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UNITED STATES GOVERNMENT
Memorandum

See attached list DATE: April 29, 1968

In reply refer to:
CFeli/Chief, Crew Safety and Procedures Branch Croh1-8M-51

"C" Mission Rendezvous Procedures

fnclosed is a review copy of the "C" Mission Rendezvous Procedures.
(hese procedures are consistent with the 205/101 trajectory as of
mid-April. The work-around for P35 is included as an enclosure to
this memorandum which replaces Pages 2-12, 2-13, and 2-14 of the
subject document.

It is planned to hold a Rendezvous Procedures Review at 9 a.m.,

May 9 in Building L4, Room 276, to receive comments and corrections.
Following the review, the document will be updated and presented
for approval to the Crew Procedures Control Board on May 27, 1968.

For further information, contact Duane K. Mosel, extension 53L40.
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Paul C. Kramer
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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 1k, 1968, Mission Requirements SPD8-R-001.

The purpose of the Rendezvous Procedures Document is to provide
a single source 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 the Procedures Configu-
ration Control Board. Comments should be directed to Mr.
Duane K. Mosel, Crew Safety and Procedures Branch, Flight

Crew Support Division, Extension 53L48.
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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 about 30:00 hr. This time period is divided
into the six segments of Section 2.0, and each is treated
separately in the following 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.



2.1

2-2

NCC1l 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 to 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, NCC1l burn information and the time that an
integral number of orbits prior to TPI is reached will be
uplinked at 22:30 over BDA. Sunset on this orbit will occur
at about 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) to the next
time corresponding to 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 © from V83 and setting the orbital rate for the
altitude H, + H, , where H, and Hj will be obtained from V82,

A P
2



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 manuaily to the track attitude, VB6E 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 NCC1l maneuver parameters will occur. Following this,
the CSM pilot will call the external AV program (P30), the
Commander will perform the EMS AV test, and load the NCC1l AV
magnitude into the EMS. At about 25:45, the CSM event timers
will be synchronized to the NCC1 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 NCC1l burn.

2«3



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 task to be performed in the LEB prior to NCC1
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 NCC1l maneuver will be performed at 26:25. In
the interest of conserving RCS propellant it is planned to
record but not trim the AV 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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NCC2 Maneuver

Shortly after the NCC1l 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 AV 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 }5~fps. et o
® ® fsec SPs BurN TIME
]

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 (POO) will again be called to terminate average g.
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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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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 option for 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 determining 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 will 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 AV. If the up-

8

dated TPI time is more than 18 minutes early or @@ minutes late,

__using the time-limit-elosest—to-the—time predicted by P3HF after

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.

5‘\'6(

P34 will be recalled and the time option-will be-selected, ,f7



Throughout the coelliptical phase, whenever time permits, range
and angle data from 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 thrusting 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 L4.1.

By approximately TPI-4 minutes the decision will be made in
accordance with mission rules as to whether the PNGS TPI
maneuver is usable. If the PNGS solution is 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 V_.'s will be driven to zero by the

G

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%8 minutes to permit taking backup data at +9 minutes
uisng V85 with the SXT boresighted on the S-IVB. Twd more S-IVB
updates will then be made before obtaining final backup data at
12 minutes. At 12 minutes, 30 seconds, the PROCEED from V16 N5
will be keyed which will fix the time of the midcourse maneuver
at TPI+14 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+15 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 midcourse exactly

as the first.
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i jght Control and Br 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+18 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:

R |1.oo Io.5o Io.zs | 0.15‘

R 25 15 10 E;]

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

FPS

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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APOLLO "C" MISSION RENDEZVOUS PROCEDURES

April 1, 1968
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SoJdNpoo0Xg UOTSST [BUTWON 0°€

T-£



P51
22+55

ATT DB=MIN

SCS CHAN(4)mA

BMAG MBDE (3)=ATT1/RATE2
SC CBNTeSCS

G/N PWR,BPTICS=BN

ZERS BPTICSe15 SEC
BPTICS MBDE«MAN

KEY V37ES1E

F 50 25 00015

L MAN ATT(P,Y)=ACC CMD

SUNDN
22+57N

23+00

P52
23+10

MBNITBR FDA!

ACQ ARCTURYS AND VEGA
IN SCT
MAN ATT(3)eRATE CMD
KEY ENTER
F 51 70 STAR CB8DE
MARK BN ARCTURUS
F 50 25 00016
KEY ENTER
F 01770 [00037]]
PRB
F 51 70 STAR CBDE
MARK BN VEGA
F 50 25 00016
KEY ENTER
F 01770 [00036
PRB
06 O5(ANGLE DIFF)
F 50 07
KEY V37ES2E
F O4 06 00005 IMy
[CCO0ZPRIENT

B SEL

— Z zr

ZT Ze Z

|23+15

PRB
F 06 34 [+000_ _TIME
000_ _s BF
*0__o__JALIGN
MAN S/C TO SEF,HEADS=UP
PRB
F 06 22(RsPa2Y)
PRB
MBNITBR FDA! AND

N8 ATT LIGHT
F 50 25 00015

ZERB BPTICS=15 SEC
MAN ATT(P,Y)=ACC CMD
ACQ STARS N SCT
MAN ATT(3)*RATE CMD
KEY ENTER

(AVAILABLE STARSeVEGA,
DENEBJALTAIR)

F 01 70 STAR C8PE 1
CHECK STAR CBDE 1
@PTICS MOBDECMC
PRB

06 92(SHAFT,TRUN)
IDENTIFY STAR 1
BPTICS MOBDE=MAN

F 51 70 STAR CBDE 1
MARK BN STAR 1

F 50 25 00016
KEY ENTER

F 01 70 |[STAR CBDE i
PRO

F 01 7Q STAR CBDE 2

ZERB BPTICS=15 SEC
CHECK STAR CBDE 2
BPTICS MBDE=CMC
PRO

06 92(SHAFT,TRUN)
IDENTIFY STAR 2

23+20

N
SUNUP
2 3+30N

L

POO

24+05N

zZ1 z z ZT

BPTICS MEBDE=MAN

F 51 70 STAR CBDE 2
MARK BN STAR 2

F 50 25 00016
KEY ENTER

F 01 70 [STAR CODE 2
PRE

06 05(ANGLE DIFF)

