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Memorandum 
TO See attached list 

FROM CF24/Chief , Crew Safety and Procedures Branch 

DATE: April 29 , 1968 

In r eply refer t o : 
CF2L~l - 8M- 51 

SUBJECT : "C" Mission Rendezvous Procedures 

l 

j•,nclosed is a revlcw copy of the "C" Mission Rendezvous Procedures . 
11hese pr ocedures are consistent with t he 205/101 trajec t ory as of 
mid- April . The work- around for P35 is i ncluded as an enc l osure t o 
this memorandum wh i ch replaces Pages 2- 12 , 2- 13, and 2- 14 of t he 
subje t document . 

I t is planned t o hold a Re ndezvous Pro edures Review a t 9 a .m. , 
May 9 in Building 11 , Room 276, t o re ce ive comme nts and corrections . 
Following t he r eview , t he document will be updated and presente d 
for appr oval t o the Crew Procedure s Control Board on May 27 , 1968 . 

For f urther information , contact Duane K. Mosel , ext ension 5340 . 

--~-, ' C . 1/ I <( ' / { , , ' l ,, ,...,,,.,,, '-· 

Paul C. Kramer 

Buy U .S . Saving.r Bonds RegitlarlT ou the Payroll Savings Plan 
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1.0 Purpose 

This document contains the primary and backup crew procedures 

for the CSM 101 spacecraft rendezvous with the AS- 205 S- IVB 

stage , in accordance with Detailed Test Objective P20 . 13 de ­

fined in the February 14, 1968, Mission Requirements SPD8- R- 001. 

The purpose of the Rendezvous Procedures Document is to provide 

a single s ource of procedures information for use in flight 

planning, crew training, and preparation of onboard data. 

This is a control document, subject to review by all elements 

of the Apollc Program, and approval by t he Procedures Configu­

ration Control Board. Comments should be directed to Mr . 

Duane K. Mosel, Crew Safety and Procedures Branch, Flight 

Crew Support Division, Extension 5348 . 
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2.0 Major Events 

The AS-205/101 rendezvous exercise will begin on the second 

day at about 22 : 00 hr. with preparation for the phasing 

maneuver NCCl and end with the CSM in formation flight with 

the S-IVB at ab out 30 :00 hr. This time period is divided 

into the six segments of Section 2 .0, and each is treated 

separately in the f ollowing paragraphs. On Figure 2-1 the 

locations of the 38 most significant nominal mission events 

are shown in the S-IVB centered relative motion plot. The 

CSM attitude angles are summarized in a similar manner on 

Figure 2- 2. 
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2.1 NCCl Maneuver 

At 22:00 hrs. after liftoff, the CMC, IMU, and SCS will be 

powered up and the DAP initialized in preparation for IMU 

alignment and subsequent rendezvous navigation. This occurs 

about three revolutions prior t o the NCCl maneuver to allow 

sufficient time for state vector uplink and two complete 

night passes for coarse and fine align . State vectors for 

both vehicles, NCCl burn information and the time that an 

integral number of orbits prior t o TPI is reached will be 

uplinked at 22 :30 over BDA . Sunset on this orbit will occur 

at ab out 22 :40 at which time the IMU orientation determination 

program P51 will be performed by the CSM pilot in the LEB. If 

time permits, a fine align (P52 , nominal mode) t o the next 

time corresponding t o the TPI position will be performed. The 

automatic star selection and optics pointing will be used for 

the fine align. Sighting on a third star is planned as a fine 

align check. 

At 24:05 a perigee will be reached and the ORDEAL will be 

initialized to the local vertical by slewing the left FDAI 

to the angle g from v83 and setting the orbital rate for the 

altitude HA+ Hp, where HA and Hp will be obtained from V82. 

2 
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Throughout the mission the ORDEAL will be initialized as near 

to apsidal crossings as possible, to minimize effect of orbit 

eccentricity on FDAI error (see Reference 6.4). The next 

sunset will occur at 24:27, Another fine alignment to REFSMMAT 

will be accomplished, followed by a fine align check on a third 

star. 

During the next daylight period which begins at about 25:00 

hrs., the rendezvous navigation program will be called up, the 

CSM maneuvered manually to the track attitude, V86E performed 

to initialize the W matrix, and the S-IVB vector updated by 

sextant marks for a period of about 30 minutes. This will pro­

vide the first data for post-flight analysis of the optical 

navigation. 

At 25 :35 hrs. over BDA, an MSFN update of both state vectors 

and the NCCl maneuver parameters will occur. Following this, 

the CSM pilot will call the external 6 V program (P30), the 

Commander will perform the EMS 6 V test, and load the NCCl 6 V 

magnitude into the EMS. At about 25:45, the CSM event timers 

will be synchronized to the NCCl ignition time to go (V16 N35) 

and the SPS thrusting program (P40) will be called. The vehicle 

will be maneuvered automatically to the approximate burn atti­

tude and a fine align to REFSMMAT and fine align check will be 

performed during the darkness period prior to the NCCl burn. 
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At approximately 26:08 , the CSM -pilot will call the SPS thrust 

program (P40) and automatically orient to the final burn atti ­

tude. The last t ask to be performed in the LEB prior to NCCl 

will be a SXT/Star check after the maneuver to the final burn 

attitude. At about 26:15, the CSM pilot will leave the LEB 

and occupy the center seat while the Commander prepares the 

SPS for ignition . 

The 11 . 7 second NCCl maneuver will be performed at 26:25 . In 

the interest of conserving RCS propellant it is planned to 

record but not trim the 6 V residuals, since an SPS NCC2 

maneuver will almost certainly be required in any case . 

Following the NCCl burn, POO will be called to terminate 

average g . 
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2.2 NCC2 Maneuver 

Shortly after the NCCl maneuver the CSM pilot will enter the 

LEB and, at sunrise, call the rendezvous navigation program P20. 

The Commander will maneuver the spacecraft to the track orien­

tation in the acceleration command mode and the CSM pilot will 

initialize the W matrix and update the S-IVB vector from 26:35 

until 27 :00. At 27:05 over MLS the MSFN will send up NCC2 

and NSR maneuver data, as well as updated state vectors for 

both vehicles . This will be followed by P30, the EMS AV test 

and loading the NCC2 A V into the EMS counter. An automatic 

maneuver to the burn attitude and a SXT/Star check will be per­

formed. The CSM pilot will leave the LEB at about 27:20. 

NCC2 is a phase correction maneuver to place NSR at the desired 

trailing displacement and altitude. It will be performed with 

the SPS engine if larger than~ -
•£ st..'-

The NCC2 burn will occur at 27:30. If the SPS is used, the 

Commander will trim the residual velocities to minimize errors 

at NSR. At the completion of the thrust program, the CMC idling 

program (PO0) will again be called to terminate average g. 
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2.3 NSR Maneuver 

The purpose of the NSR maneuver is to make the spacecraft and 

S-IVB orbits coelliptical. At about 27:32, after completion 

of NCC2, the CSM pilot will enter the LEB and call P30 while 

the Commander loads the DAP for narrow deadband and . 5 degrees 

per second rate . 

The NSR ignition time and burn complnents will be loaded into 

P30 and EMS test and initialization for monitoring and backup. 

The event timers will be set counting down to ignition time, 

and approximately 23 minutes before NSR an auto maneuver to 

the burn attitude will be performed. A fine align to REFSMMATT 

(P52 ) and an align check will be performed prior to calling 

the SPS thrust program (P40) 13 minutes prior to NSR, at 27 :47. 

Ten minutes before NSR, at 27:50, the CSM pilot will leave the 

LEB in preparation for the burn. NSR ignition will be at 28:00. 

Duration of the SPS burn will be nominally 10. 8 seconds. 

The velocity residuals will be trimmed carefully to minimize 

errors in the coelliptical orbit. 
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2.4 TPI Maneuver 

Following the NSR maneuver, the CSM pilot will enter the LEB 

and call the rendezvous navigation program (P20) and the TPI 

prethrust program (P34). The CSM will be manually oriented 

to the track attitude using acceleration command. The eleva­

tion op_tion f or TPI will be selected by entering a value of 

27.45 degrees . The nominal TPI time will be entered to mini­

mize CMC iterations in det ermining actual time of TPI. The 

time between TPI and TPF will be 35:00 minutes corresponding 

to approximately 140 degrees orbit travel. On the initial 

pass through P34, the event timers wili be synchronized count ­

ing down to TPI, and at 28 :24 the W matrix will be initialized. 

Then 10 minutes of S-IVB sightings will be made and P34 recycled 

to observe the change in TPI time and total ~ V. If the up-
t:2. ,s 

dated TPI time is more than ~ minutes early or ~ minutes late, G-< .,.,.-
;p3l1 wiJ J be recaJ led and ~ he 

~be time-:l-imit closest to the time predicte-d by P34 atter 

..__ the tracking period. 

At 28:40 ORDEAL will be initialized to provide the best possi­

ble attitude reference for terminal phase backup. The MSFN 

recommendation for the TPI maneuver will be transmitted to 

the spacecraft over ANT at 28:47, An additional 10 minutes 

of S-IVB marks will then be taken starting at 28:51. 

-, 
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Throughout the coelliptical phase, whenever time permits, range 

and angle data f'rom V83 or V85 will be recorded on the crew' s 

polar plot . This will provide additional information on the 

status of the trajectory at TPI . 

Following the end of the second set of S-IVB marks , the event 

timers will be resynchronized counting down to TPI. The magni­

tude of the TPI solution will then be set into the EMS. At 

TPI-10 minutes, the RCS thrust ing program will be called and 

the spacecraft rotated manually in PNGS pulse mode to boresight 

on the S-IVB using the COAS. At TPI-8 and 5 minutes, range, 

range rate, and angle data will be recorded while boresighted 

on the target. These data will be used to enter the flight 

charts for determining the backup solution for TPI as explained 

in Section 4 .1. 

By approximately TPI-4 minutes t he decision will be made in 

accordance with mission rules as to whether the PNGS TPI 

maneuver is usable. If the PNGS solution i s used, the CSM 

will be auto maneuvered to the burn attitude. At TPI-30 

seconds, the EMS will be turned on and when the event timer 

reaches zero the DSKY VG ' s will be driven to zero by the 

Commander using the translation controller . 

2-8 
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2,5 Midcourse Maneuvers 

Following the TPI burn, the DAP will be configured for ,5 deg/sec 

maneuver rate, P20 will be called and the CSM will be maneuvered 

in acceleration command to the track attitude in preparation for 

SXT marks on the S-IVB. The midcourse program P35 will be called 

and 5 SXT marks made by TPI+8 minutes. The CSM Pilot will key 

ENTER at TPI+B minutes t o permit taking backup data at +9 minutes 

uisng V85 with the SXT boresighted on the S-IVB. '.I.w~more S-IVB 

updates will then be made before obtaining final backup data at 

12 minutes. At 12 minutes, 30 seconds, the PROCEED from Vl6 N45 

will be keyed which will fix the time of the midcourse maneuver 

at TPI+l4 minutes. The RCS thrust program will be utilized but 

the spacecraft will not be maneuvered from the track attitude. 

