT
LOCATION AND DESCRIPTION

LGC
PSA COU PTA IMU NB AOT RR ANTENNA

INERTIAL MEASUREMENT UNIT (IMU) and associated equipment performs three major
functions: (A) Measures changes in LM ottitude, (B) Assists in generating steering
commands, and (C) Measures LM velocity changes due to thrust. This unit manufactured
by AC Electronics.

ALIGNMENT OPTICAL TELESCOPE (AOT) - Provides star sighting data which is
manually inserted into the LM Guidance Computer for establishing the inertial reference.
This unit manufactured by Kollsman Instrument Company.

NAVIGATION BASE (NAV BASE) - Provides an accurate mounting base for the Alignment
DSKY, AND Optical Telescope (AOT) and the Inertial Measurement Unit. This unit manufactured by
OTHER DISPLAYS AC Electronics.

e
AND CONTROLS

LM GUIDANCE COMPUTER. (LGC) - Performs four major functions: (A) Calculates
ASCENT ENGINE steering signals and engine discretes necessary to keep the LM on the required trajectory.
£ ENG (B) Positions the stable member in the IMU to a coordinate system defined by precise
- e optical measurements, (C) Conducts limited malfunction isolation of the PGNCS by
monitoring the level and rate of system signals, and (D) Supplies pertinent LM condition
il information to the display and control panels. This unit manufactured by Raytheon.

ASCENT
STAGE

DESCENT
STAGE
the operator and the LGC and the following functions may be performed: (A) Loading of
data into the LGC, (B) Display of data and system configuration to the operator. This

P unit manufactured by Raytheon.

D DISPLAY AND KEYBOARD (DSKY) - Provides a two-way communication link between
S

FXLAIS COUPLING DATA UNIT (CDU) - The CDU, an all-electronic device, is used as an inter-
face element between the following: (A) The inertial subsystem and computer subsystem,
(B) and the computer subsystem and the controls. This unit functions primarily as an
analog to digital or digital to analog converter. This unit menufactured by AC.
DESCENT  +Y AXIS +Z AXIS

N
ENCINE LEM AXES |



APOLLO 9 MISSION DESCRIPTION

| MANNED PRIME CREW BACKUP CREW
Jamés A, McDivitt COMMANDER Charles Conrad, Jr.
David R. Scott COMMAND MODULE PILOT  Richard F. Gordon, Jr.
Russell L. Schweickart ~LUNAR MODULE PILOT Alan L. Bean

2. SECOND MANNED SATURN V MISSION

3. COMBINED CSM AND L/M EARTH ORBIT

4. PLANNED DURATION — 10 DAYS

5. BOOSTER - SATURN V BOOSTER NO. 504

6. SPACECRAFT — CSM #104 AND LUNAR MODULE #3

7 BLOCK II G&N SYSTEM 209  L/M G&N SYSTEM 605

APOLLO 9 MISSION OBJECTIVES

1st PERIOD Sth PERIOD
1. CSM-ACTIVE DOCKING 7. CSM SINGLE CREWMAN RENDEZVOUS
CAPABILITY

2. LM EJECTION FROM THE SLA

3. CSM AUTOPILOT STABILITY MARGIN (Partial) 8. AGS AV CAPABILITY USING DES

9. LM JETTISON

2l PERIOD LM CSM UNDOCKING
3. CSM AUTOPILOT STABILITY MARGIN (Completed) oG )
SedPERIOD 11. PGNCS CONTROLLED APS BURN
T
—_— 12. AGS CES ATTITUDE/TRANSLATION
4. DPS BURN DURATION EFFECTS CONTROL
5. LM PGNCS DAP PERFORMANCE 13.  RENDEZVOUS RADAR TRACKING
4th PERIOD PERFORMANCE
6. EXTRAVEHICULAR ACTIVITY 14. LM ELEVATION RENDEZVOUS

15. LM ACTIVE DOCKING
16. APS LONG-DURATION BURN

| 6 G - - -



APOLLO 9 SUMMARY FLIGHT PLAN (D MISSION)