F 06 93(GYRB TBRG ANG)
PRB

F 50 25 00014
(FBR FINE ALIGN CHECK=
KEY ENTER,RETURN T8 «,
ZERB BPTICS AND USE
THIRD STAR)
PRB
F 50 07
G/N PWRsBPTICSeBFF
ATT DBeMAX

KEY V37EOOE

50 07

SET GRDEAL
KEY V82E
F 06 44 (HAHP,TFF)
SET ALT T8 HA,HP AVG
PRB
F 06 32(TIME T8 PER)
PRB
06 32(TIME T8 PER)
KEY V&3E .
F 06 B54(Rs»R»8)
SLEW ORDEAL FDA]l T6 o
PRS 5
06 54(RsR,©)

ek



P52
24425

N

N

L
SUNDN
24+27N

)
N

24435

ATT DBeMIN
BMAG MBDE(3)eATT1/RATER2
SC CONTeSCS
G/N PWR,BPTICS=8BN
KEY V37ES2E
F 04 06 00005 IMyY
ROOQIBRIENT
B SEL,
(IF P52 COMPLETED BN
PREVIBUS NIGHT PASS)
PRO
F 50 28 00015
ZER® BPT]CSe15 SEC
MAN ATT(P,Y)eACC CMD

ACQ STARS IN SCT

MAN ATT(3)«RATE CMD

KEY ENTER

(AVAILABLE STARSe
ARCTURUS, VEGA,DENEB)

F 01 70 STAR CBDE |}
CHECK STAR C8DE 1
BPTICS MBDECMC
PRB

06 92 (SHAFT» TRUN)
IDENTIFY STAR 1
BPTICS MBDE«MAN

F 51 70 STAR CBDE 1
MARK 8N STAR 1

F 50 25 00016
KEY ENTER

F 01770 [GTAR CBOE 1]
PRB

F 01 70 STAR CBDE 2

ZERS BPTICSe15 SEC
CHECK STAR CBDE 2

R4+45

POO

L
b4+50N

Zz &

BPTICS MBDE~CMC
PRO

06 92(SHAFT, TRUN)
IDENTIFY STAR 2
BPTICS MADE=MAN

F 51 70 STAR CBDE 2
MARK 8N STAR 2
F 50 25 00016
KEY ENTER
RF 01 70 STAR CBDE 2
PRB
06 OS5 (ANGLE DIFF)

F 06 93(GYR8® TBRQ ANG)
PRB
F 50 25 00014
(FBR FINE ALIGN CHECK=
KEY ENTER,RETURN TB =+,
ZERB BPTICS AND USE
THIRD STAR)
PRB
F 50 07
G/N PWR,BPTICS=08FF

KEY V37EQOE
50 07

ALIGN GDC T8 IMU
ATT DBsMAX

VERIFY ORDEAL

KEY V82E

F 06 44(HA2HP,TFF)
SET ALT T8 HA,HP AVG
PRB

F 06 32(TIME T8 PER)
PRB

06 32(TIME T® PER)
KEY V83E

.
N

| N
20
lb4+55

rZy

SUNUPN
25+00

Zz Z2 L ZZ

POO

F 06 54(RsRy8)
SLEW BRDEAL FDA] T8 @
PRS .
06 54(RsR»8)

BMAG MBDE(3)=RATE 2

SC CBNTeCMC

CMC MBDEs=AUTH

KEY V37E20E
F 04 06 00Q01 sV

' ROQO{IBPTIGN
B

G/N PWR,B8PTICSe«8BN

ZERB BPTICSel5 SEC

BPTICS MBDE=CMC

MAN ATT(P)=ACC CMD

PRS

MAN S/C T8 NAV TRACK
ATT(SXT)

MAN ATT(3)=RATE CMD

KEY VSB8E

KEY VB6E
KEY VS7E
F 51 BB
BPTICS MBDEeMAN
MAKE 30 SIVB MARKS=1/MIN
(BPT]CS MODE«CMC/CHK SV)
BPTICS MODE=CMC
G/N PWR,BPTICSe8FF
KEY ENTER
51 BB
AFTER LAST MARK PRBw
CESSEDeKEY VS6E

KEY V37EOQOQE

E-k



25+35
P27

P30
25+40

25445

51 BB
L UP TLM(MDC)=ACCEPT
MBNITBR GND UPLINK(BDA)
R RECBRD VBICE DATA
L UP TLM(MDC)eBLBCK

N KEY V37E30E

F 06 33 [+000264T1G
00025 «f8F
024+ 10NCCH

N PR®&

F 06 82 p0O0S1«3DVXL
0001« 3OVYL
0235 PVZL,

N PR®
F 06 42(HA)HPsDV)
R COPY DV

L. PERFBRM EMS DV TEST
EMS FUNCTIONeBFF
CB EMS(2)eCLBSED
EMS MODE=STBY
EMS FUNCTIBNeDV SET
LBAD *1586.8
EMS FUNCTIBNeDV TEST
(SPS LT OFF AT DVseQel})
EMS MBDE=STBY

L EMS FUNCTIONsDV SET
LBAD DVei2
EMS FUNCT!8NeDV

N PRB
F 316 35(TF1)

L SET MDC DET 3

N SET LEB DET
N PRS
F 16 45(N,TFI2MGA)