After the first midcourse maneuver Program P35 will again be 

called at about TPI+l5 minutes, backup data will be recorded at 

16 and 19 minutes with 2 S-IVB marks in between backup measure­

ments. At 19 minutes 30 seconds, the PROCEED will be keyed 

which sets the second and final midcourse at 21 minutes. Prior 

to the burn the spacecraft will be maneuvered to boresight on the 

SIVB. Program 41 will be used for the second midcours e exactly 

as the first. 
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2.6 Line of Sight Control and Braking Maneuvers 

After the midcourse maneuver at TPI+21 minutes, Program 47 will be 

called, the SIVB will be tracked using the COAS. No more S-IVB 

marks will be made after TPI+l8 minutes. 

When the S-IVB is boresighted in the COAS, SCS narrow deadband 

attitude hold will be selected, and with hands off the attitude 

controller, the drift of the S-IVB in the COAS reticle will be 

observed. By timing the drift,corrections normal to the line of 

sight will be obtained from flight charts and executed to maintain 

a collision course along an inertially fixed line. 

At the braking gates, range rate will be reduced to the maximum 

allowable values defined in the following table: 

~ 1.00 0.50 0.25 0.15 

RMAX 25 15 10 5 

FPS 

Since limits on TPI time will assure sunrise by the time 1 N MI 

range is reached, the COAS will be useful for estimating range 

and closing rate inside the braking gates. Thus a transition 

can be made from the DSKY display of ranging information to the 

visual scene. The final braking and initial formation flying 

will occur about 30:00 hours after liftoff for TPI at the nominal 

time. 
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Displacement NSR (28+00 ) 
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(N .M. ) 

GNCS Startup 20 27+40 P52 IMU Refsmmat Align 
Ground Uplink (BDA) 21 27+47 P40 NSR Thrust Program 
IMU Orientation Determination 22 28+00 NSR Burn (SPS) - 229 . 0 FPS 
IMU Nominal Align 23 28+10 P20 10 Marks (28+24 - 28+33) 
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Ground Uplink (BDA) 26 29+o6 P41 TPI Thrust Program 
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NCCl Thrust Program 30 29+29 P41 MCCl Burn Program 
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NCC2 Burn l SPS/RCS) 36 29+38 P47 Thrust Monitor (LOS Control) 
NSR External AV 37 29+51 TPF (RCS) - 17 . 5 FPS 
Auto Maneuver to Burn Attitude 38 30+00 Station Keeping 
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APOLLO "C" MISSION RENDEZVOUS PROCEDURES 

G p C G p C, 
~ R R E R R 
T e E T e E 

Ci w DISP~AYS/PRBCEOURES ET G w DlSPLAYS/PRBCEDURES E 

RECEIVE G6 ~eR RENOEzveus SII/SIVB/GPI•GPI 

MENTER NAV BAY 

(PERFORM lNITIM .. 
21 ♦50 SWITCH CHECKL.IST> 

L CMC ATT•IMU 
FDAI SCALE.,5/1 
FDAI SE'.L, ,d/2 
FDAI S6URCE.ATT SET 
ATT SET•GDC 
MAN ATT(3)•RATE CMD 
L. IM IT CYCLEw6FF 
ATT DB,.MAX 
RATE•LBW 
DI RECT -RCS•fffF 
SCS CHAN('t)11BFF 
SC CBNT•CMC 
CMC MeDE•F'REE 
BMAG MtlDE(3) ■RATE 2 
DV THRUST DIRECT~BFF 
DV THRUST(A,B)•BFF 
SCS TVC(2)wRATE CMD 
GMBL M6T6RS(4)•6FF 
scs ~eG1c BUS 3•8N 
ELS 1.,6GIC•OFF 
ELS AUT6/MAN•AUT8 
lMU CAGE•BF'F 
EMS RBi:.L•6FF. 
,05G ■ eFp 
O</PC•PC 

TVC GMBL DRIVE(2)•AUTB 
FCSM(A,B)•RESET/BVERRIDE 
~ V GU IDANCE,d U 
EMS FUNCTIBN•BFF 
EMS MBDE•STBY 
UP TLM(MOC)•B~BCK 
FLT RCDR•BFF 
PANE~ 8 CB•C~BSED 
TVC SERVB PWR(BBTH)•BFF 
F-"DAI PWR'!tBBTH 
HAND CBNT PWR•BBTH 
SCS ELECT PWR•GDCIECA 
BMAG PWR(BBTH>•B N 

R G/N PWR•ACl 
PANEL 5 GIN CB~CLBSED 

N G/N PWR,BPTICS•BFF 
GIN PWR,JMU•BFF 
BPTICS M6DE•ZERB 
CBNT SPEED•Hl 
C6Nt CBUPLING•DIRECT 
$CT TRUN~S~AVE TB $XT 
CBNDJTIBN LAMPS-eN 
UP TLM(LEB)•ACCEPT 

G p 

E R 
T a 

G 

22+00 

05 

ee 

22+25 
P27 

22+35 

April 1 , 1968 

C 
R 
E; 
w OISPl.,AYS/PR6CEDURE$ ET 

N PR6(STBV Ll~HT•BFF) 
RSET w . 

N KEY V37E05E 0 

~ 

~ F 50 25 00060 I-'• 

N G/N PWR,IM U•BN ::s 
p, 

(MBNJTBR NR ATT ~T) I--' 

N KEV ENTER :s: 
I-'· 

F 50 07 [/) 
[/) 

I-'· 
0 

N KEV V37E00E ::s 

::r 
50 07 0 

() 

l.. UP TLM(~DC) • ACCEPT (1) 
p, 

MBNITBR G~D UPLINK(BDA) ~ 
R REC6RD VBlCE DATA (1) 

[/) 

I., UP T~M(MDC>•BLBCK 

I., KEY V'+8E(DAP LBAD) 
F 04+ 06 1110 OAP 

11111ceN .. 
B FIG 

I., PRB 
F' 06 '+7 00187, tX 

0058'+, IYll 
32 ,. T 

L. PR6 
F 06 48 .001,0 TRIM 

•000,6 TRIM 
+01980, Tl,.X 

I., PRB w 
06 '+8(P,Y TRIM,Tl,.X) I 

I--' -

N KEY V'+6E 
N KEY V62E 



I. ATT DB•MlN N ~Re BPTl CS MeDl .. MAN 
SCS CHAN<'+ l •A F 06 3'+ 000 __ , TIME F 51 70 STAR CBDE 2 
BMAG MBOE(3)•ATT1/RATE2 000 __ • eF N MARK BN STAR 2 
SC C6NT ■ SC:S ♦ Q __ ._ AL.,IGN F 50 25 00016 

N G/N PWR,ePT1cs~eN L. MAN S/C re SEF,HEADS~UP N KEY ENTER 
ZER6 6PTICS~15 SEC N PR6 r:- 01 10 JST AR c!H'>E 21 
6PT l c;s · MBDE•MAN F 06 22(R,P,Y) N PR6 

N ~RB 06 05(ANGL.E DIFF) 
N KEY V3?EP1f; I.. MBNITeR FDAl ANO F' 06 93(GYR6 TBRQ ANG) .. 

P~1 Ne ATT 1.IGHT N PR" 
2~•55 F so 25 00015 F' 50 25 00015 3+20 F 50 25 0001'+ 

L. MAN ATT(P,Y)•ACC CMO N ZERB 6PTICS ■ 15 SEC N (FBR FlNE A~lGN CHECK~ 
SUNDN M6NITBR FDAI L. MAN ATT<P,Y)~ACC CMD KEY ENTER,RETURN TB *1 
22+!S?N ACQ ARCTURUS AND VEGA N ACQ STAR$ IN SCT ZERB OPTICS AND USE . . 

IN scr L. MAN ATT(3)•RATE CMD THIRD STAR) 
L. MAN AT!(3)•RATE CMD N KEY ENTER N PRB 

(AVAil,,.AB~E STARS.VEGA, UNUP Jr so 07 
N KEY ENTER DENEB,Al.,TAIR) 3•30N G/N PWR,8F'TICS•BFF 

F' 51 - 70 STAR CBDE I. ATT DB ■ MAX 
N MARK BN ARCTURUS * F 01 70 STAR CBDE 1 

F 50 · 25 0001t;, N CHECK STAR ceoE 1 
N KEY ENTER ePTICS MBD~•CMC N KEY V37EOOE 

23+00 F' 01 - 70 !000311 N PRB POO 
06 92.(SHAFT,TRU~) 50 07 

N PRB N lDENTIFY STAR 1 
F 51 70 STAR CBDE BPTlCS MBDE•MAN L. SET BROEAL 

N "'1ARK 6N VEGA F 51 70 STAR CeDE 1 24++05N KEY V82E 
F' 50 -25 00016 N MARK BN $TAR - 1 r 06 '+'+(HA,HP,TFF) 

N KEY ENTER 23+15 F' so 25 00016 I., SET ALT Te HA,HP AVG 
23 ♦ 05 F 01-70 !00036! N KEY ENTER N PRe 

N PRB F 01 10 !STAR ~BDE 11 F 06 32(TIME TB PER) 
06 05(ANGL.E DIFF) N PRB 

F 50 07 N PRB 06 32(TIME Te PER) 
F 01 70 STAR CeDE 2 N KEY V83E - . 

N 4ER6 BPTlCS•l5 SEC F 06 5'+(R,R,e) 
N KEY V37E52E CH~CK $TAR CBDE 2 l.. SL,EW BRDEAL. FOAl TB 8 

P52 BPTICS MBDE•CMC N PRB • 23+10 F 0'+ 06 00005 IMU N PRB 06 5'+(R,R,el 
!00002t6R 1 ENT 06 92(SHAFT,TRUN) 

... 

B SEI,. N JDENTIF'Y STAR 2 w 
I 
[\) 



P~2 
2••25 

L. ATT DB•l'llN 
BMAG M~OE(3)eATT1/RATE~ 
SC CeN't•SCS 

NGIN PWR16PTIC.S•eN 

N KEY V3?E52E; 

F 04 06 00005 ?MU 
K>OOOleR IENT 

6 SEL. 
(lF P5~ C6MP~ETED BN 
PREVI&us NIGHT PASS) 

N PRl;l -

N 
L. 

SUNON 
2••27N 

F 50 c?6. 00015 
ZER6 6PTIC$e15 SEC 
MAN AT!(P1Y)•ACC CMD 

ACQ STARS lN SCT 
MAN ATT(3)•RATE CHO 
KEY ENTER . 