| T

INSERTION CHECKLIST | i

TUNNEL AND LM PRESSURIZATION
® DON PGAs |

LM/TUNNEL PRESSURIZATION |

| )
LM/TUNNEL PRESSURIZATION

[

™
‘.M

| l IRl
NVR I'O -SPS DURN ATTITUDE

I |
| I
PGAs |
LAUNCH, ‘ i {
8 CLEAR TUNNEL ] CLEAR TUNNEL | t I[IMUORIENT | | |
ﬂlrkFAI:ls%Pg)?\l/lBl%I;TAI:?CIK}ING AND EJ}ECYION ‘ 1 LMP IVT TO LM ’ i LMPIVTIO M | ) DON PGA s AND CLEAR TUNPEL i 8/ mu ommunon " | INITIAL ENTRY PREPS AND STOWAGE i
8 ORIENT, ALIGN IMU ¥ MU ORIEN LMP AND COR IVT TO LM | | |
'.'"SEJ?;E;E;L:,Z“,’ Qk.'[?{f,';‘fq”’ CHECK 3 BCDR IVT TO LM I CDR IVT TO LM i i B CLOSE TUNNEL; IMU REALIGN | MU REALIGN | | | | SYSTEMS VERIFlCAYIONI |
BSECOND S-iVB RESTART | ‘ 1/CLOSE TUNNEL 1 CLOSE TUNNEL | BASSIST LM COARSE ALIGN &CLOCK stc n PREPS FOR $PS BURN 5‘AN0 BURN | MU ORIENTAYION LI
BDAYLIGHT STAR CHECK | | ! MNVR FOR AOT STAR OBSERVATIONS | I STOW CENTERCOUCH | 8] RR TRANSPONDER SELF TEST ) ' | MU REALIGN 8 |
| SXTCALIB.  ]W MNVR TO ~ SP5 BURN ATTITUDE 1 MNVR FOR LM STEERABLE ANT rEiT 1/IMU REALIGN | MAINTAIN MIN. DB ATTITUDE HOLD MU REALIGN | GN
| % DOFF PGAs MU ORENTATION | | MSFNRELAY TEST | | §_PLSS COMM. CHECK PREPS. FOR UNDOCKING Ar;gu::%ocxmc. $S-BAND mcn GAIN ANTENNA TEST FINAL ENIRY Pms . i
8PLSS COMMUNI CATIONS CHECK| PS_ FOR DEPRESS {8 LM INSPECTION AND CSM i
I e e St BURR BoAND BURG | W ASSIST LM IMU COARSE ALIGN CABIN DEPRESS | | | MU REALIGN AND PREPS. FOR U PHASING BURN | | 8 MU ORIENTATION | SPs DEORBIT BURN 1
| 1 SET ORDEAL AND ORBITAL RATE W ATTITUDE HOLD AT MIN DEADBAND | B EVA PHOTOGRAPHY | | RENDEZVOUS TRACKING | ] alwmu REALIGN | | |
MK TRACKING - vncn‘MEm | IMU REALIGN | | 1 LMP EVT CSM & BACK TO LM B |IMU REALIGN o | ‘
= MU REALIGN | ® PREPS FOR DOCKED DPSBURN |  EEVA PHOTO. & LTS. CHECK M, PREPS. FOR LM INSERTION BURN | W LANDMARK TRACKING (P22) | i
(7] B PREPS FON SPS BURN 3 AND BURN | B CLEAR TUNNEL | TI[REPRESS CSM PREPS. FOR LM CSI BURN | | | 1 MU RuL.(,N | i |
[¢] ® WU REALIGN| | CDR IVT TO CSM I INSTALLCTR. COUCH | | W PREPS. FOR LM CDH BURN | | [
| | W LMK TRACKING.- YAW/ROLLM TH. 1 |LMP IVT TO CSM | W CLEAR TUNNEL | i | "M PREPS. FOR LM TPI BURN | - LANDM]ARK TRACKING (P22) | i |
i | AU REALIGN CLOSE TUNNEL | [V RVTTOCSM | | "4 PREPS. FOR LM MCC BURN(S) | ‘ | | IMU ORIENTATION [ ||
w | 8§ IMU REALIGN | |1 P IVTTO CSM |8 RENDEZVOUS; PHOTOS OF LM | i [ i SPLASHDOWN = 23839
‘ | :REPASY[%:;S‘&'[’,R;“EA‘L‘,‘{;‘,S “U‘RN 8 PREPS FOR SPS BURN 5 AND BURN|  § CLOSE TUNNEL | "@| DOCKING; CORONA TEST 2; CLEAR TUNNEL | | W‘ IMU REALIGN } |
| W DOFF PGAs i ® DOFF PGAs | | LMP AND COR IVT TO CSM | W PREPS FOR SPS BURN 7 AND BURN |
‘ | ‘ | [E-h ‘ | ‘ | ! CLOSE HATCH, STOW EQUIPT. ; JETTISON M | | !
| | | W DOFF P | | | |
I T | | 4 | | =t G“’" BRI 1y | L T
SPSBURN 1| (b [ [ A 1 [acs sgp. | RCS POST JETT. Sep AEAETRS P9 BURN 7 I
% s W) | i i1 Z1000
MNVR. NOJULIAGER. 1221200, e 25110 B e | 417u0AGE i || | a-xErs o axETs | 2720 Guiace | 2/20 ULLAGE | 2/20 ULLAGE
DATA N so'sse No UL o A/la ULLAG | BT 11.8 SEC | ke | | | ¥
: 5.0 BT: 110.4 SEC  BT: 277.6SEC  &T: 28.0 SEC BT: 41.5 SEC | | BT: 10.9 SEC BT: 2.4 SEC | : 6. | | BT: 12.3 SEC
|aV: 36.8FPS U ic kps  av: 2548.1 FPS  Av. 299.8 FPS | AV: 550.5 FPS | | ! aV: 6.0 FPS ﬁ\gbi~?3§')’5 av: 62.7FPS AV: 155.7 FPS | | av: 313.4 FPS
[13x30 G e N5 X 77) 015 X 1) 03BXi33) | | | (130 X131) 3031 ©5%x129) | (93X 210) | i | (29  206)
— — — - e - : e T e e — — ;
GET 0 4 8 12 16 20 24 28 32 36 44 48 52 56 60 76 80 84 |88 92 96 100 104 10s 112] 116 120 128 136] 144 152 160 168 176 184 192 200 208 216 224 232 240
ACTIVITY DAY 1 | % 3 I 4 5 6 7 8 | 9 T 10 n
3 7 77 ® 5T 54 57 % & 7 75 78 8 9 02 1 T
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APOLLO 9 SUMMARY FLIGHT PLAN (D MISSION)