N

N
P40

N
N
L
N

P5+50
-

N

52
5+55

PRB
F 50 07

KEY V37E40OE

F 06 86(VGe=lV)
PRB

F 06 22(R,P)Y)
PRO

F 50 25 00203
BMAG MBDE(3)=RATE 2
SC CONTeCMC
CMC MBDEe«AUTO
KEY ENTER

F 06 22(RsPyY)
MONITBR MANEUVER

F 50 19(R,P,Y)
PRE

F 50 2% 00204

ATT DBsMIN
BMAG MOBDE(3)=ATT1/RATER2
SC CONTeSCS

G/N PWR,BPTICS=BN
KEY V37EB2E
F 04 06 00005 1My
BO00IBRIENT
B SEL
PRS
F 50 25 00015

2ERB BPT]CSe15 SEC
MAN ATT(PsY)=ACC CMD

ACQ STARS IN SCT
MAN ATT(3)=RATE CMD
KEY ENTER

37 N

P6+00

35

pée+05
30

28

N KEY

(AVAILABLE STARS=SPICA,
ALKAID,ARCTURUYS)

F 01 70 STAR CBDE |
CMECK STAR CODE 1
BPTICS MBDE=CMC
PR

06 92(SHAFTsTRUN)
IDENTIFY STAR 1
BPTICS MBDE=MAN

F 51 70 STAR CBDE 1
MARK BN STAR 1

F 50 25 00016

KEY ENTER
F 01 70 STAR CODE |

28

eRE

F 01 70 STAR CODE 2
ZER® BPTICS<15 SEC
CHECK STAR CBDE 2
BPTICS MBDE=CMC
PRS

06 92(SHAFT, TRUN)

IDENTIFY STAR 2
BPTICS MBDE=MAN

F 51 70 STAR CBDE 2
MARK BN STAR 2

F 50 25 00016

ENTER
STAR CBDE 2

F 01 70

PRO
06 05(ANGLE DIFF)

F 06 93(GYRB TBRG ANG)
PRS

F 50 25 00014
(FBR FINE ALIGN CHECKe
KEY ENTER,RETURN T8 «,
ZER® BPTICS AND USE
THIRD STAR)
PRE

18

20

n-€



POO

P40

26+10

F 50 07
G/N PWR,BPTICS=8FF

z

N KEY V37EOCE

50 07

N KEY V37E4QE
F 06 86(VG=LV)
N PR@
F 06 22(R,P,Y)
N PR®
F 50 25 00203
L BMAG MBDE (3)=RATE 2
SC CONTeCMC
cMC MBDEwAYTS
N KEY ENTER
F 06 22(R,P,Y)
L MBNITBR MANEUVER
F 50 19(R,P,Y)

N PERFBRM SXT/STAR CHECK
ZERG OPTICSe15 SEC
BPTICS MBDE-CMC
KEY V#iIN9}

F 21 92

L==0=—=|TRUN
R
KEY ENTER AND OBSERVE
8PTICS DRIVE T8 STAR
KEY RLSE
F 50 19(R,P,Y)

26#15N LEAVE NAV BAY

R IGNITIBN PREPARATIBN
MN BUS TIE(2)BN

17

15

10

26+20L

SPS HE VLV TB(2)eRP
SPS HE VLV(2)eAUTH
L  FCSM SPSA=BN

L GMBL DRIVE AND TRIM CHK 9
TVC SERV PWR 1=AC1/MNA
TVC SERY PWR 2eAC2/MNR
HAND CBNT PWRw{

RHC 2<ARMED
GMB, MBTBRS

PITCH § = STARTe=B8\
YAW 1. = STARTeBN
THC=CW
RMC=VER]FY NB MTVC

GMB|, MBTERS g

PITCH 2 = START=8N
YAW 2 » START=8N
CONFIRM GPI TRIM CBNT
SET GPlePTRIM(=1¢06)
YTRIM(=060)
RHC=VER]FY MTVC
THC=NEUTRAL
HAND CBNT PWR=BBTH

L ALIGN S/C IN RBLL 7

M KEY ENTER
F 06 22(R,PsY)
L MBNITBR MANEUVER
F 50 19(R,PaY)
L MAN ATT(3)«RATE CMD
RATE«H]GH
DIRECT RCSeBN
BMAG MBDE(3)«ATT{/RATER

ALIGN GDC 168 IMU S
M KEY PRB

k<

P6+25|,

X [ 4

NCC1

P o) QT I

-

F 50 25 00204

M KEY ENTER 4

X XX

MBNITBR GMBL DRIVE TESY
VERIFY GPl TRIM

06 40(TFI,VG,DVM)
VERIFY MDC DET
VERIFY VG
CHECK C/W L AMPS
FDAl SCALE=5/5 3
VERIFY S/C ATTITUDE

DV THRUST A=NBRMAL (1MIN)
THC=ARMED )
RHC(2)=ARMED
FLT RCDR~RECBRD
EMS MBDE=AUTB(AT 30SEC)
MBNITBR DVM
PERFBRM ULLAGE (AT 15SEC)
F 50 99(TF1,VGsDVM)
VERIFY ENGINE TRIM
KEY ENTER BEFBRE TFIs0 0
06 40(TGB,VG,DVM)
STBP ULLAGE
MBNITBR FDAI,PC GAUGE
MBNITBR VALVES BPEN
MBNITOR DSKY
DV THRUST A=BFF (TGB=0)
F 16 40(TGB,VG,DVM)
MBNITOR VALVES CLBSED

GMBL MBTBRS

PITCH 2e8FF

YAW 28FF

PITCH 1sBFF

YAW 1e8FF

TVC SERVB PWR(BBTH)=8FF
EMS MBDE«STBY
FLT RCDR=BFF
PR

F 06 85(VG=BBDY)

THC=LBCKED

PR®

G-¢



POO

F Q6 44 (HA HPaTFF)
PRB

F 06 32(TIME T8 PER)

| PRO

F 50 07
KEY V37EQOE

50 07
ENTER NAV BAY

EMS FUNCTIBNeBFF

FDAL SCALE=5/1
RATEwLOW

DIRECT RCSe8FF

FCSM A=RESET/BVERRIDE
MN BUS TIE(2)«BFF

KEY V48E(DAP _LBAD)
F 04 Q6 AP
ONe

B FIG

PRO
F 06 47 HO018241X
#005734|1Y12Z
+;;;380LY
PREB

F 06 48 [FOOTsOFPTRIM
000¢73YTRIM
020104TLX

PRB

SUNUPL
F6¢30

N
P20

T ZC

N

N
N

|26+35N
N

N
k7+ooN
N

[POO

)