- ~ 

N 
(AVAlL.A8L.E STARS• 

ARCTURUS1VEGA1DENE6) 

• F 01 70 STAR CBDE 1 

t)F'TICS M6DE•CMC 
N PRB 

06 9~(SHAPT,TRUN) 
N IDENTIFY STAR 2 

OPTICS Mt,DE•MAN 
r 51 70 STAR CeOE 2 

N MARK BN STAR 2 
F 50 25 00016 

N KEY ENTER 
F 01 70 §TAR CeDE a 

N PRe 

N 
4+40 

N 

06 05(ANGLE DIFF') 
F 06 9l(GYR6 T6RQ ANG) 

PRl;l 
F' 50 2~ 00014 

(FBR FlN~ AL,IGN CHECK~ 
KEY ENTER,RETURN te *1 

ZERB BPTICS AND USE 
THIRD STAR) 

f.tRB 
F' 50 07 

GIN P.WR,6PTICS•BFF' 

N CM~CK STAR ceOE 1 N KEY V37EOOE 
BPTICS -MBDE•CMC POO 

NP.RB 50 07 
06 92(SHAFT,TRUN) 

N IDENTIFY STAR 1 
ePT l cs· 'MBDE•MAN 
- F 51 10 - STAR CSDE 1 

N MARK SN STAR 1 
24•35 F' 50 - 26 00016 

N KEY ENTER 
- F' 01-70 !STAR CBDE 1! 

N PR6 
~ 01 70 STAR CODE~ 

N ZER6 6PTIC$•15 SEC -
CHECK $TAR ceDE 2 

~ ALIGN GOC Te IMU 
ATT DB•MAX 

l,. VERIFY 6ROEAL. 
4+50N KEY V82E 

F 06 4~(HA,HP,Tff) 
L. SET A~T TB HA,HP AVG 
N PR8 

F 06 32 ( TIME Te PER) 
N PRB 

06 3a(T?ME Te PER) 
N l<EY V83~ 

20 
~•55 

F 06 5A+(R,R,8) 
~ S~EW . 6RDEAL ~DAI T~ e 
N PRe 

o~ 54<R,R,e> 

~ BMAG M6DE(3)•RATE 2 
$C CBNT•CMC 
CMC MeDE•AUTB 

N KEY V37E20E 

fr 04 06 Po~olt sv - ePT18N 
B 

N GIN PWR,6PTlCS ■ 8N 
ZERB 6PTICS•15 SEC 
BPTICS M6DE;•CMC 

Ii. MAN ATT(P).ACC CMD 
N PRt, 
L. MAN SIC TB NAV TRACK 

ATT(SXT) 
MAN ATT('.3)•RATE GMO 

N KEY V58E 

N KEY V86E 
UNUPN KEY V57E 
5+00 F 51 BB 

N BPTICS MBDE•MAN 
N MAKE 30 $lVB MARKS•1/MIN 

(6PTICS MBOE ■CHC/CHK SV) 
N OPTICS MODE•CMC 

GIN PWR,6PTICS•6FF 
N KEY ENTER 

51 BB 
N AFTER L.AST MARK PR6• 

Ct;:SSED•KEY V56E 

N KEY V37EOOE 
POO 

l;.J 
I 

l;.J 



51 BS 
~ UP TL,M(MOC)eACCEPT 

25•35 M6NtT6R GND UP~INK(BDA) 
P~? - R REC6RD V61CE DATA 

L. UP TL,M(MDC).BLBCK 

P30 
N KEY V3?E30E 

2$+'+0 F 06 33 IG 

N PRB 

F 
&.;...K.:::....:...;..:.,a• cc 1 

F" 06 8Z VXL, 

N PR6 

VYL, 
i.;;..M.:::.::.:::..::.,;:r V Z L. 

F 06 ~e(~A,HP,OVl 
R cepv oy 

I. PERF6RM EMS DV TEST 
EMS FUNCTieN•6FF 
C:8 EMS(~)•Cl.,6SED 
EMS MCOE•$TBY 
EMS FUNCTl6N•OV SET 
I.BAO +1586,8 
EMS FUNCTI6N•OV TEST 
(SP$ I.T 6PF' AT OV••0•1) 
EMS M~OE•STBY . 

N P.R6 
F 50 07 

N KEY V37E'+0E 

F' 06 86(VG•l,.V) 
N PR6 

F' 06 22(R,P,Y) 
N PRO 

F SO 25 00203 
I. BMAG M6DE(3)•RATE 2 

SC CBNT•t;;MC 
CMC M60E•AUTB 
1<£Y ENTER N 

S•~O 
I.. 

F 06 2i(R,J;.'1Y) 
M6NIT6R MANEUVER 

F' 50 19(R,P,Y) 
N ?Re 

F 50 25 00204 

I.. ATT DB•MJN 
6MAG MBDE(3)•ATT\/RATE2 
$C CBNT•SCS 

NGIN PWR,5PTICS•BN 

N KEY V37ES2E 

3 

3 

L. EMS FUNCT?ON•OV SET 
25•'+5 1.eAo 09 ■ 12 

52 
5 ♦55 F 0'+ 06 00005 IMU 3 . 

K>COOlBR % ENT 

EMS F'U~CTl6N•DV 

N PRr, , 
L. SET 
N SET 
N PR6 

i:-

16 35(TF'l) 
MD(; DET 
L,EB DET 

16 ~5(N,TF'l,MGA> 

6 SEL. 
N PRO 

N 
L. 

3 UNON 
5+57N 

I. 
N 

F 50 25 00015 
ZERB 6PT1CS•15 SEC 
MAN ATT(P,Yl•ACC CMO 

ACQ STARS IN SCT 
MAN ATT<l>•RATE CMD 
KEY ENTER 

2 

(AVAILABL.E STARSwSPICA, 
Al.,KAlO,ARCTURUS) 

* r 01 70 $TAR CBDE 1 
N CHECK STAR ceot 1 

BPTlCS Ml90E•CMC 
N f>Rt, 

Q6 92(SHArT,TRUN) 
N IDENTIFY STAR 1 

BPTICS MBDE•MAN 
F 51 70 STAR ceD~ 1 

N MARK 8N STAR 1 
6+00 F 50 25 00016 2? 

N KEY ENTER 
F 01 70 !STAR t:6DE 1! 

N f:'R8 
F 01 10 STAR CODE 2 

N ZERe 6PTICS• 15 SEC . 
CHECK $TAR ceo t 2 
BF'TICS M6DE•CMC 

N PRe 
06 92(SHAFT,TRUN) 

N ID~NTIFY STAR 2 
6PTICS MBDE;•MAN 

N 
6+05 

N 

. r 51 70 STAR CBDE 2 
MARI< BN STAR 2 .. 

F' 50 25 00016 
l<EY ENTER 

20 _ 

F 01 70 !STAR CBDE ?I 
N PRf) 

06 05(ANG~E OJFF) 
F 06 93-(GYR6 TSRQ ANG) 

N PRO 
F 50 25 00014 18 

N (F6R FJN~ A~lGN CH~CKw 
KEY ENTER,RtTURN TB•, 
Z~Re 6PT1,s AND USE 
THIRD STAR) 

N PRe 



F 50 07 SPS HE VLV TB(2)•BP L. M6NITBR GMBL DRIVE ~EST 
N G/N PWR, BPTI CS•BFF' SPS HE VLV(2)wAUTO VERIFY GPI TRIM 

I,. FCSM SPSA•BN 06 40(TFI,VG,DVM) 
L. VERIFY MDC DET 

N KEY V3~EOOE; L. G~BL DRIVE AND TRIM CHK M VERIFY VG 
POO TVt SERV PWR l•ACt/MNA CHE,CK C/W L,AMPS 

50 07 TVC SERV PWR 2•AC2/MNB L.. F'DAI SCAL,E .. 5/5 3 
I-IAND CBNT PWR"1 VERIF'Y 5/C ATTfTUDE 
RHC 2•ARMED 

N KEY V37E~OE 1 GMBL, MBTBRS L. DV THRUST A•NBR MAL,(1MIN) 
P~O PITC~ 1 • START•e~ THC•ARMED -

F 06 86(VG~l.V) YAW l. • START•BN RHC(2) ■ ARMED 
N PRe THC-,CW "1 FLT RCOR,.RECBRD 

F 06 22(R,P,Y> RHC.,VERIFY NB MTVC 6+251,. EMS MBOE"AUTB(AT 30SEC) 
N PRe GMBL.. MereRs M MBNIT6R DVM 

F 50 25 00203 PITCH 2 • START.,BN L PERFBRM UL~AGE(AT l~SEC) 
I,. BMAG M6DE(3)•RATE 2 YAW 2 • START•BN F' 50 99(TFJ,VG,DVM) 

SC CBNt ■ CMC CBNFIRM GPI TRIM ceNT I,.. VERIFY ENGINE TRIM 
CMC MBOE■ AUTB SET GPI ■PTRIM(•1•06) CC1 M KEY ENTER BEFBRE TFI!O 0 

N KEY ENTER YTRIM(•0•60) 06 40(TGB,VG,DVM) - F 06-22(R,P,Y) RHC.,VERIF'Y MTVC 1-, STeP Ul,.LAGE 
l,. MeNIT6R MANEUVER THC ... NEUTRAL MBNITBR FDAI,PC GAUG~ 

F 50 19(R,P,Y) HAND CBNT PWR ■ BBT~ R MBNITBR VAL,VES BPEN 
M MeNtTBR DSKY 

N PERFBRM SXT/STAR CHECK I. ALJGN S/C lN RBLL L DV THRUST A•BFF(TGB•O) 
26 ♦ 10 ZERB 6PTICS•15 SEC 1 r 16 '+O(TGB,VG,DVM) 

BPTIC$ MeDE•CMC M KEY ENTER R MeNtT8R VA~VES Cl,,BSEO 
KEY V~1N91E F 06 22(R,P,Y> 

F 21-92 I ---·--~HAFT I,,. M6NIT6R MANEUVER ~ GMBL M6TBRS 
--•--- RUN F 50 1~(R,P,Y) PJTCH 2•BF'F 

8 I,. MAN ATT(3)•RATE CMD Y•W 2•BFF 
KEY ENTER AND BBSERVE RATE•HlGH P JTCH 1 ■ BFF 

ePTICS PRIVE TB STAR OIRECT RCS•BN YAW 1•6F'F 
KEY R~SE 8~AG MBDE(3)•ATT1/RATE2 TVC SERVB PWR(86TH)•6F'F 

F 50- 19CR,P,Y) EM$ MBOE•STBY w 
6+20l. ALIGN aoc; TB IMU M FL.T RCDR ■ BF'F I 

Vl 
26♦ 15N l.,.EAVE ~AV BAY 1 M PR6 

M KEY PRB r 06 85(VG~BBDY) 
R IGNITION PREPARATIBN F 50 25 0020'+ l,, THC•l..BCKED 

MN BU~ TIE(2l•BN M KEY ENTER M PRe 



POO 

F 06 4~(HA1HP1TFF) 
M PR6 

F 06 32(TIME TB PER) 
M PR6 

F' 50 07 
H KEY V3?EOOE 

50 07 

MENTER NAV BAY 

~ EMS FUNCTlBNwBFF 
FOAl SCA1.E•5/1 
RATE•l.,6W 
DtRECT -RCS•eFF 
FCSM A•RESET/6VERR!OE 

R MN BUS TIE(!)•eFF . 