T 7
REVOLUTION N S R R N SR NG SN, N 5 . O | T [N J. VO O N D . T, A
ACTIVITY DAY [ 3 [ 4 5 | 7 ACTIVITY DAY 5
GET 4 12 16 20 24 28 32 36 40 44 48 52 56 60 64 8 72 76 80 84 [88 92 96 100 104 108 112 11§ 120 128 RELATIVE MOTION (CURVILINEAR, CSM CENTERED) FOR LM ACTIVE RENDEZVOUS
| { L - | Ps DPS IERS COHAPS  TPIRCS
l DOCK&)D DPS PHASING INSERTION 4 Ju INTCON 97:06:Z7.8 4 JET INTCON DEPLETlON 16 T | ) |
| ! 2/10 ULLAGE 93:50:03.6 95:41:48 22:00 4/4 ULLAGE  97:59:20.6 4 DPS INSERTION STAGING
MNVR. | | | BT 367 SEC \ | 2/8 ULLAGE 2/9 ULLAGE sr 30.6 SEC  BT: 3.1 SEC BT: 17.6 SEC 4/4 ULLAGE 3z 1T 1T 1 95:41:48 == T IRCS CSI
DATA | | | | | AV: 1699 FPS | | BT: 25.2SEC  BT. 24.8 SEC |4V: 37.8BFPS AV: 37.9 FPS aV: 21.8 FPS  BT: 360 SEC 12 L AV: 39.9 FPS :
! | e | av: 85.0 FPS  av. 39.9 Sec | (120X 139) (118X 120) (119 X 32) av: sup pps| 2
| | 1 “ | (118 X 144) \ W 1l | (131 X 3258) N - - - >
| | || | | §.= ] —[; == ]| | o N
! | | 1 J + £ T > wsl— 1 . | |
1 1 ’ T 1 ‘ 1 I T IR U I | ‘ 52 | N
| | MP IVT TO LM | 1 LMP IVT TO LM 1 LMP IVT TO LM | | | 3 2 |pockinG |
| \ | ENTRY CHECKS, EPS, ECS CHECKOUT 8 INITIAL LM ACTIVATION | | BINITIAL IM ACTIVATION S < [e98 SM-RCS \
| | ! | 1 COR IVT TO LM | CDR IVT TO LM | 1 COR IVT TO LM ! | | <34 §—: SEPARATION T
| | | | CLOSE TUNNEL \ 1 ASSIST CLOSING TUNNEL | | ASSIST CLOSING YUNNEL | i | s 93:05:45 !
| | { | J' GLYCOL, PGA, gscuuron cngcy 8 COMPLETE ACTIVATION FOR EVA | | | | ’ | a t 1 —tav: 6 i i e
| | | \ 1 DAYLIGHT AOT STAR VISIBILI TY CHECK 8 |[ASSEMBLE EMU FOR EVA | ER| LM ACTIVATION AND CHECKO-JT ! 2 1lo DPS PHASING ‘
| | i '8 COMMUNICATIONS TESTS 4 T.V. | 1 PLSS COMM. CHECK | || IMU COARSE ALIGN | | | | \ S d +93:50:03.6 T
>3 | i i "0 S"BAND STEERABLE ANTENNA TEST: W PREPS. FOR DEPRESS AND DEPRESS | | | | = AV: 85 FPS J
- | i | | | | i | 1 MSFN RELAY TEST | B MPEVTTO CSM | | B MU FINE ALIGN AND PREPS. FOR UNDOCKING Y UNDOCKING| | /
| ! | | i | 1 DEPLOY LANDING GEAR | | | RETRIEVE CSM SAMPLES UNDOCKING AND INSPECTION MANEUVERS | > 0 41N NXo239 S g
| | ! | | WREMOVE AND REPLACE CARTRIDGE |4 LMPEVT TO LM RENDEZVOUS NAVIGATION | -3 ' R
| | H | BPLSS COMMUNI CATIONS CHECK | RETRIEVE LM SAMPLES | 1IMU REALIGN AND COAS CALIBRATION | 38 - RCS5 TPI —1 -
| | | 1|PGNCS, AGS, LGC ACTIVATION | B LMP EVALUATE LIGHTING| 1 PREPS. FOR PHASING AND BURN | | £z, 97:59:20.6
| | | | | | I IMU COARSE ALIGN | || i W/H-BLAD PHOTOS AND T.V. I IMU REALIGN | ! | g ] av: 21.8 FPj/ 1
| i i | | i RCS PRESS, COLD FIRE, nor FIRE | LMP INGRESS LM | ‘_ 8] PREPS. FOR INSERTION AND BURN i | z e 1
| | | | ‘ | | I FINE ALIGN TORQUIN | REPRESS LM| | PREPS. FOR CSI; STAGING AND BURN 2 1 | |
| | | | | | | 1 LR, RR SELF TEST; AG$ CALIIRAHON PLSS RECHARGE AND DOFFING 8 PREPS. FOR CDH AND BURN i 1275 m R 30 A0 50T 60T 0D -0 0P 00
i i | | | |1 DPS PRESSURIZATION | | | |4 REMOVE, REPLACE LIOH CART. | |
| | | i |1 FINE ALIGN TORQUING | ICABIN CLEANUP & STOWAGE | B PREPS. FOR TPI AND BURN | | LM AHEAD =—1—= LM BEHIND
| | | | UPDATE, ALIGN, CALIB. AGS | COR IVT TO CSM MCC1 AND 2 BRAKING | CURVILINEAR HORIZONTAL DISPLACEMENT, X (N MI)
! | 1 PREPS FOR DPS BURN AND BURN ' 8 SUBLIMATOR DRYOUT 8 RDZ.. CSM PHOTO, CORONA TEST 1 |
i | | )} AGS CALIB. AND LR SELF TEST TLMP IVT TO CsM 8|DOCK., CORONA TEST 2,CLEAR TUNNEL
! I CDRIVITOCSM | CDR AND LMP |vr O cw | l
! SUBLIMATOR DRYOUT 1 LM JETTISON | 1 | |
1 LMP IVT TO CSM | 1 APS BURN TO D(PLETION ‘ | | |
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LAUNCH COUNTDOWN SC 104
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LAUNCH COUNTDOWN SC 104
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APOLLO 9 MISSION EVENTS (CSM)

00:11:21
7

EVENT G.E.T. EVENT G ET. EVENT
3 Bond 07:43 PIPA Bias Check 28:28 SPS Burn 4 - BT 28.0 sec