06 48(P,Y TRIM,TLX)

BMAG MODE(3)=RATE 2
SC CONT=CMC

CMC MBDE=AUTB

KEY V37E20E

F O& 06 00001 sv

[O00T6PT 10N
B

G/N PWR,BPT]CS=8BN

ZERD OPT]CSe15 SEC

BPTICS MODE=CMC

MAN ATT(P)=ACC CMD

PRE

MAN S/C T8 NAV TRACK
ATT(SXT)

MAN ATT(3)=RATE CMD

KEY V58E

KEY V86E
KEY V57E

F 51 BB
8PTICS MBDE=MAN
MAKE 25 SIVB MARKS=1/MIN
(BPTICS MBDE~CMC/CHK SV)
BPTICS MBDE=CMC
G/N PWR,BPTICS=8FF
KEY ENTER

51 BB

AFTER LAST MARK PR@w
CESSEDeKEY 56E

KEY V37EQOE
51 BB
SET BRDEAL

4 & Z zr z

[e7+05

P27 R

P30

KEY V82E
F 06 44(HAJHP,TFF)
SET ALT T8 HA,HP AVG
PRB
F 06 32(TIME T8 PER)
PRB

06 32(TIME T8 PER)
KEY V83E
F 06 54(RsR,0)
SLEW BRDEAL FDAI T8 @
PRB .

06 54(RsR,8)

UP TLM(MDC)~ACCEPT
MBNITBR GND UPL INK(M[_A)
RECORD VBICE DATA
(DECISIBN=NCC2eRCS/SPS)
UP TLM(MDC)=BLBCK

KEY V37E30E

F 06 33 #000274TIG
00030 +8F
+#000.,00NCC2

PR®
F 06 82

PRS
F Q6 42(HA,HP,DV)
COPY DV

PERFBRM EMS DV TEST
EMS FUNCTION=BFF

CB EMB(2)=CLBSED

EMS MBDEeSTBY

EMS FUNCTION=DV SET
LBAD +1586+8

EMS FUNCTIBN=DV TEST

9-¢



ZZT Z

Z

274 10N
P40

N

27+15

(SPS LT BFF AT DVzwQe1)
EMS MBDEeSTBY

EMS FUNCTIBN«DV SET
LBAD DVel2
EMS FUNCTIBNeDV

PRS
F 16 35(TF1)
SET MDC DET
SET LEB DET
PRE
F 16 &5(N,TF1,MGA)
PRB
F 50 07

21

KEY V37E4OE 20

F 06 86(VGelLV)
PRO

F 06 22(R,P,Y)
PRB

F 50 25 00203
BMAG MBDE (3)=RATE 2
SC CBNTeCMC
CMC MBDEwAUTH
KEY ENTER

F Q6 22(R,P,Y)
MBNITBR MANEUVER

F 50 19(R,P,Y)

PERFBRM SXT/STAR CHECK
ZER8 BPTICSe15 SEC
BPTICS MBDE«CMC
KEY V4IN9}LE

F 21792

15

27 +250,

KEY ENTER AND BBSERVE

BPTICS DRIVE T8 STAR
KEY RLSE
F S0 19(R,P,Y)

R7+20N LEAVE NAV BAY

R IGNITION PREPARATIBN
MN BUS TIE(2)sBN
SPS HE VLV TB(2)=8P
SPS HE VLV(2)wAUTS

L FCSM SPSAeBN

.. GMBL DRIVE AND TRIM CHK
TVC SERV PWR 1=AC1/MNA
TVC SERV PWR 2=AC2/MNB
HAND CBNT PWRe1
RHC 2=ARMED
GMB|, MBTORS

PITCH 2 = START=6N
YAW 2 = STARTe=8N
CBNFIRM GP] TRIM CBNT
SET GPI=PTRIM(=1+09)
YTRIM(w0e73)
RHCe«VERIFY MTVC
THC NEUTRAL
HAND CBNT PWR«BBTH

L ALIGN S/C IN ROLL

B <

KEY ENTER

F 06 22(R,PsY)
MBNITOR MANEUVER

F 50 19(R,PyY)
MAN ATT(3)=RATE CMD
RATE=HIGH
DIRECT RCSeBN
BMAG MBDE(3)=ATT1/RATER2

-

ALIGN GDC T6 IMU

M
M
(.

10
L
M

IS UNDN

P7+27L,
9 L
M
L
8 M
L
L
NCC2 M
27+30
L
R
M
7 b
R
k
5 M
M

KEY PR®
F 50 25 00204
KEY ENTER
MBN]TBR GMBL DRIVE TEST

VERIFY GP! TRIM
Q06 40(TF1,VG,DVM)
VERIFY MDC DET
VERIFY VG
CHECK C/W LAMPS
FDAl SCALE=5/5
VERIFY S/C ATTITUDE

DV THRUST A=NBRMAL (IMIN)
THC»ARMED
RHC (2)=ARMED
FLT RCOReRECERD
EMS MBDE=AUTB(AT 30 SEC)
MBNITBR DVM
PERFBRM ULLAGE (AT 15SEC)
F 50 99(TF1,VGsDVM)
VERIFY ENGINE TRIM
KEY ENTER BEFBRE TF1s0
06 40(TGO,VGSDVM)
STBP ULLAGE
MENITOR FDAI,PC GAUGE
MBNITBR VALVES BPEN
MBNITBR DSKY
DV THRUST A=BFF (TGE=0)
F 16 40(TGO,VG,DVM)
MENITBR VALVES CLBSED