L. PRB 
F 06 '+7 X 

YIZ 
....... ...,._;;;.=-:;"··T 

L, PRB 
F 06 ~8 TRJM 

TRIM 
~~"----"" I.X 

1.. PRe 

06 48(P,Y TRIM,Tl..X) 

SUNUP~ 6MAG M60E(3)•RATE 2 
6+30 SC CBNT•CMC 

20 

CMC MeOE•AUTB 
N KEY V37E20E 

F 0'+ 06 00001 SV 
1000011ePT l er--. 

B 
NGIN PWR,~PTICS•BN 

ZERB BPTICS•15 SEC 
ePTICS MBDE•CMC 

I. MAN ATT(P.)•ACC CMD 
NP.RB 
~ MAN SIC TB NAV TRACK 

ATT(SXT) 
MAN ATT(3)•RATE CMD 

N l<EY V58E 

N l<EY V86E 
N KEY V57E 

26+35N 
N 

F 51 BB 
6PTICS MBDE•MAN 
MAKE 25 SJVB MAR1<S~l/MIN 
(6PTIC$ MSDE•CMC/CHK SV) 

N 6PTlCS MBDE•CMC 
GIN PWR,~PTICS•BPF 

N 
7 ♦ 00 

N 

l<EY ENTER 
51 BB 

AFTER ~AST MARK PR8• 
CESSED•KEY 56E 

00 
N KEY V37EQOE 

51 BB 

l. $ET BROEAl. 

N l<E:Y V62E 
F 06 '+4(HA1HP1TFF) 

I. StT A~T TB HA,HP AVG 
N PR6 

r 06 32(TIME TB PER) 
N PRB 

06 32(TlME TB PER) 
N l<E:Y \i,S3E • 

F 06 S'+(R,R,e) 
I. SLEW BRDEAI.. FOAi TB 8 
N PRB • 

06 5'+(R,R,8) 

I. UP Tt.M(MDC)•ACCEPT 
7♦05 MBNITBR GND UPt.lNK(Ml.,A) 
~7 R RECBRD VBICE DATA 

(0EClSl6N•NCC2•RCS/SPS) 
I. UP TI.M(MOC)•BLBCK 

N KEY V37E30E 

F' 06 33 

N PR6 

r 06 82 t----·-rvx~ ____ ,_DVY\., 
----•-DVZL. 

N PRO 
F 06 ~2(HA,HP,OV) 

R cepy DV 

~ PERFijRM EMS OV TEST 
EHS FUNCTt6N•9FF 
ca EMS(~)•C\..6$ED 
EMS Mt,OE•STBY 
EMS FUNCTfeN•OV St! 
L6AD +1586,8 
EMS PUNCTl6N•DV TE~T w 

I 

°" 



• 

(SPS L.T err AT ov ... 0,1> ePTICS DRIVE Te STAR M KEY PRe 
EMS MBDE•ST'BY KEY Rl,.SE F 50 25 00~04 

F 50 19(R,P,Y) M KEY ENTER -L.. EMS FUNCTIBN•DV SET l. M6N?T6R GMBL DRIVE TEST 
l..BAD ov.12 7+20N L.EAVE NAV BAY 1 VERIFY GPI TRIM 
EMS F"UNCTI6N•DV 06 40(TFI,VG,DVM) 

R iGNITIBN PREPARAT16N l,. VERIFY MDC DET 
N ?Re MN BUS T1E<2>•6N M VERIFY VG 

F 16 35 ( TF'l ) SPS HE VLV TB(2)•8P UNDN CHE;CK C/W L,AMPS 
~ SET MDC DET 21 SPS H~ VLV(2)wAUTB ?+271,. FDAI SC:Al.E•5/5 
N SET L.EB DET L. FC.:SM SPSA•BN VERIFY S/C ATTfTUDE 
N PRe 

F 16 ~5 ( N, TF I, MGA ) L. GMBL DRtVE ANO TRIM CHK I,, DV THRUST A•N6RMAL(!MIN) 
N PRB TVC SERV PWR 1•AC1/MNA THC•ARMED 1 

F 60 07 TVC SERV PWR 2•AC2/MNB RHC(2)•ARMED 
HAND C6NT PWR•1 M FLT RCDR•RECBRD 
RHC 211ARMED L. EMS MBOE•AUTB(AT 30 SEC) 

27♦ 10N KEY V37E~OE 2 GMBL, M6TBRS M M6NlT6R OVM 
P•o PITCH~ • START•BN I,. PERFBRM ULL.AGE(AT 15SEC) -

F 06 86(Vt3•LV) YAW 2 • START•BN F 50 99(TFI,VG,DVM) 
~ PRB CBNF"IRM GPI TRIM CBNT I,. VERIFY ENGINE TRIM 

F 06 22(R,P,Yl SET GPI•PTRlM(P1•09) CC2 M KEY ENTER BEFBRE Tfl!O 0 
N PRB YTRIM<•0•73) 7+30 06 40(TGO,VG,DVM) 

F 50 25 00203 RHC•VER IFY MTVC L. ST6P ULLAGE 
L. BMAG MBOE(3)wRATE 2 lHC NEUTRAL M6NITBR FDAI,PC GAUGE 

SC C6NiwCMC HAND CBNT PWR•B6TH R MBNITBR VA~V~S BPEN 
CMC Me0E•AUT6 M M6NIT6R DSKV 

N KEY ENTER l. AL?GN SIC IN RBLl., I. DV THRUST A•6F~(TGB•O) 
f 06-221R,P,Vl F. 16 40(TGO,VG,OVM) 

L. MBNITBR MANEUVER M KEY ENTER R MBNIT6R VALVES Cl.,BSED 
F ~O 19(R,P,Y) F 06 22(R,P,Y) 

I.. MBNIT6R MANEUVER L. GMBL. MBTBRS 
N PERFeRM SXT/STAR C~ECK F 50 19(R,P,Y) PITCH 2•fJF'F 

21+15 ZERe BPTICS•15 SEC 1 L. MAN ATT(3)•RATE CMD YAW 2•8FF 
BPTICS MBOE•CMC RATE•HtGH PITCH 1•6Ff 
KEY V41N9s DIRECT Rt';S•BN YAW 1"6FF 

F Z1 -,~ ---•-- HAFT 6MAG MBDE(~)•ATTl/RATE2 TVC S£RVB PWR(BBTH)•6Ff w 
--•--- RUN EMS M6DE•STBY I 

-.:J e 7+25L, ALIGN GOC Te IMU M FLT RCDR .. BFF 
KEY ENTER ANO 98SERVE M PRe 



P00 

F 06 85(VG•BBDY) 
L, NUL,L VGIS 

THC•LBCKED 
M PR6 

F 06 44(HA,HP,TFF) 
M PRe 

F 06 3~(TIME TB PER) 
M PRe 

F 50 07 
M KEY V37EOOE 

50 07 

MENTER NAV BAY 

~ ~MS FUNCTlBN 6FF 
FDA? SC:A~E•S/1 
RATE•L~W 
DIRECT - RCS•BFF 
FCSM A•RESET/BVERR?DE 

R MN BUS TlE(2)wBFF 

L KEY V48E(DAP LBAD) 
F 04 - 06 jfIIoqoAP 

l!lillCBI\• 
B FIG 

L PR6 
F 06 47 +0018 •IX 

+00573,IYlZ 
+31838, T 

L PRB 

P30 

F 06 48 

L, PRe 
06 48(P,Y TRJM,TLXl 

N KEY V37E30E 

F 06 33 

N PRB 
F 06 82 

N PRB 
F 06 4~(HA,HP,DV) 

R CBPY DV 

L PERFBRM EMS DV TEST 
27+35 EMS FUNCTlBN•BFF 

CB EMS(2)•Cl.,BSED 
EMS "16D~-.STBY 
EMS FUNCTIBN•DV SET 
LBAD +1586,8 
EMS FUNCTI8N•DV TEST 
<SPS LT BFF AT DV••Oel) 
EMS MBDE•STBY 

L EMS FUNCTIBN•DV SET 
l,,BAD ov .. 12 
EMS FUNCTIBN .. DV 

N PRB 
F 16 35 < TFI) 

L. SET MDC DET 
N $ET L,EB DET 
N PRB 

F 16 45<N,TFI,MGA) 

2 

N PRe 
F 50 07 

N KEY V37E40E 

F 06 86(VG•LV) 
N PRe 

F 06 22(R,P,Y) 
N PRB 

F 50 25 00203 
L, BMAG MODE(3)~RATE 2 

SC CBNT ■ CMC 
CMC MBDE•AUTB 

N KEY ENTER 
F 06 22<R,P,Y) 

~ MBNITBR MANEUVER 
F 50 19(R,P,Y) 

N PRe 
F 50 25 00204 

L ATT DB•"1IN 
BMAG MBDE(3)•ATT1/RATE2 
SC CBNr.scs 

N G/N PWR,BPTICSwBN 

27+40N KEY V37E52E 20 
52 

F 04 06 

N PR6 

00005 IMU 
!O0O0lBRlENT 

B SEI,. 

F 50 25 00015 
N ZERB 6PTICS•15 SEC 
~ MAN ATT(P,Y>•ACC CMD 
N ACQ STARS IN SCT 
~ MAN ATT<3)wRATE CMD 
N KEY ENTER 

(AVAJ~ABLE STARS~ 
w 

I 
(X) 



A~PHERATZ,F6RMA~HAUT, 
DIPHDA) 

* F 01 70 STAR CBDE l 
N CHECK ~TAR CBDE 1 

BPTICS -1'16DE.CMC 
N PRB 

06 92(SHAFT,TRUN) 
N JDENTIFY STAR 1 

BPT I CS .MBDE;wMAN 
F ~1 70 STAR CBDE 1 

N MARK BN STAR 1 1 
F' 50 - 25 00016 

N KEY ENTER 
F 01-70 !STAR CBDE 1! 