10:00 A. M. CST 08: SXT Calib., P23 AV 299. 8 FPS

i Deorbit 29:22 P52, REFS
8?)(:“[‘:“;?330?MU Pwr, down IMU, CMC (P06) 29:50 Update State Vector
Install Optics (Eyepieces) &SCS 29:55 Pwr. down IMU, CMC (P06)
Jettison Optics Covers Pwr.up IMU, CMC & SCS & SCS
P52 IMU Realign REFS P51 40:50 Pwr.up IMU, CMC, & SCS
PIPA Check (Optional) Update State Vector 41:05 State Vector Update
SCS Check PIPA Bias Check 41:58 Update - LM AOT Observation
SIVB Maneuver to T&D ATT P30, P40 Pad, LM S-BD Steerable Pad
GDC Align P52 42:15 LMP IVT to LM
P47 Thrust Monitor P40 42:33 Transfer LM to LM Power, P51
(Separation) SXT Star Check 42:50 P52-PREF
Terminate P47 SPS Burn 2 - BT 110. 4 sec 43:02 CDR IVT to LM
Dock AV 849. 4 FPS 43:40 g.kr;vr.for LMAOT Star

Update for Landmark servation
gopg?i?uiagrvg?égfmn Tracking 44:05 PIPA Bias Check
P47 Thrust Monitor Update State Vector 46:29 Support LM Comm. Checks
Ejection P22 Landmark Tracking as Required
Terminate P47 Update State Vector 47:22 LGC/CMC Clock Sync.
SIVB Maneuver to R=0, P30, P40 47:28 LM IMU Coarse Align
P=0, Y=0 P52 IMU Align - PREF 48:05 Update - LM State Vector,
PIPA Bias Check P40 CSM State Vector
1st SIVB Restart SXT Star Check 48:40 P52-REFS
MCC Update State Vector SPS Burn 3 BT 277.6 sec 49:08 P30, P40 SPS Thrust
P30 External &V AV 2548.1 FPS 49:25 P41 RCS Thrust
P40 SPS Thrust Computer Update - Desired 49:43 Docked DPS Burn
P52 IMU Align - PREF Orient for Ldmk. Track BT 367 Sec 4V -1699 FPS
P40 SPS Thrust P52 IMU Align - PREF 49:50 P76
SXT Star Check Computer Update - Ldmk. Track 50:15 CDR IVT to CSM
SPS Burn 1 BT 5.0 sec Update State Vector 51:12 LMP IVT to CSM
A 36.8 FPS P22 Ldmk. Tracking 52:53 Update State Vector
2nd SIVB Restart Update State Vector 53:05 P30, P40
Update for Daylight P30, P40 53:12  P52-PREF
Star Check P52-PREF 53:30 P40
Daylight Star Check P40 53:35 SXT Star Check
SXT Star Check 54:26 SPS Burn 5 BT 41.5 sec

Update State Vector & d
sired IMU orient for De()l‘bl[

AV 550. 5 FPS



APOLLO 9 MISSION EVENTS

(CSM)

EVENT . T. EVENT EVENT
Update State Vector 94:55 P52-REFS P51
Pwr. down IMU, CMC (P06) 95:30 P30, P40 Update State Vector, Nom Orient
& SCS 95:43 P76, P20 PIPA Bias Check
Flight Plan Update 96:03 V85, V83, P30 P52-Nom
Pwr.up IMU, CMC & SCS 96:10 P40-SPS Thrust Update-Landmark Tracking
6 LMP IVT to LM 96:24 P76, P20 P22
69:35 P51 96:40 P17 TPI Search Update Landmark Tracking
69:55 Update State Vector & 96:57 P30, P40 P22
Desired Orientation 97:10 P76, P20 P52-REFS
70:08 CDR IVT to LM 97:20 P34 TPI P22
71:05 P52-PREF 97:53 P40 Update State Vector
71:53 PIPA Bias Check 98:00 P76 Pwr. down IMU, CMC & SCS
76:46 CDR IVT to CSM 98:27 P47 Thrust Monitor Pwr.up IMU, CMC & SCS
77:37 LMP IVT to CSM 98:35 Rendezvous P51
77:45 Update State Vector 99:17 Docking Update State Vector
78:00 Pwr down IMU, CMC (P06) 100:00 CDR IVT to CSM PIPA Bias Check
sCs 100:21 LMP IVT to CSM P30, P40
87:05 pwr up IMU, CMC & SCS 101:25 LM Jettison P52-PREF
87:26 101:30 Post Jettison SEP Mnvr. Load DAP, P40 SPS Thrust
89:05 Update - CSM State Vector BT 11.8 sec aV 5.0 FPS SXT Star Check
LM State Vector, Desired  103:07 Update State Vector SPS Burn 7 BT 6. 2 sec
Orientation 103:15 Pwr. down IMU, CMC (P06) AV 155.7 FPS
89:14 LMP IVT to LM & SCS Update State Vector
89:25 Transfer LM to LM Power ~ 117:45 Pwr.up IMU, CMC & SCS Pwr.down IMU, CMC, & SCS
89:55 CDR IVT to LM 118:40 P51 Pwr.up IMU, CMC & SCS
90:25 P52-PREF 119:25 PIPA Bias Check PIPA Bias Check
90:37 LM/CMC Clock Sync. 119:40 Update State Vector P51
91:05 CMC Free Mode P30, P40 Update State Vector, Tgt.Load,
91:56 PIPA Bias Check P52-PREF Desired IMU Orient, Mnvr. Pad,
92:39  CSM/LM Undocking P40-SPS Thrust Entry Pad
93:00 P30, P41 RCS Thrust 21:40 SXT Star Check P52-PREF
93:05 SM RCS SEP Burn BT 10.9 121:59 SPS Burn 6 EXT aV P30
sec 4V 5.0 FPS BT 2.4 sec AV 62.7 FPS Load DAP, P40 SPS Thrust
93:10 P20 Rndz. Nav. 123:06 P52-Nom SXT Star Check
93:25 P52-REFS 125:20 Update State Vector, Hi-Gain SPS Deorbit Burn BT 12.3 sec
93:37  V85,P30, P40 Antenna Pointing 4V 313. 4 FPS
93:53 P76, P20 125:55  Pwr.downIMU, CMC & SCS CM/SM geparation
94:05 P34, V32 139:55  Pwr.up IMU, CMC & SCS Ghutes Deployed