GMBL MOTBRS
PITCH 2=8FF

YAW 2¢8FF

PITCH 1=BFF

YAW 1=8FF

TVC SERVB PWR(BBTH)=8FF
EMS MBDEwSTBY
FLY RCDR=BFF
PRB

&

1

0

w
o



POO

F 06 85(VGwBBDY)
L NULL VG'S
THC=LBCKED
M PRE
F 06 44(HASHP)TFF)
M PRB
F 06 32(TIME T8 PER)
M PRB
F 50 07
M KEY V37EOQOE

50 07
M ENTER NAV BAY

L EMS FUNCTIBN BFF
FDAI SCALEeS5/1
RATE=LBW
DIRECT RCSeB8FF
FCSM A=RESET/BVERRIDE
R MN BUS TIE(2)=08FF

L KEY V4BE(DAP LBAD)

F 04 06 N 1103DAP
11111CBN»
B FIG
L PR6

F 06 47

+00182 4|1 X
+005731Y12
+318386WT

L PRB

P30

27 +35

Z2ZT Zz

J

=001+ 09PTRIM
e000:73YTRIM
*020104TLX

06 48(P,Y TRIM,TLX)

F 06 48

PRS

KEY V37E30E

F 06 33 F00027,|T1G
+00059 4/8F

#0540+ 5ONSR

w0083 8DV XL

+0002 vyL

=0213e1DVZL
PRB

F 06 42(HAsHP,DV)
C8PY DV

PRB
F 06 82

PERFBRM EMS DV TEST
EMS FUNCTION=BFF
CB EMS(2)«CLBSED
EMS MBDE=STBY
EMS FUNCTIBN=DV SET
LOBAD +1586.8
EMS FUNCTIBN=CV TEST

(SPS [T 8FF AT DVse0el)

EMS MIDE~STBY

EMS FUNCTIBNsDV SET
LBAD DV=i2
EMS FUNCTIBN=DV

PRS
F 16 35(TFI)
SET MDC QET
SET LEB DET
PRE
F 16 45(N,TFI,MGA)

P40

N

27+4O0N
P52

=

24

Ly ZT Z

PRB
F 50 07

KEY V37E40E
23
F 06 86(VGelLV)
PR8
F 06 22(RsP,Y)

PRB '
F 50 25 00203
BMAG MBDE(3)=RATE 2

SC CBNT=CMC
CMC MBDE=AUTSH
KEY ENTER
F 06 22(R,P,Y)
MBNITBR MANEUVER
F 50 19(R,P,Y)
PRS

F 50 25 C0204

ATT DB=MIN

BMAG MBDE(3)=ATT1/RATER
SC CBNTeSCS

G/N PWR,BPTICS=EN

KEY V37E52E 20
F 04 06 00005 IMU
[COC0FsRIENT
B SEL
PRE
F 50 25 00015

ZER® BPTICS=15 SEC
MAN ATT(P,Y)=ACC CMD
ACQ STARS IN SCT

MAN ATT(3)=RATE CMD
KEY ENTER

(AVAILABLE STARS=~

8-t



27445

*

ALPHERATZ,FERMALHAUT, F 50 07
DIPHDA) N G/N PWR,BPTICS=BFF
F 01 70 STAR CBDE 1
CHECK STAR CBDE 1 N KEY V37EQOE
BPTICS MBDE«CMC POO
PR 50 07
06 92 (SHAFT,TRUN)
IDENTIFY STAR 1
BPTICS MBDE=MAN N KEY V37E4OE
F 51 70 STAR CBDE i |40
MARK BN STAR 1} 18 F 06 86(VGeLV)
F 50 25 00016 N PR
KEY ENTER F 06 22(R,P,Y)
F 01770 [GTAR CBDE 1 N PRS
F 50 25 00203
PRB L BMAG MBDE(3)=RATE 2
F 01 70 STAR CSDE 2 SC CBNT=CMC
ZERB BPTICS«15 SEC CMC MBDE=AUT®
CHECK STAR CBDE 2 N KEY ENTER
BPTICS MBDE=CMC F 06 22(RsPsY)
PRO L MBNITBR MANEUVER
06 92 (SHAF T, TRUN) F 50 19(RsPsY)
IDENTIFY STAR 2
BPTICS MBDE MAN N PERFBRM SXT/STAR CHECK
F 51 70 STAR CBDE 2 ZERB BPTICS=15 SEC
MARK 8N STAR 2 14 BPTICS MBDE=CMC
F 50 25 00016 KEY V41N91E
KEY ENTER F 21 92 [———s_Jsi
F 01 70 [GTAR CBDE 7] __e___|TRUN
PRB B
06 05(ANGLE DIFF) KEY ENTER AND BBSERVE
F 06 93(GYRE TBRQ ANG) BPTICS DRIVE T® STAR
PR KEY RLSE
F 50 25 00014 15 F 50 19(RsPsY)
(FBR FINE ALIGN CHECK=
KEY ENTER,RETURN T8 %, [27+50N LEAVE NAV BAY
ZERS BPTICS AND USE
THIRD STAR) R JGNITIBN PREPARATIBN
PR MN BUS TIE(2)=8N

13

12

10

SPS HE VLV TB(2)=BP
SPS HE VLV(2)=AUTH
L FCSM SPSA=BN

L GMBL DRIVE AND TRIM CKK 9
TVC SERV PWR 1=AC1/MNA
TVC SERV PWR 22AC2/MNB
MAND CBNT PWRe1
RHC 2+ARMED
GMBL MBTBRS

PITCH 1 = START=6N
YAW 1 = START=6N
THC=CW
RHC*VERIFY N8 MTVC
GMBL MBTBRS
PITCH 2= START=BN
YAW 2 » START«8N
CONFIRM GPI TRIM CONT
SET GPI«PTRIM(=1409)
YTRIM(=0473)
RHC*VERIFY MTVC
THC=NEUTRAL
HAND CBNT PWR=~BBTH 7
ALIGN S/C IN RB8LL

KEY ENTER

F 06 22(RsPsY)
MBNITBR MANEUVER

F 50 19(RJPLY)
MAN ATT(3)=RATE CMD
RATE=H]GH
DIRECT RCS=8N
BMAG MBDE(3)=ATT1/RATE?