N PR6 
F 01 70 STAR CBDE 2 

N ZERB BPTICS•l5 SEC 
CHECK STAR . CBDE 2 
BPTICS -MBDE•CMC 

N PR6 
06 92(SHAFT,TRUN) 

N IDENTIFY STAR 2 
6PTICS MBDE MAN 

F 51 70 STAR CBDE 2 
N MARK BN STAR 2 1 

F so · 2s 00016 
N KEY ENTER 

F 01 .. ?0 !STAR C6DE 2! 
N PRB 

N 
27 ♦ 4t5 

N 

06 05(ANG~E DIFF) 
F 06 93(GYRB TBRQ ANG) 

PR6 
F 50 25 00014 

(FBR FlNE A~tGN CHECK• 
KEY ENTER,RETURN TB •1 
ZERB 6PTICS AND USE 
THIRO - STAR) 

1 

N PRB 

00 

F 50 07 
NGIN PWR ,6PTICS•BFF 

N KEY V37EOOE 

50 07 

N KEY V37E40E 1 

F 06 B~(VG•LV) 
NP.RB 

r 06 22(R,P,Y> 
N PRe 

F 50 25 00203 
~ BMAG MBOE(3)wRATE 2 

$C CBNT•C.MC 
CMC MBDE•AUTB 

N KEY ENTER 
F 06 22(R,P,Y) 

L MBNITBR MANEUVER 
F 50 19(R,P,Y) 

N PERFBRM SXT/STAR CHECK 
ZERB BPTICS•l5 SEC 1 
BPTICS MBDE•CMC 
KEY V41N91E 

F 21 92 ,~--_-_-,-----~HAFT 
. --•---!TRUN 

e 
KEY ENTER AND BBSERVE 

BPTIC,S -DRIVE TB STAR 
KEY RL.SE 

F 50 19(R,P,Y) 

7 ♦50N ~EAVE NAV BAY 1 

R JGNITIBN PREPARATIBN 
MN BUS TIE(2)PBN 

SPS HE VLV TB(2)•BP 
SPS HE VLV(2)~AUT6 

L., F'CSM SPSA .. BN 

~ GMBL DRIVE AND TRIM CHK 9 
TVC S~RV PWR 18ACl/MNA 
TVC SERV PWR 2•AC2/MNB 
HANO CBNT PWR•1 
RHC 2,ARMED 
GMB~ MBTBRS 8 

PITCH 1 ~ START•BN 
YAW J • START•BN 

THCwCW 
RHC•VERtFY NB MTVC 
GMBL.. MBTBRS 

PITCH 2• START~eN 
YAW 2 • START•BN 

CONFIRM GPI TRIM CBNT 
S~T GPI•PTRtM(•1,09) 

YTRIM( .. Q,73) 
RHC•VERIFY MTVC . 
THC,.NEUTRAL 
HAND CBNT PW.R .. BBTH 7 

~ ALIGN S/C IN RBLL 

M KEY ENTER 
F 06 22(R,P,Y) 

~ MBNITBR MANEUVER 
r 50 19(R,P,Y) 

~ MAN ATT(3l•RATE CMD 
RATE•HJGH 
DIRECT RCS•BN 
BMAG MBDE(3)~ATT1/RATE2 

7+55~ ALIGN GDC TB IMU 5 

M KEY PRe 
0020'+ 

L,J 
I F 50 25 

M KEY ENTER 4 \0 



6 MBNITBR GMBL DRIVE TEST 
VERIFY GP! TRIM 

06 40(TFI,VG,DVM) 
L VERIFY MDC DET 
M VERIFY VG 

CHECK C/W L.AMPS 
L FDAI SCALE•S/5 

VERIFY SIC ATTITUDF 

L DV THRUST A.N8RMAL(lMI~l 
THC•ARME0 1 
RHC(2l;ARMED 

M FLT RCDR•RECBRD 
l,. EMS MBDE•AUTB(AT 30SECl 
M MBNITBR DVt-1 
L. PERFBRM UL.~AGE(AT 15SEC) 

F 50-99(TF1,VG,OVM) 
VERIFY ENGINE TRIM ~ 

NSR M 
SUNUP 
28+00L 

KEY ENTER BE~6RE TFI~0 
06 - -0(TGB,VG,DVM) 

sreP UL.LAGE 
MBNITBR FDAI,PC GAUGE 

R MBNIT6R VA~VES BPEN 
M MBNtTBR DSKV 
L DV THRUST A.eFF(TGBm0l 

F 16 40(TG8,VG,DVMl 
R MBNIT8R VALVES CLBSED 

L 

M 
M 

L 

GMBL. M6TBRS 
PI TC I·( 2•BFF 
VAw 2•8FF 
PITCH l•BFF 
YA-,.J l•BFF 

TVC SERVB PwR(88TH)•8FF 
EMS MBDE•STBV 
FLT RCDR•BFF 
PRe 

F 06 85(VG•BBDV) 
NUL.L VG 1 S 
THCwl,.BCKED 

POO 

28+05 

M PRB 
F 06 44(HA,HP,TF~) 

M PRe 
F 06 32<TIME TB PfRl 

M PRe 
F 50 07 

~ KEY V37EOOE 

50 07 

MENTER NAV BAY 

L EMS FUNCTIBN•BFF 
FDAI SCAL.E•5/l 
RATE•L8W 
DIRECT Rc;s-eFF 
FCSM A•RESET/6VERRIDE 

R MN BUS TIE(2)•BFF 

L KEY V48E(DAP LBAD) 
F Olt 06 IITITjAP 

BN• 
B FIG 

L PRB 
F 06 47 +O 7 • IX 

+00563, IYIZ 
+31124, WT 

L PRB 
F 06 "t8 ( p' y TRIM,Tl,.Xl 

L PRB 
06 '+a(P,Y TRIM,TL,X) 

L BMAG M3DE(3l~RATE 2 
SC CB!\T .. CMC 
CMC M8DE•AUTe 

28+10N KEV V37E20E 
P20 

F 04 06 00001 SV 
!OOOOl!BPT I 8N 

B 
N G/N PWR,BPTics .. e N 

ZERB 6PTICS•l5 SEC 
BPTICS MBDE.,CMC 

~ MAN ATT(3l-ACC CMD 
N PRB 
~ MAN S/C TB NAV TRACK 

ATT(SXT) 
MAN ATT(3).RATE CMD 

N KEY V58E . 

28+15N KEY V37E34E 
P3'+ 

F 04 06 00003 TPl 
!0 0 0 0 2! D AT A 

B BPT 
N KEY V06N37E 

F 06 37 + 0029• TIG 
-.00016, BF 
+.025,9 TPI 

N KEY RLSE 
F 0~ 06(TPI DATA BPT) 

N PRe 
F 06 55 B EL.EV 

!•027, '+S!ANG 
B 

N PRB 
F 06 39 0000, DT 

•000~5• TRANS 
•000,0 

(' 

w 
I 
I-' 
0 



' 

N PRe F 06 32(TIME Te P[R) MAN ATT(P)~ACC CMD 
F 06 37 ( TI G BF TP t ) N PRB B6RESIG~T BN TGT(CBAS) 

N PRB F 16 45(N,TFI,B) MAN ATT(3)wRATE CMO 
F 06 58(DVTPI,HP,DVTPF) N KEY V83E • MAN ATT(P1Y)"MIN IMP 

N PRB F 06 54(R,R,8) 
f 16 35(TF"l) L SLEW 8RDEAL fDAI re a N PRe 12 

I,. SET MDC DET 5 N PRB F 06 37(TIG BF TP I> 
N SET L.E8 DET F 16 45 ( N, TFI, B > N PRe 
N PRB F 06 58(DVTPI,HP,DVTPF) 

28•20 F 16 .. 5 ( N, Tr 1, B) N 
-

l<EY VBS~ • 3 
r 06 S~(R,R,I.) l,. EMS MBDE•STHY 

N KEY V86E 5 R CBPY R,R,t(PBL.AR PLBT) E"1S FUNCTif'.lN 
N KEY vs?E N PRB L.BAD DV 

F 51. BB F 16 45(N,TFI,B) EMS FUNCTIBN"DV 
N BPU CS M~OE.MAN 5 

28•2'+N HAKE 10 SIVB MARKS•1/MIN 8+451.. ALIGN GDC re IMU 31 N PRe 
(6PTICS MeOE•CMC/CHK SV) F 16 35(TFl> 

N BPTICS H6DE•CMC RECBRD VBICE TPI 2 CHECK . MDC DET 11 
28•34N KEY ENTER 4 DATA(ANT) CHE:CK 1,,EB DET 

F 16- 45(N,TFI,B) PRe 
N KEY V57E F' 16 45(N,TFI,MGA) 

28 ♦ 35N KEY V32E•RECYCL.E 28+50 F 51 BB 2 N PRB 
F 06 . 37(TIG BF TPI) N BPTICS MBDE~MAN 2 F 50 07 

(MAKE OECISIBN BN TPl 3 28+51N MAKE 10 SIVB MARKS-1/MIN 
TlG WlN06W) SUNDN (6PTICS MBDE~CMC/CHK SV 

28 ♦57N BPTICS M6DE•CMC N KEY V37E41E 10 
N PR6 N G/N PWR,BPiICSP6FF 41 

F 06 58(DVTPI,HP,DVTPF) 29+01N KEY ENTER 1 F 04 06 00004 AXIS 
N PRB F 16 45(N,Tfl,B) [QOQO !I CBDE 

F 16 35(TF'I) N AFTER ~AST MARK PRBP B 
L. SET MOC DET 3 CESSED•KEY V56E N PR6 
N SET I.EH DET F 06 85(VG•B6DY) 
N PRB N l<EY vase: • 1 N PR6 

F 16 .. S<N,TFI,Bl F 06 5:j(R,R,&> F 06 22(R,P,Y) 
R cePY R,R,t(PBLAR PL8T) N PRe 

I. SET BROEAL. N PRB F 06 86(VG•LV) 
28•'t0N KEY VS2E 3 F 16 45(N,TFI,B) R CBPY/CBMPARE WJTH GND 

F 06-~4(HA,HP,TFF) N PR6 w 
I 

6 SET AI.T Te HA1HP AVG L. BMAG M6DE:(3)•ATT1/RATE2 F 50 25 00203 I-' 
I-' 

N PRB SC C8NT•SCS 



N KEY V~3E. • 
F 06 54(R,R,8) 

L BBRESIOHT eN TGT(C6AS) 
R C6PY 8(TFI,8MIN) . 
N KEY N20E 

F 06 . 20(R,P,Y) 
R C6PY YAW 
N KEY R~S~ • 

F 06 51tCR,R,8) 

2~+101,. BBRESlG~T BN TGT(CSAS) 
. R C6PY R,R,8(TFl•5M!N) 

N KEY N~OE 
F 06.20(R,P,Y) 

R CBPY YAW/CA~C BACKUPS 
N KEY R~S£ . • 

F' 06 SltCR,R,8) 
N PR6 

F 50 25 00203 

~ BMAG M~OE(3>•RATE 2 
SC CBNT ■CMC 
CMC MS0E•AUT6 
MAN ATl(3) ■RATE C~D 

N KEY ENTER 
06 ... 22(R,?,Y) 

~ MBNlTSR MANEUVER 
F' 50 19(R,P,Y) 

R C6MPAR~ TPJ se~UTIBNS 

29♦ 15N PRe 8EF6RE TF1~30SEC 
F 06 .. 85(VG•BBDY) 

~ EMS MeDE•AUTe<AT 30SEC) 
~ SET ET . COUNTING UP/ -

TPl NULL va,s AT TFI~o 
N PRB -

F 06 '+4(H~1HP1TFF) 
N PRB 

F 06 32(TIME TB PER) 

00 

20 

N PRe 
F SO O? 