SPLASH DOWN



APOLLO 9 MISSION EVENTS (LM)

G.E.T. EVENT G.E.T. EVENT GET EVENT

42:15 LMP IVT to LM 75:05 TV Pass to 75:15 96:22 CSI Staging Burn BT 30.6 sec

42:33 Transfer to LM Power 76:46 CDR IVT to CSM AV 37.8 FPS

42:50 ECS Activation & Checkout 77:28 Transfer to CSM Power 96:27 P20

43:02 CDR IVT to LM 77:38 LMP IVT to CSM 96:40 P33

43:50 Ascent Batt ACT & Checkout ~ 89:14 LMP IVT to LM 97:00 P42

43:57 Daylight AOT Star Check 89:55 CDR IVT to LM 97:06 APS-CDH Burn BT 3.1 sec
Visibility 90:30 PGNCS Turn on & Self-Test & 37.9 FPS

44:07 Comm. Checks 90:37 LGC Check Initialization & 97:10 P20

44:50 S-Band Steerable An t. Check Tephem Check 97:55 P4l

46:29 TV Pass to 46:34 90:43 IMU Coarse Align 97:59 RCS-TPI Burn BT 17.6 sec

46:36 Comm Checks 91:08 E Memory Dumps (2) AV 21.8 FPS

47:15 PGNCS Turnon & Self-Check ~ 91:10 Update LM State 98:10 P41 RCS Thrust-MCCy

47:22 LGC Clock Initialization, Vector, CSM State 98:22 P41 RCS Thrust-MCC3
Load Tephem, E-Mem Dump Vector, REFS 98:35 Rendezvous

47:28 IMU Docked, Coarse Align 91:38 IMU Fine Align and PIPA 99:17 Docking

47:42 PIPA Bias Check Bias Check 99:45 Update LM State Vector

48:13 Update - LM State Vector, 92:39 CSM/LM Undocking 99:53 P30, PIPA Bias Check
Gyro Torquing Angles 93:20 P30 100:00 CDR IVT to CSM

48:15 IMU Fine Align Torquing 93:23 P52 - REFS Option 100:15 P42, Enter POO

49:05 Update - Gyro Torquing 93:45 P40 DPS Thrust 100:21 LMP IVT to CSM
Angles, Fine Align Torquing 93:50 Phasing Burn BT 25. 2 sec 101:25 LM Jettison

49:25 P30, P40 DPS Thrust 4V 85.0 FPS 101:31 MCC CMD Enter P42 APS Thrust

49:43 Docked DPS Burn BT 367 sec ~ 93:55 P20 101:55 MCC CMD - APS Burn to
AV-1699 FPS 94:05 P34 Depletion BT 360.0 sec

50:15 CDR IVT to CSM 94:20 Update P20 AV 5247 FPS, Orbit 3258 x 131

50:30 Initial Power Down 94:30 V93, V32 at 4 Marks

51:05 Transfer to CSM Power 94:55 P52 - REFS Option

51:12 LMP IVT to CSM 95:07 P20

69:23 LMP IVT to LM 95:38 P40-DPS Thrust

69:38 Transfer to LM Power 95:41 Insertion Burn BT 24.8 sec

70:48 EVA Preparation Aav 39.9 FPS

73:13 LMP Egress LM 95:47 P20

73:28 LMP EVT to CM (Ingress CM) 96:00 P32

73:45 LMP EVT to LM (Egress CM  96:16 P41 RCS Thrust

Ingress LM)
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CSM-LM RENDEZVOUS PERIOD 92:30 hours to 100:30 hours

I _CSM Separation Burn (RCS)
i Tg - 109 sec
AV = 50 fps "

[l

i

I I
i

DAYLIGHT DARKNESS
T YEETTITTIIIV][\\I|I\\!'!

T
92:30 92:40 92:50

IVT of the two
LM crew members
at~89h00™ get

93:00 9310 9320 93:30 93:40 9350

‘/ Phaslng (DPS)

B
[GBM ]
C cvi [sk ] [mer |
DAYLIGHT DARKNESS
LI | L | LI | LB ' LB "l T

Tg = 25.2 sec (102 sec at 40%)
AV -850 fps
Ullage time = 8 sec

9400 9410 9420 94:30 94:40 94:50 9500 9510 9520

I
Insertion (DPS) 1 4~CSI (RCS) CDH (APS) 1 TPI (RCS) I
/TB= 24.8 sec /TB 30.6 sec Tg=3.1 sec T Tg=17.6 s>=
AV= 399 fps I AV=37.8 fps AV=37.9 fps I AV-2181fps |
Ullage time =9.5 sec II: Ullage time = 4 sec | :
[} ' 1
WHS| H A
[ovm ] cYi AN crol ] [usk] [ Jurv __ [RED ‘
YLIGHT DARKNESS DAYLIGHT DARK
P"""qmu]\rwlwmwvwr LU N L I I N N |
9530 95:40 9550 96:00 9610 96:20 9630 96:40 9650 97:00 9710 97:20 97:30 9740 97:50 98:00
1 II
TPF I: CSM-LM Docking || Long duration APS burn
953Mh Tp = 3600 sec
AV=28.5 fps I H AV =5246.7 fps
RCS=45.7 sec |: i Ullage time = 4 sec
(Theoretical) i ! 10155 GET.
| !
HAW GBM ACN [pre |
DARKNESS : DAVLIGH‘T‘ T T DARKNESS 3‘ — — "
9800 9810 98:20 9830 98:40 9850 99.00 99:10 99:20 9930 99:40 9950 10000 10010 100:20 lotlrso
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Insertion (PGNCS)
| 95:41:48.0 GYM)
— i AV=39.9 fps

b A 02

Y

Z
AV = sgo{;; 5 ,l
%su_n 3 l sec \ Su

7 \

10 0 10
Mahead LM behind Curvilinear horizontal displacement, X, n. mi.