27+55L ALIGN GDC T8 IMU

M KEY PRB
F 50 25
KEY ENTER

00204
M

6-¢



-

X XXX

NSR
SUNUP
28+00L

Pyl rXa

MBNITBR GMBL DRIVE TEST
VERIFY GPl TRIM

06 40(TF1,VG,DVM)
VERIFY MDC DET
VERIFY VG
CHECK C/W [LAMPS
FDAl SCALE-5/5 3
VERIFY S/C ATTITUDF

DV THRUST A=NBRMAL (1MIN)
THC <ARMED 1
RHC (2) *ARMED
FLT RCDR«RECBRD
EMS MBDEwAUTB (AT 30SEC)
MBNITBR DVM
PERFBRM ULLAGE(AT 15SEC)
F 50 99(TF1,VG,DVM)
VERIFY ENGINE TRIM
KEY ENTER BEFBRE TFls0 O
06 40(TGB,VG,DVM)
STBP ULLAGE
MBNITBR FDA1,PC GAUGE
MBNITBR VALVES BPEN
MBNITBR DSKY
DV THRUST A«8FF(TGB=0)
F 16 40(TGB,VG,DVM)
MBNITBR VALVES CLBSED

GMBL MBTERS

PITCH 2«8FF

YAW 2e8FF

PITCH 1eBFF

YAW 1=BFF
TVC SERVE PWR(BSTH)=8FF
EMS MBDEeSTRY
FLT RCDR=8FF
PRB

F 06 85(VGwBBDY)
NULL VG'S
THC=.8CTKED

PO0O

[28+05

PRS
F 06 44 (HA»HP,TFF)

I PRB

F 06 32(TIME T8 PFR)
PRB

F 50 07
KEY V37EOQOQE

50 07
ENTER NAV BAY

EMS FUNCTIEBN=BFF

FDAI SCALE~5/1
RATE=LBOW

DIRECT RCS=OFF

FCSM A=RESET/BVERRIDE
MN BUS TIE(2)«=BFF

KEY V48E(DAP LBAD)

F 04 06 02D AP
11111CON=

B FIG

PRB
F 06 47 [+00177.4Ix
+005634|IY12Z

+311244WT

PRB
F 06 48(P,Y TRIM,TLX)

PRS
06 48(P,Y TRIM,TLX)

28+ 10N
P20
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L.0 Bac echnigues

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.

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 Vé's. The second 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 L4.1.

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

considered to be comprised of three major subsystems:

(a) Optics
(v) I™MU
(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,
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backup for anmy 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 utilizing what-

ever data can be salvaged by combining the primary and backup

techniques.



4.1 PNGS Monitoring

The NCCl, NCC2, and NSR maneuvers will be targeted by the MSFN
and can not be determined onboard. Monitoring for these maneuvers
therefore consists of observing the SPS start sequence attitude
errors, attitude rates, and other parameters and manual backup of
engine shutdown using the EMS AV counter. If PNGS fails to start
the SPS, the SCS will be used. Subsequent to 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 the LM Pilot on the SIVB centered relative motion
graph shown in Figure'h.l. 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 Figures 4-2, 4-3, and 4-L. These
charts will be used to determine maneuver components along the line
of sight to the SIVB, normal to the line of $§ight inplane, and out
of plane. The TPI chart will be used in the monitoring mode as follows:
(a) After the last SIVB mark prior to 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 N9O respectively
will be recorded. These angles will be recorded by the IM pilot,

on Figure 4-1 in the block labeled "OPTICS FAIL" in the spaces next to

68 and V..

(c) At TPI-5 minutes, 65 and Wy are recorded in the space above‘e8

-3



and W 8 and range and range rate from V83 are recorded in the
spaces provided within the block labled "MONITOR COMP".

(d) With 95 and 35 as inputs the lower left graph in Figure L4-2

will be used to read quEQ which will be logged in the space provided
below R..
ow 5

(e) The difference between §5 and ﬁREQ then represents the component
of TPI AV along the line of sight to the SIVB.
(f) Subtracting 6g from 95 will define A@. Entering the upper

right graph with A6, progressing horizontally to the value of 95,

and dropping vertically to R_. in the lower right graph will determine

>
the inplane component of the TPI AV normal to the line of sight.
(g) Differencing Y g and \.)5 results in AYwhich will be recorded
in the space below w8. From the table of WS Vs Avnom the value of
Avnom will be obtained and recorded below AW. Adding AW to Awnom
will define § AY which will be used as an input to the graph in
place of A6 to determine the right/left component of TPI,
(n) 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 L-L.

A summary of the monitoring data required and time of acquisition

relative to TPI follows:
MONITORING DATA

DATA UNITS | SOURCE == Tlgféle -
Range .01 NMI vV 83 -5 12 19
Range Rate .1 FPS | v 83 | -5 12 19
Elevation Angle .01 DEG vV 83 -8 | -5 9 | 12 16| 19
Azimuth Angle .01 DEG | N 90 8| 5| 9|12 ]| 16| 19




L.2 Optics Failure

Failure of the Optics subsystem degredes performance of the G & N
system by preventing SXT alignment of the IMU 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 uplink vectors. The technique for IMU align-
ment in case of optics failure will be to utilize the backup alignment
programs (P53 and PSh) using 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 prior to G & N power down. Therefore,
it is planned during the first 9 hours of the mission to do the Inflight
COAS calibration as defined in section 4.11.7 of reference 6.3.

The method for determining the TPI maneuver will be as follows:
After NSR the SCS pulse mode will be selected and the commander will
control attitude to maintain wings level 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 that range data will not be used.

Rather the value of ANfWD will be obtained from the right edge scale
on the lower right graph of Figure L4-2.

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, simulations have shown that an additional midcourse
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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
L-7.

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

acquisition relative to TPI follows:

OPTICS FAIL BACKUP DATA

TIME FROM TPI - MIN

DATA
T UNITS | SOURCE TPI | B/U MC | MCCL MCC2

Elevation Angle .01 DEG V 83
8|1 -5 3| 6| 9] 12| 16| 19

Azimuth Angle .01 DEG N 90
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4.3 The effect of a failed CMC would be to remove all PNGS attitude
and translation control capability as well as targeting for the
terminal phase maneuvers. For CMC failure prior to NSR the SPS
under SCS 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
SCS 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 SCS attitude hold,
and FDAI yaw angle will be recorded on Figure L4-2 in the space
la.beledv8 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 commander and recorded by the LM |
pilot in the spaces labeled We and &« in the COMZP/PLAT FATL block along
with ©Og.