N KEY V3?EQOE 

so 07 
~ ~MS FUNCTIBNwBFF 

EMS MSOE•STBY 

l. KEY V'+8E(L6AD 0•~ OB) 
F 0'+ 06 I! 110cf)AP 

11111CBN., 
B FIG 

L PR6 
F 06 '+7(IX1IYIZ,WT) 

l. PRB 
F 06 '+8(P,Y TRJM,TLX> 

I,. PRB 
06 lt8(P,Y TRJM,T~X> 

~ BMAG MB0~(3)•RATE 2 
SC•CBNT•CMC 
C:MC MBDE•AUTB 

N KEY V37E20E 

F 0'+ 06 00001 SV 
pooo il'PT I 6N 

B 
NGIN PWR,SPTICS•BN 

ZERB BPTICS ■ 15 SEC 
6PTICS MeDEwCMC 

35 

~ MAN ATT<P) ■ ACC CMD 
N PRB 
~ MAN SIC TB NAV TRACK 

ATT(SXT) 
MAN ATT(3lwRATE CMD 

N KEY V5$E 

N KEY V37E35E 

F 16 35(TIME FReM INT) 
N PRB 

F 16 ~5(N,TFwJNT,B) 

N KEY V57E 
F 51 BB 

N BPTICS MBDE•MAN 

3 

129+20N MAKE 5 SIVB MARKS~1/MIN 4 
(6PTIC$ MBDE•CMC/CHK SV) 

N KEY ENTER(ET•8MIN> 8 
F 1~ ~5(N,TF•INT,6) 

N AFTER ~AST MARK PRB• 
CESSED•KEY V85E 

F 06 53(R,R,I) 
N B6RESJGHT 6N TGT(SXT) 

9+25R COPY t<ET,9HJN) 9 
N PR6 

F 16 45( N1TF•INT1B) 

N KEY V57E 
F' 51 BB 

N MAKE 2 SIVB MARKS 
N 6PTI~S MODE•CM' 
N KEY ENTER(ET•11MlN) 

r 16 ~5(N,T~•lNT,B) 

N AFTER ~AST MARK PRB• 
· c~SSEO•KEV 185E 

F 0~ 5~(R,R,C!> 

10 

11 

w 
I 
I-' 
I\) 

• 



N B6RES!G~T BN TGT(SXT) 
~ cepy R,R,t(ET~12HI~) 1 

CALCU~ATE BACKUPS 
N PR6 

F 16 At5(N,TF•INT,6) 00 

N BPTICS MBOE•CMC 

N PRB<ET~12•30HIN) 
F- 16-~5(N,TFI,MGA) 

N PR6 
F 16 59(DVMD,TFI,DVTPF) 

N PRe 
F 50 01 

N KEY V3~E'+1E 1 
?41 

F O'+ 06(AXIS CBDE) 
N PR6 

F 06 85(VG•BBOY) 
N PRe 

F 06 22(R,P,Yl 
N PRe 

F 06 86(VG•LV) 
N PRe 

F 50 25 00203 35 
N PRe 

06 22(R,P,Yl 
F 50 19(R,P,Y) 

N PRB eErBRE ET•l3 ♦30HIN 
F 06 85(VG•BBDY) 

R ceMPARE. 561,.UTIBNS 

MCCl l,. NU~L V~•S(ET•1'+MIN) 1 
SUNUPN PR6 
29♦30 F 06 '+'+(HA,HP,TF'F) 

- N PRB 

F 06 32 ( TIME Te PER) 
N PRe 

F 50 07 
N KEY V37EOOE 

50 07 

L. KEY V'+8E(~BAD 0,5 DB) 
F O'+ 06 ff 110~AP 

11111CeN• 
B FIG 

~ PRe 
F 06 '+7( IX, IVIZ,WT) 

L,, PRe 
F 06 '+8(P,Y TRIM,Tl,,X) 

I.. PRe 
06 4&(P,Y TRIM,Tl,.X) 

N KEY V58E 

N KEY V37E35E 1 

F 16 35 ( TIME F'RB H INT) 
N PRe 

F 16 45(N,Tf,.INT,B) 

N KEY V85E . 
F 06 5;3(R1R,I) 

N BBRESIGHT 6N TGT(SXT) 
R CBPY l(~T•16MIN) 1 
N PR6 

F 16 45(N,Tr•INT,e) 

N KEY V57E 
F' 51 ee 

N BPTICS MBDE•MA N 
N MAKE 2 SJVB MARKS 
N KEY ENTER(ET~l&MIN) 

F' 16 '+5(N,TF•INT,B) 

N AFTER LAST MARK PRB• 
CE;SSEO.,l<EY YB!:iE 

F 06 53(R,R,C) 
N BBRESIGHT 6N TGT(SXT) 

9+35R CBPY R,R,t(ET•19~JN) 
CALCU~ATE BACKUPS 

N PRB 
F 16 '+5(N,TF•INT,B> 

N BPTICS MBDE•CMC 
GIN PWR,BPTICS~BFF 

N KEY V56E 

N PRB(ET , 19+30HI N) 
F- 16 45( N,TFI,MGAl 

~ BMAG M60E(3)•ATT1/RATE2 
SC CBNT•SCS 
MAN ATT(P).ACC CMD 
BORESIGHT BN TGT(CBAS) 
MAN ATT(3)"RATE CMD 

N PR~ 

17 
18 

19 

r 16 59(DVMD,TrI,DVTPr) 
N PRe 

F" 50 07 

N KEY V37E41E 20 
41 

F' 04+ 06(AXIS CBDE) 
N PRB 

F' 06 85(VG•BBDY) 
N PR6 

F' 06 22(R,P.,Y) 

,. 

w 
I 
I-' 
w 



MCC2 

POO 

N PRB 
F 

N PRB 
F 

N PR8 

06 86(VG•LV) 

50 25 00203 

06 22(R,P,Y) 
L BBRESI~HT BN TGT(C9A$) 

F 50 19(R,P,Yl 

N PRB BEPBRE ET•20•30MlN 
F' 06 !5(VG•BBDY) 

R CBMPARE se~uTIBNS 

L NU6L V~ 1 S(ET~21~IN> 
PRe N 

F' 06 4 .. (~A,HP,TF'F') 
N PRe 

F 06 32(TIME 
N PRB 

F 50 07 
N KEY V37EOOE 

50 07 

~ EMS FUNCTl9N•OV 
1,.BCK THC 

N KEY V3?E~ 7f; 

T6 PER) 

F 16 83(DV•BBOY) 
L CBMP LT•BFF/THC ARMEO 

ATT OB•MlN rr NeRMA~ 
LBS RATES ARE LBW 

N KEY V60E AS REQUfRED 

N 
29+~0 

L 
I,. 

L 

29+55 

30+001,. 
2 

KEY V83E • 
F 06 54t(R1R1e) 

~MS MBDE•AUTB 
REM.BVE NBRMAL ~es 

RA!ES AS PER C~ARTS 

BRAKING GATES• 
R!!!l,O NM/ROBT Te 25FPS 
FhC,5 NM/ROBT TB 15FPS 
R;0,25NM/ROBT re 10FPS 
R~lOOOF!T/RDBT TB 5FPS 

STATIBN KEEPING 

24 

w 
I 
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4.o Backup Technigues 

The purpose of this section is to describe the methods by which 

the rendezvous maneuvers will be monitored onboard and define techniques 

for completing the mission in the event of PNGS malfunction. It is not 

an objective of this document to specify the circumstances under which 

the rendezvous will be terminated or the systems performance limits that 

will require alternate maneuver solutions to be used. These factors will 

be controlled through the Apollo Data Priority Coordination Meetings, and 

the Mission Rules Documents. 
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Two general requirements exist for Guidance and Control backup 

techniques. The first requirement is for assessment of system performance 

during apparently normal operation. This monitoring function is carried 

out during translation by observing critical parameters such as attitude 

errors, vehicle rates and VG, and during determination of maneuvers by 

independent calculations of the Va's. The se~ond requirement for back­

up is for taking over either attitude or translation control using 

alternate systems and/or targeting when an obvious failure occurs. The 

techniques for monitoring are treated in section 4.1. 

For purpose of failure procedures development the G & N system is 

considered to be comprised of three major subsystems: 

(a) Optics 

(b) IMU 

(G) CMC 

Techniques for completing the mission for each of the above failures 

are presented in sections 4.2, 4.3, and 4.4. It is assumed that since 

no onboard targeting capability _exists for maneuvers prior to TPI, 



• 

backup for arry PNGS failure prior to NSR will be to use the SCS and 

EMS to complete the maneuvers through NSR, or to terminate the 

maneuver sequence, which ever is specified in the mission rules. 

Because of the number of possible failure modes, procedures 

will be developed only for total failure of the subsystems listed 

above. Partial failures wherein some performance can be realized 

from the failed system will be handled by the crew utilizipg what­

ever data can be salvaged by combining the primary and backup 

techniques. 
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4.l PNGS Monitoring 

The NCCl, NCC2, and NSR maneuvers will be targeted by the MSFN 

and can not be determined onb oard. Monitoring for these maneuvers 

therefore consists of observing t he SPS start sequence attitude 

errors, attitude r ates, and other parameters and manual backup of 

engine shutdown using the EMS AV counter. If PNGS fails to start 

the SPS, t he SCS will be used. Subsequent t o NSR, range and target 

elevation data will be called as time permits by the CSM pilot in 

the LEB calling v85 with the SXT boresighted on the SIVB. The data 

will be plotted by t he LM Pilot on the SIVB centered relative motion 

graph shown in Figure ·4.1. This information will be valuable to 

determine qualitatively the ellipticity of the CSM orbit, TPI arrival 

time, magnitude of TPI maneuver, and approach angle. PNGS targeting 

of the TPI and midcourse maneuvers will be .monitored by the use 

of the flight charts shown as Fi gures 4-2, 4-3, and 4-4. These 

charts will be used t o determine maneuver components along the line 

of sight to the SIVB, normal t o the line of sight inplane, and out 

of plane. The TPI chart will be used in the monitoring mode as follows: 

(a) After the last SIVB mark prior t o TPI, the Event Timers will be 

set counting down to TPI ignition. 

(b) At TPI-8 minutes, with the COAS boresighted on the SIVB, 

elevation angle and yaw gimbal angle from v85 and N90 respectively 

will be recorded. These angles will be recorded by the LM pilot, 

on Figure 4-l ' in the block labeled " OPTICS FAIL" in the spaces next to 

e8 and '•• 

(c) At TPI-? minutes, e and ¥8 ' 5 
are re corded in the space above 1e

8 
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and 't'g and range and range rate from V83 are recorded in the 

spaces provided within the block lab led "MONITOR COMP". 

(d) With s
5 

and R
5 

as inputs the lower left graph in Figure 4-2 

will be used to read ~EQ which will be logged in the space provided 

• below R
5

. 

(e) The difference between R
5 

and ~Q then represents the component 

of TPI AV along the line of sight to the SIVB. 

(f) Subtracting gB from 9
5 

will define A~. Entering the upper 

right graph with A9, progressing horizontally to the value of 9
5

, 

and dropping vertically to R
5 

in the lower right graph will determine 

the inplane component of the TPI b.V normal to the line of sight. 