Relative mation (curvilinear, CSM-centered) for LM-active rendezvous of mission D,

( 44 I! min
\ Phasing AGS) \
93:50:03.6 (MER)
&V'=85.0 fos 2
¥ OPS, 25.2 sec (10, / 40%) 2
2]
TPF By
98:31:08,9
i V = 28.5 fps
Y CS, 45.7 sec
>
AN § A PI (PGNCS) CDH (PGNCS)
N 97:59:30.0 (TAN) 97:06:27.
AR AV=21.5 fps V=375 —
%'. /RCS, 17.6 sec APS, 3.1 sec
|7 Lonin
53.0 min
L 1ppoNCs (95:00:12.5) Zizme l/ = =
AV=18.6fps, RCS 4 jet | “dp | L
Nominally not applied A
2 30 4 50 60 70 80



SEQUENCE OF EVENTS FOR SPACECRAFT MANEUVERS

Period Goet Time to next Burn  Ullage Resulting
of Event initiation ~ event,  Propulsion Time Time Total AV Guidance hy/hp, Tracking
Activity hrminsec hriminisec  system  sec fps  Mode n.mi.  Stations
1 Launch?® .0 : 3 - ETR
Insertion 00:11:35.3  02:22:24, - ETR, VAN
S-IVB to separation 02:34:00,0 00:09:00.0 ~APS - None
attitude
CSM separation &  02:43:00.0 SM RCS - 1.0 - - --
docking P
LM ejection 04:08:57.0 SM RCS 3.0 -- 112/109  None
SPS-1 (docked) 06:01:40.0 ES 50 0 1317113 HAW
2 SPS-2 (docked) 22:12:00.0  03:06:30.0  SPS 0.4 0 191/113  BDA
SPS-3 (docked) 25:18:30.0  03:09:30.0  SPS 277.6 0 271/115  MIL,BDA
SPS-4 (docked) 28:28:00.0  11:32:00.0  SPS 2.0 0 271/115  TE
3 LMsystems 40:00:00.0  09:43:00.0 - -
evaluation
DPS burn (docked) ~ 49:43:00.0 04:43:16.0 DPS 364.0 10 270/115  MIL, BDA
SPS-5 (docked) 54:26:16.0  17:13:44.0  SPS .5 2 133/133 GYM
4 EVA 71:40:00.0  21:2545.0 -~ - - - -
5 CSMseparation  93:05:45.0 00:44:18.6 SMRCS 10,9 -- 131/130  None
burn X
Phasing 93:50:03.6  0L:51:44.4 Dpsd 5.2 7 144/118  MER
Insertion 95:41:48.0 00:40:12.0 DPS-10% 24.8 ©7 143/141 GYM
cst 96:22:00.0 00:44:27.8 LMRCS  30.6 0 139/120 TAN
CDH 6:27.8  00:52:52.8  APS £ 120/118 RED
TPL 97:59:20.6  02:26:39.4 LMRCS 176 0 132/119  TAN
ert
APS lqng dura-  100:26:00.0 21:33:00.0 APS 360.0 3 3237/129 GYM, TEX, MIL
6 SPS-6 (solo) 121:59:00.0  47:48:00.0  SPS 24 20 627 G&N  129/95 CRO
o . ) ext AV
SPS-7 (s0l0) 169:47:00.0  68:23:00.0  SPS 6.2 20 1557 G&N  210/93 ML
ext av
SPS-8 (deorbit)  238:10:00.0  00:15:30.4 SPS 123 20 313.4 G&N  208/29 HAW, RED
ext av
8Launch is assumed to occur at 1100 Hrs, EST on February 28, 1969,
bUllage time given is for separation from S-1VB with 1 fps.
€2 jet ullage.
910 percent thrust for 15 seconds; 40 percent thrust for 10, 2 seconds
©The velocity-to-be-gained residuals will be trimmed by RCS using PGNCS (if necessary).
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SEQUENCE OF EVENTS FOR REENTRY

‘;:‘,’?:z;:_ Longitude, |Altitude, :;:'c::‘;' riﬁ:if,ﬁm i:‘;&e

des “ i il M~
Entry interface 33.% -89.70 | 00 000 | 25 798 -1.88 1512
0.05g 238:27:52.38 | 2:22 3.3 -18.46 | 282 538 | 25 905 -1.76 1007
Start Kepler phase 238:27:56.38 | 2:24 3.3 -18.30 | 280 935 | 25 9ok -1.76 999
Entry final phase 238:28:30.38 | 3:00 33.17 -15.k5 | 252 860 | 25 788 -1.65 855
Peak entry load factor 238:33:30.37 | 8:00 .75 -59.48 [ 109 794 | 6 10 -1.33 21
Guidance termination :50.37 | 9:10 .62 -59.00 5968k | "1002 [ ®-52.01 0.73
Drogue parachute deployment | 238:35:38.89 | 10:08 30.64 -58.97 23 b1 %ug7 So7h.11 -1.26
Main parachute deployment 238:36:24.82 | 10:55 30.64 -58.97 10 200 8234 ®.89.9 -1.33
Touchdovn 238:40:47.61 [ 15:18 30.64 -58.97 -9 %30 2-89.8 -1.46

®Relative velocity and

flight-path angle.

L---J
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GEODETIC ALTITUDE (FT)

w00 x 10
REENTIY INTERFACE
\ ENTER VHF BLACKO!
200 uT
\ 0.059
6.5 FI/SEC? INITIATE GUI DANCE
ENTER S-BAND COMMUNICATION BLACKOUT
20 \
EXITS-BAND ATION BLACKOUT
EXIT VHF
BACKOUT
MAX LOAD FACTOR
100
TERMINATE GUI DANCE
DROGUE DERLOY
MAIN PARACHUTE DEPLOY
1
0
1800 1600 1400 1200 1000 200 00 ) 0

RANGE-TO-GO (N MI)

Altitude and range profile for reentry.