(e) The IM pilot then determines A6 by adding 7 degrees to eC, ©

5

by adding 27 degrees to o<, and ¥ _ by adding AY to \P8

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

described in section L4.2 to determine the TPI maneuver components

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

in the body Y 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

TIME FROM TPI - MIN

TP UBLLE. | SUKRCE TPI | B/U MC | MCCL MCC2
Elevation Angle DEG | ORDEAL -8 6 12 19
Azimuth Angle DEG | ORDEAL | -8 3 9 16
A Elevation Angle| .1 DEG COAS -5 6 12 19
A Azimuth Angle |.1 DEG | COAS -5 6 12 19

L-8
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L.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 techniques will be identical to those of section L.3.
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(28:25)

5.0 Backup Procedures
QPTICS FAILURE

S/C Control SW - SCS

THC - Neutral

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

Limit Cycle SW - OFF

ATT Deadband SW - Min

Rate SW - Low

SCS Channel SW - Roll A/C - OFF
Roll B/D - ON
Pitch - ON
Yaw - ON

BMAG Mode SW - Roll, Pitch, Yaw - Att 1 Rate 2

FDAI Scale SW - 5/1
FDAI Select SW - 1

FDAI Source SA - ATT SET
ATT SET SW - IMU

MC ATT SW - IMU
Proceed through P34

Set ORDEAL (28:25)

Key V83E

Set Alt - 140 N.M.

PWR SW - Earth

FDAI 1 SW - Orb Rate

FDAL 2 SW - Orb Rate

Slew Up/Down to DSKY R3

PRO

Zero FDAI - 1 Error Needles with ATT SET

FDAIL Select SW - 1/2

ATT SET SW - GDC
GOC Align - Press until FDAI-2 ALIGNS

PLATFORM FAILURE

S/C Control SW - SCS

THC - Neutral

Man ATT Sw - Roll - R/C
Pitch - Min Imp
Yaw - R/C

Limit Cycle SW - OFF

Att Deadband SW - Min

Rate SW - Low

SCS Channel SW - Roll A/C - Off
Roll B/D - ON
Pitch - ON
Yaw - ON

BMAG Mode Sw - Roll, Pitch, Yaw - Att 1 Rate 2
Set Attitude Set wheels - 0° - Roll
0° - Pitch
0° - Yaw
FDAI Scale SW - 5/1
FDAI Select SW - 1
FDAI Source SW - ATT SET
ATT SET SW - GOC
MC ATT SW - IMU
Proceed through P34
Pitch S/C Down - Boresight on Horizon
Establish Roll Reference
Pitch 8/C UP - Verify yaw reference with target
Press GDC Align
Press S/C Down - Boresight on Horizon
Verify Roll Reference
Set ORDEAL

Set Alt - 140 N.M.
PWR SW - Earth

FDAI 1 SW - Orb Rate

_ o
Slew Up/Down to Opprp, = 345.7

(28:25)

COMPUTER FAILURE

S/C Control SW - SCS
THC - Neutral
Man ATT Sw - Roll - R/C
Pitch - Min Imp
Yaw - R/C
Limit Cycle SW - OFF
ATT Deadband SW - Min
Rate SW - Low
SCS Channel SW - Roll A/C - OFF
Roll B/D - ON
Pitch - ON
Yaw - ON
BMAG Mode SW - Roll, Pitch, Yaw - Att 1 Rate 2
Set Attitude Set wheels - 0° - Roll
345.7° - Pitch
0° - Yaw
FDAI Scale SW - 5/1
FDAI Select SW - 1
FDAI Source SW - ATT SET
ATT SET SW - IMU
MC ATT SW - IMU

Pitch S/C Down - Boresight on Horizon

Set OROEAL

Set Alt - 140 N.M.
PWR SW - Earth
FDAI 1 SW - Orb Rate
FDAI 2 SW - Orb Rate
= 0
Slew Up/Down to Opary, = 345-7

Zero FDAI - 1 Error Needles with ATT Set

FDAI Select SW - 1/2
ATT SET SW - GOC
GDC Align - Press until FDAI 2 ALIGNS

1-5



52:00

53:30

55¢.00

58:00
59:00

59:30

OPTICS FAILURE

Man Att SW - Roll, Pitch, Yaw - Min Imp
Boresight on Target

Key V83E

Set ET to %§2:00 UP

when 8 = 20,0® Start ET and Key N20E
Copy yaw angle

Pitch S/C down to 1.5° on ball
Press Key Release

PRO

Call P41

Proceed to body AV components

Copy AV

Boresight on target

Key V3LE

Key V83E, Copy

Key N20OE, Copy yaw angle

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

AV (Use Computer or Nomimal R)

EMS Function S4 - DV Set

EMS Mode SW - STBY

Load AV FWD on Counter

EMS Function SW - DV

Press Key Release

PRO

Key V37ELTE

EMS Mode SW - Auto

SCS Channel SW - Roll A/C - ON

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

52:00

55:00 L,M,R
R

M,R

Thrust to obtain desired AV on DSKY Display 59:30

®RO
Man Att SW - Roll, Pitch, Yaw - Min Imp
SCS Channel SW - Roll A/C - OFF

PLATFORM FAILURE

Yaw Man Att Sw - Min Imp
Piteh S/C Up - Place Target at Top of Reticle

Set ET to 52:00 UP

When OBALL is 15.0°, Start ET, Pitch and Yaw 52:00
7

Man Att SW - R/C and Read PBALL

Read o4 and &Y in Reticle and Opary, VB3E-Copy  55:00
Compute Up/Down, Right/Left Thrust Times and
Forward AV (Use Computer or Nomimal R)