(g) Differencing 'ti 8 and 't' 
5 

results in b.'f' which will be recorded 

in the space below 't' 8. From the tab le of 't'
5 

vs A 't' the value of nom 

A'l'nom will be obtained and recorded below All'. Adding .t:."' to Alf.'nom 

will define ob. 'ti which will be used as an input to the graph in 

place of A9 to determine the right/left component of TPI. 

(h) The three components of TPI will be recorded in the maneuver 

block under the lable "CHART" for comparison with the MSFN and PNGS 

solutions labeled "GND" and "BSKY" respectively. 

By the above process the monitoring solution for the midcourse 

maneuvers will be determined utilizing Figures 4-3 and 4-4. 

A summary of the monitoring data required and time of acquisition 

relative to TPI follows: 

MONlTORING DATA 

DATA UNITS SOURCE TIME-MIN 
TPI MCCl MCC2 

Range .01 NMI V 83 -5 12 19 

Range Rate .1 FPS V 83 -5 12 19 

Elevation Angle .01 DEG V 83 -8 -5 9 12 16 19 

Azimuth Anp;le .01 DEG N 90 -8 -5 9 12 16 19 
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4.2 Optics Failure 

Failure of the Optics subsystem degrades performance of the G & N 

system by preventing SXT alignment of the I.MU and state vector updates 

by SIVB marks. Thus all translation maneuvers would be degraded by 

attitude errors and PNGS targeting for TPI and midcourse corrections 

would be based on MSFN upl ink vectors. The technique for I.MU align­

ment in case of optics fai lure will be to utilize the backup alignment 

programs (P53 and P54) usi.ng the COAS for star sightings. The align­

ment accuracy will be enhanced if the COAS bias errors can be deter­

mined on the first mission day pr ior to G & N power down . Therefore, 

it is planned during t he first 9 hours of the mission to do the Inflight 

COAS calibration as defined in section 4.11.7 of r eference 6.3. 

The method for determining the TPI maneuver will be as follows: 

After N'SR the SCS pulse mode will be selected and the commander will 

control attitude to maintain wings l evel and boresight the COAS on the 

SIVB. The event timer will be set to 52 minutes and holding, awaiting 

the start of the TPI backup sequence. The CSM pilot will monitor 

elevation angle from V83 and when 20 . 0 degrees is reached, the event 

timer will be started counting up. This will establish the time of 

TPI and the measurements 5 and 8 minutes prior to the burn. Use of the 

TPI chart (Figure 4-2) will be similar to that for monitoring as 

defined in section 4.1, except t hat range data will not be used. 

Rather the value of AVFWD will be obtained from the rigat edge scale 

on the lower right graph of Figure 4- 2 . 

Midcourse maneuver data will be obtained in the same manner as for 

TPI. Midcourse charts and maneuver times will be the same as for PNGS 

monitoring; however,simul.ations have shown .that an additional midcourse 

4-'.:) 
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after TPI is required to control arrival time for large trajectory 

errors. The chart for this additional correction is shown as Figure 

4-7, 

A summary of the backup data required for optics failure and time of 

acquisition relative t o TPI follows: 

OPTICS FAIL BACKUP DATA 

DATA UNITS SOURCE TIME FROM TPI - MIN 
TPI B/U MC MCCl MCC2 

Elevation Angle ,01 DEG V 83 
-8 -5 3 6 9 12 16 

Azimuth Angle .01 DEG N 90 

4-6 

19 

-



.. 

4.3 The effect of a failed CM: would be to remove all PNGS attitude 

and translation control capability as well as targeting for the 

terminal phase maneuvers. For CMJ failure prior to NSR the SPS 

under SGS control will be used through NSR if the mission is 

continued. The TPI maneuver will be accomplished by the following 

method: 

(a) After NSR .the ORDEAL will be initialized by slewing the FDAI to 

-15 degrees while the COAS is boresighted on the horizon. 

(b) The SIVB will be tracked at the top of the COAS reticle using 

SGS pulse mode and the event timer will be started counting up from 

52:00 minutes when the FDAI reaches 15 degrees. 

(c) At this time the control will be switched to SGS attitude hold, 

and FDAI yaw angle will be recorded on Figure 4-2 in the space 

labeled 'f'g which is located in the box labeled COMP/PLAT FAIL. 

(d) At 55:00 minutes the SIVB azimuth and elevation angle on the 

COAS will be called out by the connnander and recorded by the LM 

pilot in the spaces labeled '+18 and o<. in the COMP/PLAT FAIL block along 

with 8 8 • 

(e) The LM pilot then determines A9 by adding 7 degrees to-< , e
5 

by adding 27 degrees to ex, and lt,I 
5 

by adding Alf' to 't' 
8 

(f) The graphs on the right side of Figure 4-2 will be used as 

described in section 4.2 to determine the TPI maneuver components 

along and normal to the line of sight. Since no AV can be measured 

4-7 

in the bodyY and Z axes for this failure mode,the up/down and left/right 

components will be converted to burn time using the scales at the 

bottom of Figure 4-2. The forward component will be loaded into the 



EMS and all components executed at 0 .00 on the event timer. 

The above process will be repeated for each of the three midcourse 

maneuvers. The data required are as follows: 

CMC/IMU FAIL BACKUP DATA 

DATA UNITS SOURCE TIME FROM TPI - MIN 
TPI B/U MC MCCl MCC2 

Elevation Angle DEG ORDEAL -8 6 12 19 
Azimuth Angle DEG ORDEAL -8 3 9 16 

~ Elevation Angle .1 DEG COAS -5 6 12 19 
~ Azimuth Angle .1 DEG COAS -5 6 12 19 
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4.4 IMU Failure 

Loss of the IMU results in loss of PNGS attitude and translation 

as for CMC failure. However , if the failure is close to TPI or a mid­

course, a valid solution for the upcoming maneuver might be available. 

Otherwise the t echniques will be identical to those of section 4.3. 
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(28 : 25) 

L 

M 

L 

5 .0 Backup Procedures 

OPT res F All.UR.; 

S/C Control s ,1 - SCS 

THC - Neutral 

Man ATT SW - Roll - R/C 

Pitch - R/C 

Yaw - R/C 

Limit Cycle SIi - OFF 

ATT ueadband S,1 - Min 

Rate S,1 - Low 

SCS Channel Sw - Roll A/C - OFF 

Roll 8/ D - ON 

Pitch - ON 

Yaw - ON 

PMAG Mode S,1 - Roll, Pitch , Yaw - Att 1 Rate 2 

FDAl Scale S,1 - 5/l 

FuAI Select S,1 - l 

FDAI Source SJ - ATT SET 

ATT SET SJ - IMU 

CMC ATT SW - IMU 

Proceed through P34 

Set ORilEAL 

Key V83E 

Set Alt - 140 N .M. 

P,11\ S J - Earth 

FDAl 1 Sw - Orb Rate 

FDAI 2 SIi - Orb Rate 

Slew Up/Down to DSKY R3 

(28:25) 

M PRO 

L Zero FDAI - 1 Error Needles with ATT SET 

FDAI Select Sw - 1/2 
ATT SET Sw - GDC 
GuC Align - Press until FOAI -2 ALIGNS 

L 

M 

L 

PLATFOI¼! FAILURE 

s/c Cobtrol s.i - scs 
THC - Neutral 

Man ATT Sw - Roll - R/C 

Pitch - Min Imp 

Yaw - R/C 

Limit Cycle Sw - OFF 

Att Deadband Sw - Min 

Rate S,1 - Low 

SCS Channel S,1 - Roll A/C - Off 

Roll 8/D - ON 

Pitch - ON 

Yaw - ON 

BMAG Mode Sw - Roll, Pitch, Yaw - Att l Rate 2 

Set Attitude Set •heels - o0 
- Roll 

o0 
- Pitch 

o0 
- Yaw 

FDAI Scale S.I - 5/1 

FDAI Select Sw - 1 

FDAI Source S,1 - ATT SET 

ATT SET S,1 - Gue 
CMC ATT Sw - IMU 

Proceed through P34 

Pitch s/c Down - Boresight on Horizon 

!,;stablish Roll Reference 

Pitch S/C UP - Verify yaw reference with target 

Press G DC Align 

Press S/C Down - Boresight on Hori zon 

Verify Roll Reference 

Set ORilEAL 

Set Alt - 1 40 N.M . 

P,IR SW - Earth 

FDAI 1 Sw - Orb Rate 

Slew Up/Down to '-BALL = 345 . 7° 

L 

(28:25) 

CCMPUTER FAILURE 

S/C Control SIi - SCS 

THC - Neutral 

Man ATT Sw - Roll - R/C 

Pitch - Min Imp 

Yaw - R/C 

Limit Cycle Sw - OFF 

ATT Deadband S ,1 - Min 

Rate Sw - Low 

SCS Channel S ,1 - Roll A/C - OFF 

Roll B/0 - ON 

Pitch - ON 

Yaw - ON 

BMAG Mode S.I - Roll, Pitch, Ya w - Att 1 Rate 2 

Set Attitude Set I/heels - o0 
- Roll 

345 . 7° - Pitch 

o0 
- Yaw 

FOAI Scale Sw - 5/1 

FOAI Select S .I - 1 

FDAI Source S,i - ATT SET 

ATT SET S,1 - IMU 

CMC ATT S w - IMU 

Pitch S/C uown - Bore sight on Horizon 

Set ORuEAL 

Set Alt - 140 N .M. 

P,11\ S,1 - Earth 

FDAI 1 Sw - Orb Rate 

FDAI 2 S,i - Orb Rate 

Slew Up/Down to '-BALL = 345 . 7° 

Zero FDAI - 1 Error Needles with ATT Set 

FDAI Select S ,1 - 1/2 
ATT SET S,1 - ClDC 
GDC Align - Press until FDAI 2 ALIGNS 

r 

Y' .... 