PHASE

C/M COMPUTER PROGRAMS

PROGRAM
NUMBER

PROGRAM TITLE

PRE-LAUNCH
AND
SERVICE

BOOST

COAST

PRE-
THRUSTING

THRUSTING

ALIGNMENT

ENTRY

ABORT

CMC IDLING

PRELAUNCH OR SERVICE-INITIALIZATION
PRELAUNCH OR SERVICE-GYRO COMPASSING
PRELAUNCH OR SERVICE-OPTICAL VERIFICATION OF
GYRO COMPASSING

GNCS POWER DOWN

SYSTEMS TEST

EARTH ORBIT INSERTION MONITOR (EOI)
TRANSFER PHASE INITIALIZATION SEARCH (TPI)
RENDEZVOUS NAVIGATION

GROUND TRACK DETERMINATION

ORBITAL NAVIGATION

CISLUNAR MIDCOURSE NAVIGATION

CMC UPDATE

EXTERNAL DELTA V

LAMBERT AIMPOINT MANEUVER

TRANSFER PHASE INITIATION (TPI)

TRANSFER PHASE (MIDCOURSE)

RETURN TO EARTH (RTE)

STABLE ORBIT RENDEZVOUS (SOR)

STABLE ORBIT MIDCOURSE (SOM)

SPS

RCS

THRUST MONITOR

IMU ORIENTATION DE TERMINA TION

IMU REALIGN

BACK-UP IMU ORIENTATION DE TE RMINATION
BACK-UP IMU REALIGN

ENTRY-MANEUVER TO CM/SM SEPARATION ATTITUDE
ENTRY-CM/SM SEPARATIONAND PRE-ENTRY
MANEUVER

ENTRY INITIALIZATION

ENTRY-POST 0.05G

ENTRY-UP CONTROL

ENTRY-BALLISTIC

ENTRY-FINAL PHASE

LM TRANSFER PHASE INITIATION (TPI) TARGETING
LM TRANSFER PHASE (MIDCOURSE) TARGETING
LM TARGET DELTA V

LM TPI SEARCH

LM SOR TARGETING

LM SOM TARGETING
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(LM EARTH ORBITAL) COMPUTER PROGRAMS
PIHASE PROGRAM PROGRAM TITLE
NUMBER
SERVICE 00 CMC IDLING
06 LGC POWER DOWN
ASCENT 10 PREDICTED LAUNCH TIME (CFP)
11 PREDICTED LAUNCH TIME (DT)
12 POWERED ASCENT
COAST 20 RENDEZVOUS NAVIGATION
21 GROUND TRACK DETERMINATION
22 LUNAR SURFACE NAVIGATION
25 PREFERRED TRACKING ATTITUDE
27 LGC UPDATE
PRE-
THRUSTING 30 EXTERNAL DELTA V
31 LAMBERT AIM POINT GUIDANCE
32 CO-ELLIPTIC SEQUENCE INITIATION (CSI)
33 CONSTANT DELTA ALTITUDE (CDH)
34 TRANSFER PHASE INITIATION (TPI)
35 TRANSFER PHASE MIDCOURSE (TPM)
38 STABLE ORBIT RENDEZVOUS (SOR)
39 STABLE ORBIT MIDCOURSE (SOM)
THRUSTING 40 DPS
41 RCS
42 APS
46 LM/CSM SEPARATION MONITOR
47 THRUST MONITOR
ALIGNMENT 51 IMU ORIENTATION DETERMINATION
52 IMU REALIGN
57 LUNAR SURFACE ALIGN
DESCENT 63 BRAKING PHASE
64 APPROACH PHASE
65 LANDING PHASE (AUTO)
66 LANDING PHASE (ROD)
67 LANDING PHASE (MANUAL)
ABORTS 70 DPS ABORT
AND 71 APS ABORT
BACKUPS 72 CSM CO-ELLIPTIC SEQUENCE INITIATION (CSI)
TARGETING
73 CSM CONSTANT DELTA ALTITUDE (CDH) TARGETING
74 CSM TRANSFER PHASE INITIATION (TPI) TARGETING
75 CSM TRANSFER PHASE MIDCOURSE (TPM) TARGETING
78 CSM STABLE ORBIT RENDEZVOUS (SOR) TARGETING
79 CSM STABLE ORBIT MIDCOURSE (SOM) TARGETING




OPTION CODES (VO4NO06)

R1 CODE PURPOSE

IMU ORIENTATION

VEHICLE

TRACK ATTITUDE
PHASE

SOR
PROP SYSTEM

CHECKLIST REF CODES (V50N25)

R1 CODE ACTION

PERFORM FINE ALIGN
ACQUIRE CELESTIAL BODY
TERMI NATE MARKS

CM sSM

KEY CMC TO STBY
G&N AUTO MNV
SWITCH TO CMC AUTO
SPS GMBL TRIM

ALARM CODES
DESCRIPTION

MARK REJECT UNNECESSARY
MARK NOT ACCEP

NO INBITS

MARK NOT DESIRED

OR REQ

5 SEC
TOR REQ - OSS NOT AVAIL

(VO5N09)