53: JO 

55 : .00 

58 : 00 

59 : 00 

59:JO 

L 

M 

L 

OPTICS FAILURE 

Man Att S,1 - Roll, Pitch, Yaw - Min Imp 

Boresight on Target 

Key VBJE 

Set ET to ~ 100 UP 

L,M when Q = 20 . 0• Start ET and Key N20E 

R Copy yaw angle 

L Pitch s/ c down to 1 . 5° on ball 

M Pre ss Key Release 

Plltl 

R 

L 

M 

Call P41 

Proceed to body 1:1 V components 

Copy 1;,.V 
Boresi ght on target 

Key VJ 4E 

M,R Key VBJE, Copy 

Key N 20E, Copy yaw angle 

R Calculate Up/Down , Forward/Aft , Right/Left 

6 V (Use Computer or Nominal R) 

L 

M 

L 

EMS Function S,1 - iJV Set 

EMS Mode Sw - STBY 

Load AV FWD on Counter 

EMS Function Sw - DV 

Press Key Relea se 

PRO 

Key l'J 7E47E 

EMS Mode Sw - Auto 

SGS Channel Sw - Roll A/ C - ON 

Man A tt Sw - Roll, Pitch, Yaw - R/C 

L 

52 :00 

PLATFOJ¼I FAILURE 

Ya;, Man Att Sw - Min Imp 

Pitch S/C Up - Place Target at Top of Reticle 

Set ET to 52 :00 UP 

When QBALL is 15,0', Start ET, Pitch and Yaw 

Man Att Sw - R/C and Read f-' BALL 

55 :00 L,M,R Reali~ and t:,,, in Reticle and QBALL V8JE-Copy 

R Compute Up/ llown, Right/Left Thrust Times and 

Forward /J. V (Use Computer or Nomiaal R) 

M Key l'J7E41E 

M,R Proceed t o LOCAL VERTICAL DISPLAY of LI V - Copy 

L Boresight on target 

M 

L 

EMS Function Sw - JJV Set 

EMS Mode SW - STBY 

Load l1 V FwD on counter 

EMS Function SW - DV 

Key VJ 4E 

EMS Mode Sw - Auto 

SGS Channel SW - Roll A/C - ON 

Thrust to obta i n desired AV on OSKY Display 59 :00 Thrust Forward to Zero EMS Counter 

M 

L 

'.!!RO 

Man Att Sw - Roll, Pitch, Yaw - Min Imp 

SGS Channel Sw - Roll A/C - OFF 

Thrust Up/llown and Right/Left for Computed Times 

Man Att Sw - Roll, Pitch, Yaw - Min Imp 

SCS Channel Sw - Roll A/C - OFF 

L 

52: 00 

55:00 

R 

L 

59 : JO 

CCMPUTER FAILURE 

Yaw Man Att Sw - Min Imp 

Pitch S/C Up - Place Target at Top of Reticle 

Set ET to 52:00 UP 

When l'IBALL i s 15,0', Start ,.-r, Pitch and Yaw 

Att S,i - R/C and Read '/J BALL 

Read c,<.. and LI 'I in Reticle and QBALL 

Compute Up/Do1o1n, Right/Left Thrust Times and P'orwardAV 

(Use Nominal R) 

Boresight on target 

EMS Function S ,1 - DV Set 

EMS Mode Sw - STBY 

Load Cl V FwD on Counter 

EMS Function Sw - DI' 

EMS Mode S,1 - Auto 

SCS Channel Sw - Roll A/ C - ON 

Thrust Forward to Zero El-tS Counter 

Thrust Up/Down and Right/Left for Computed Tues 

Man Att SW - Roll, Pitch, Ya;, - Min Imp 

SGS Channel Sw - Roll A/C - OFF 

'{' 

"' 



J : 00 

5:00 

6 :00 

9 : 00 

OPTICS FAILURE 

L Boresight on Target 

M, R Key VSJE, Copy 

L 

M 

Key N20E, Copy ya.., an,;le 

EMS Function SW - iJV Set 

EMS Mode Sw - STBY 

Load O f ps on Counter 

EMS Funct i on Sw - DV 

Press Key Rel ease 

PRO 

Key VJ7E47E 

J:00 

M,R Key VSJE, Copy 6 :00 

R 

M 

L 

M 

L 

M,R 

L 

Key N20E, Copy Yaw Angle 

Computer Up/llown, Forward/Aft , Right/Left /H 

(u,.., Nominal or Computer R) 

Press Key Release 

PRO 

E}!S Mode Sw - Auto 

SCS Channel Sw - Roll A/C - ON 

Man ATT Sw - Roll, Pitch, Yaw - R/C 

Thrust to obtain desired /j V on OOKY Di splay 
PRO ASAP 

Man ATT SIi - Roll, Pitch , Yaw - Kin. Imp 

SCS Channel S ,1 - Roll A/C - OFF 

Boresight on Target 

Key VSJE , Copy 

Key N20E, Copy yaw angle 

E}!S Function SIi - DV Set 

E}!S Mode Sw - STBY 

Load O Zps on Counter 

EMS Function SIi - DV 
M Press Key RElea se 

PRO 

9 : 00 

ll: 00 Key VJ7E47E 

12:00 M,R Key VSJE, Copy 12:00 
Key N20E, Copy Yaw Angle 

R Compute Up/Down , FwD/ AFT, Right/Left ,i V 
(Use Nominal or Computer R) 

M Press Key Release 
PRO 
EMS Mode S,1 - AUTO 

L SCS Channel SW - Roll A/ C - ON 
Man ATT SIi - Roll, Pitch, Yaw - R/C 
Thrust to obtain desired 6 V on OOKY Display ASAP 

M PRO 
L Man ATT Sw - Roll, Pitch, Yaw - Min Imp 

SCS ehannel SIi - Roll A/C - OFF 

L 

R 

L 

R 

L 

PLATFOIN FAILURE 

Place TGT a t Top of Reticle 

Man ATT s, - Roll , Pitch , Ya,· - R/ C a nd Read ,,BALL J : 00 

EMS Mode S,1 - STBY 

EMS Function Sw - DV Set 

Loa.i O fps on Count.er 

EMS Function Sw - DV 

Read o(, ~ 'I' and QBALL 6 : 00 

Compute Up/ Down, Fwd/Aft & Right/ Left Thruet Times 

(Use Nominal R) 

SGS Channel Sw - · Roll A/C - ON 

E}!S Mode Sw - AUTO 

Thrust Up/Down, F,10/ AFT and Right/Left for 
computed t imes ASAP 

Man ATT Sw - Roll , Pitch , Yaw - Min Imp 

SCS Channel Sw - Roll A/C - OFF 

Place TGT at Top of Reticle 

Man ATT Sw - Roll, Pitch , Yaw - R/C and Read ,;BALL 9 :00 

EMS Mode Sw - STBY 

EMS Function Sw - DV Se t 

LoaC O f ps on Counte r 

EMS Function Sw - DV 

Read d., 6 fl and QBALL 12 : 00 

Compute Up/ Down, Fwil/ AFT and Right/ Left Thrust times 
(Use Nominal R) 
SCS Channel Sw - Roll A/ C - ON 
EMS Mode SIi - AUTO 
Thrust Up/ Down, F>ID/AFT and Right/Left for 

Computed Times ASAP 

Kan ATT Sw - Roll, Pitch, Yaw - Min Imp 
SCS Channel S,1 - Roll A/C - OFF 

L 

R 

L 

R 

L 

CCMPUTER FAILURE 

Place TGT at Top of Reticle 

Man ATT S,i - Roll , Pitch , Yaw - R/ C and reaci l'BALL 

EMS Mode S,1 - STBY' 

EMS Function S,1 - iJV Set 

Load o fps on counter 

E}!S Function Sw - DV 

Read ol.. • .6 'fa nd QB ALL 

Compute Up/Down, FwO/ AFT and Right/Left Thrust Times 

(Use Nominal R) 

SCS Channel Sw - Roll A/C - ON 

EM S Mode Sw - AUTO 

Thrus t Up/Down, F,ID/ AFT and Right/Left for computed 
tiaes ASAP 

Man ATT Sw - Roll, Pitch , Yaw - Kin Imp 

SCS Channel Sw - Roll A/C - OFF 

Place TGT at Top of Reticle 

Man ATT Sw - Roll , Pitch, Yaw - R/ C and read ,!!.&LL 

EMS Mode Sil - STBY 

EMS Function SW - DV Se t 

Load O fps on Counter 

E}!S Functi on S,1 - DV 

Read o<'.,.11 'I and ~ALL 

Compute Up/Down, ND/AFT and Right/Left Thrust Tlaes 
(Use Nominal R) 
SCS Channel Sw - Roll A/C - 011 
EMS Mode S,i - AUTO 
Thrus t Up/Down, FWD/ AFT and Right/Left f or coaputed 

Ti.mes .AS~ 

Man ATT Sw - Roll, Pitch, Yaw - Min Imp 
SCS Channel Sol - Roll t./ C - OFF 

V1 
I 

(J,) 

• 



16100 

18:00 

19:00 

OPTICS FAILURE 

L Boresight on Target 

M,R Key VSJE, Copy 

L 

M 

R 

L 

Key N20E, Copy Yaw Angle 

El!S Function Sw - DV Set 

El!S Mode Sw - STBY 

Load O fps on Counter 

El!S Function SJ - OV 

Press Key Release 

PRO 

Key V37E47E 
Key VB3E, Copy 

Key N20E, Copy Yaw Angle 

Compute Up/ilown . F,/i)/ AFT, Right/Left 6 V 

(Use Nominal or Computer R) 

EMS Mode 1!11 - AUTO 

SCS Channel Sw - Roll A/C - ON 

Man ATT SW - loll, Pitch, Yaw - R/C 

Thrust to Obtain Desired AV on DSKY Display 
ASAP 

M Key VBJE 

L ,R Control Line of Sight Rates 

L EMS Function S,i - DV Set 

Load O fps on Counter 

EMS Function So' - DV 

When SLA diameter is one degree, reduce ROOT 
by five fps 

16:00 

19:00 

,lhen SLA diameter is two degrees, reduce estimated 
P.Oor to five fps 

L 

PLATFORM FAILURE 

Boresight on Target 

Man ATT SW - Roll, Pitch, Yaw - R/C 

EMS Function SW - DV Set 

El!S Mode Sw - STBY 

Load O fps on Counter 

EMS Function S,1 - DV 

16 :00 

Read GG\l4 'I' arid QJ!A.LL 19 : 00 

R 

L 

Compute Up/Down , ND/A.Pr and Right Left 

Thruet Timee (Ues Nominal~) 

™5 Mode SW - AUTO 

SCS Channel SW - Roll A/C - ON 

Tbruet Up/Down, ND/A.Pr and Right/Lett for 

Computed Times - ASAP 

L,R Control Line of Sight Rates 

L EMS Functi on ~• - DV Set 

Load O fps on Counter 

EMS Function S ,1 - DV 

,/her. SLA diameter is one degree, reduce RDor 
by five fps 

iJhen SLA diameter is t""o degrees, reduce 
estimated ROOT to five fps 

L 

R 

L 

CCMPUTER FAILURE 

Boresight on Target 

Man ATT S,1 - Roll, Pitch , Yaw - R/C 

EMS Function S,i - DV Se t 

EMS Mo~e S,1 - STBY 

Load O fps on Counter 

EMS Function S,1 - DV 

Read ,s;: 1 t;. 'I' and QJ!A.LL 

Compute Op/Down, ND/AFT and Right/Left Thrust 

Times (Uee Nominal R) 

IllS Mode SW I. AUTO 

SCS Channel SW - Roll A/C - ON 

Tbruet Up/Down , ND/AFT and Right/lfrt for 

Computed Times - ASAP 

L,R Control Line of Sight Rates 

L EMS Functio,__,il!,.- DV Set 

Load O fps on Counter 

EMS Function SW - DV 

•hen SLA diameter is one degree , reduce ROOT by 
five fps 

,lhen SLA diameter is t wo degrees, reduce est1-ted 
ROOT to f'.ive t'ps 

V1 
I 
~ 

.. 
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