CORRECTIVE ACTION
RSET/CONT

RSET/CONT

RSET/REATTEMPT ENTRY
RSET/CONT

SET OSS TO CMC/RSET/CONT

SET_OSS TO ZERO/RSET/CONT
RSET

e
ENOOOOON——~—OONNNRN

—==NoORA=ONV—=OCUAN—O

TOR REQ - OSS NOT ZEROED

CDUS NO GO_ AT MARK

MARKING NOT CALLED FOR

NO SOLUTION TO TPI

PIPA SATURATED

ZERO ENCODE NOT ALLOWED

COARSE ALIGN

PREF ORIENT NOT SPECIFIED

ISS MODE SWITCH FAIL

IMU NOT ALI

DESIRED ANGLES GMBL LOCK

TARGET OUT OF DEG
STARS NOT AVAIL

P20 NOT OPERATING

TARGET OUT OF 50 DEG

W_MATRIX OVERFLOW

NO TIG _FOR ELEV ANGLE

DOWN TOO FAST

UP TEL TOO_ FAST

O VAC AREA FOR_ MARKS

ILLEGAL RUPT OF EXTD VERB

NO SOLUTION

VG INCREASING

IMU UNSAT

IMU REVERSED

V37 NOT ALLOWED

CANNOT INTEG SV TO TIG

* RESTART # AUTO DISPLAY

T_0OSS TO ZERO RSET CONT
E} REPEAT MARK

ET/V32E

WITCH TO SCS

SET V41 V40

MoV N
m

ET REINITIATE PROG

ET

ET AVOID GMBL LOCK
ET MNVR NEW TGT
NVR RSET V32

SET/MNV
SET P27 SV4 UPDATE
3EZTE NEW ELEV RSET

ET RETRANSMIT

ET TERM, REINITIATE
ET TERM, REINITIATE
ET/REINITIATE PROG
RMINATE THRUST RSET
ET/REALIGN IMU
ET CONT 0 DEG =

i
ET/AUTO TIG SLIP

Eh bt toded

000
©n
m

LIFT DN

07070 30 =0 00T <L
m
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VERB UST

ZERO 1CDHU
SOARSE

FINE

LOAD EI!R()RS
ACTIVATE |
LM INTO ()SN
LOAD DAP
CREW MNVR
COAS MARK
ADD ATIME
ST()P TRA(,K

ARK
RESET STICK
SET NI7:N20

FOLLOW ERROR
FINAL ERROR
NI7 ERROR

S BAND ANT
6 (

GSM INTO
W_MATRIX RMS
STROKER
UPDATE LO
BLOCK UPDATE

77 RESET PREF

UPDATE LM SV 40 TF TG
UPDATE CSM SV VGEXX.X
ORBIT PARAM aVo MXX
RR DOT,THETA &1 TGT.AZ
RR DOTPHI TG.TEL
REJ COAS MK IDENT
RNDZ ATT MNVR 42 HAXX.X
OUT OF PLANE HPXX.X
INITIALIZE W &V OREQ
TERM INTEG 43 LAT.XX
LEN.GX
41 HAXX.X
HPXX.X
TFF
49 SR XXX
AR
S CODE
50 LR ML
HI’;X.X
81 RHOXX
GAM.MA
NOUN LIST 53 RANSE
RDOT.X
CRWAT PHIXX
PRE.AT 54 RANGE
NEWAT RDOT.X
aTIME THE.TA
T FM PER 55 P CODE
Ti6 ELE.VX
T FM EVT CEN.AN
TI6 TP 56 ENA.NH
T ST VEC aVXX
&T TNFR 87 &R S() R

90

9l
92
93

98

96 +
99

HPXX.X

YXX.XX
YDOT.X
XX

PRS.FT
I’R.TRN
Tl N
S6.YRO
SHAFT
TR.UNN
PRFAT
XATT
POS.ER
VELE.R



NOUN 70 CODES
RI: CELESTIAL BODY CODE  000XX  R2: LANDMARK DATA  ABCDE

00 PLANET 27 ALKAID A = | IF KNOWN LDMK

01 ALPHERATZ 30 MENKENT A = 2 IF UNKNOWN LDMK
02 DIPHDA 31 ARCTURUS B = INDEX OF OFFSET DESIG
03 NAVI 32 ALPHECCA £ = NOT USED

04 ACHERNAR 33 ANTARES DE = LDMK 1D NO

05 POLARIS 31 ATRIA

06 ACAMAR 35 RASALHAGUE

07 MENKAR 36 VEGA

10 MIRFAK 37 NUNKI

Il ALDEBARAN 40 ALTAIR

12 RIGEL

13 GCAPELLA

1<+ CANOPUS

15 SIRIUS

16 PROCYON

17 REGOR 41 DABIH

20 DNOGES 42 PEACOCK

21 ALPHARD 43 DENEB R3: HORIZON DATA  00CDO

22 REGULUS 4t ENIF

23 DENEBOLA 45 FOMALHAUT G = | FOR EARTH HORIZON
244 GIENAH 46 SUN G =2 FOR MOON HORIZON
25 ACRUX 47 EARTH D = | FOR NEAR HORIZON

26 SPICA 50 MOON D =2 FOR FAR HORIZON
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ABBREVIATIONS ABBREVIA TIONS
ACN Ascension Tracking Station HAW Hawaii Tracking Station
AGS abort guidance system ivT intravehicular transfer
ANG Antigua Tracking Station LM lunar module
APS ascent propulsion system LOS loss of signal
BDA Bermuda Tracking Station MER Mercury Tracking Ship
CAL California Tracking Station MIL Merritt Island Tracking Station
CDH constant differential height MSFN Manned Space Flight Network
CES control electronics system PGNCS primary guidance and navigation
control subsystem

CRO Carnarvon Tracking Station

PLSS portable life support system
CSsi concentric sequence initiation

PRE Pretoria Tracking Station
CsM command and service modules

RCS reaction control subsystem
DAP digital autopilot

SLA spacecraft LM adapter
DPS descent propulsion system

SPS service propulsion system
EMU extravehicular mobility unit

S-IC Saturn IC, LV first stage
EVA extravehicular activity

s-11 Saturn II, LV second stage
EVT extravehicular transfer

S-1VB Saturn iVB, LV third stage
PTP fixed throttle point

TAN Tananarive Tracking Station
GBM Grand Bahama Tracking Station

T&D transposition and docking
GDS Goldstone Tracking Station

TEX Corpus Christi Tracking Station
g.e.t. ground elapsed time

TLi translunar injection
G.m.t. Greenwich mean time

TPI terminal phase initialization
G&N guldance and navigation

TPF terminal phase finalization
GYM Guaymas Tracking Station

VAN Vanguard Tracking Ship
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