Key V37E41E

Proceed to LOCAL VERTICAL DISPLAY of AV - Copy
Boresight on target

EMS Function SW - DV Set

EMS Mode SW - STBY

Load AV FWD on counter

EMS Function SW - DV

Key V34E

EMS Mode SW - Auto
SCS Channel SW - Roll A/C - ON

Thrust Forward to Zero EMS Counter

Thrust Up/Down and Right/Left for Computed Times
Man Att SW - Roll, Pitch, Yaw - Min Imp

SCS Channel SW - Roll A/C - OFF

59:30

COMPUTER FAILURE

Yaw 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 £T, Pitch and Yaw
Att Sd - R/C and Read ¢BALL

Read o~ and AY¥ in Reticle and SpALL

Compute Up/Down, Right/Left Thrust Times and ForwardAV
(Use Nominal R)

Boresight on target

EMS Function S - DV Set
EMS Mode SW - STBY

Load AV FWD on Counter
EMS Function SW - DV

EMS Mode SW - Auto
SCS Channel SW - Roll A/C - ON

Thrust Forward to Zero EMS Counter

Thrust Up/Down and Right/Left for Computed Times
Man Att SW - Roll, Pitch, Yaw - Min Imp

SCS Channel SW - Roll A/C - OFF

2-s



11:00
12:00

OPTLICS FAILURE

Boresight on Target

Key V83E, Copy

Key N20E, Copy yaw angle
EMS Function SW - DV Set
EMS Mode SW - STBY

Load 0 fps on Counter
EMS Function SW - DV
Press Key Release

PRO

Key V37ELTE

Key V83E, Copy

Key N20E, Copy Yaw Angle

Computer Up/Down, Forward/Aft, Right/Left AV
(Use Nominal or Computer R)

Press Key Release
PRO
EMS Mode SW - Auto

SCS Channel SW - Roll A/C - ON

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

Thrust to obtain desired AV on DSKY Display
AP

PRO

Man ATT SW - Roll, Pitch, Yaw - Min. Imp
SCS Channel SW - Roll A/C - OFF

Boresight on Target

Key V83E, Copy

Key N20E, Copy yaw angle
EMS Function SW - DV Set
EMS Mode SW - STBY

Load O Ips on Counter

EMS Function SW - DV
Press Key RElease
PRO

Key V37ELTE

Key V83E, Copy
Key N20E, Copy Yaw Angle

Compute Up/Down, FWD/AFT, Right/Left AV
(Use Nominal or Computer R)

Press Key Release
PRO
EMS Mode SW - AUTO

SCS Channel SW - Roll A/C - ON
Man ATT SW - Roll, Pitch, Yaw - R/C

3:00

12:00

Thrust to obtain desired AV on DSKY Display ASAP

PRO

Man ATT SW - Roll, Pitch, Yaw - Min Imp
SCS Channel SW - Roll A/C - OFF

)

PLATFORM FAILURE

Place TGT at Top of Reticle

Man ATT Sw - Roll, Pitch, Yaw - R/C 2nd Read ’BALL 3:00
EMS Mode S4 - STBY

EMS Function SW - DV Set

Loai 0 Ips on Counter

EMS Function SW - DV

Read®¢, 8¢ anz gy, 6:00
Compute Up/Down, Fwd/Aft & Right/Left Thrust Times
(Use Nominal R)

SCS Channel SW — Roll A/C - ON

EMS Mode SW - AUTO

Thrust Up/Down, FWD/AFT and Right/Left for
computed times 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 ¢
EMS Mode SW - STBY

EMS Function SW - DV Set

Loa¢ 0 fps on Counter

EMS Function SW - DV

BarLL 2:00

Read o, & ¢ and GBALL 12:00
Compute Up/Down, FWD/AFT and Right/Left Thrust times
(Use Nominal R)
SCS Channel SW - Roll A/C - ON
EMS Mode SW - AUTO
Thrust Up/Down, FWD/AFT and Right/Left for

Computed Times ASAP

Man ATT SW - Roll, Pitch, Yaw - Min Imp
SCS Channel SW - Roll A/C - OFF

CQMPUTER FAILURE

Place TGT at Top of Reticle

Man ATT SW - Roll, Pitch, Yaw - R/C and reaa !'BALL
EMS Mode SW - STBY'

EMS Function Sd - DV Set

Load o fps on counter

EMS Function SW - DV

Read <38 ¥ana L. _
Compute Up/Down, FWD/AFT and Right/Left Thrust Times
(Use Nominal R)

SCS Channel SW - Roll A/C - ON

EMS Mode SW - AUTO

Thrust Up/Down, FWD/AFT and Right/Left for computed
times 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 fp =
EMS Mode SW - STBY

EMS Function SW - DV Set

Load 0 fps on Counter

EMS Function SW - DV

Read <,4%ana C.

Compute Up/Down, FWD/AFT and Right/Left Thrust Times
(Use Nominal R)

SCS Channel SW - Roll A/C - ON

EMS Mode SW - AUTO

Thrust Up/Down, FWD/AFT and Right/Left for computed

Times ASAP
Man ATT Sw - Roll, Pitch, Yaw - Min Imp b
SCS Channel SW - Roll 4/C - OFF L



16100

18:00
19:00

M,R

L,R

OPT FAILURE

Boresight on Target
Key V83E, Copy
Key N20E, Copy Yaw Angle

16:00

EMS Function SW - DV Set

EMS Mode SW - STBY

Load 0 fps on Counter

BMS Function SW - DV

Press Key Release

PRO

Key V3TE4TE

Key VB83E, Copy

Key N20E, Copy Yaw Angle

Compute Up/Down. FWD/AFT, Right/Left AV
(Use Nominal or Computer R)

EMS Mode SW - AUTO

SCS Channel SW - Roll A/C - ON

Man ATT SW - Roll, Pitch, Yaw - R/C
Thrust to Obtain Desired AV on DSKY Display
ASAP

19:00

Key V83E

Control Line of Sight Rates
EMS Function SW - DV Set
Load 0 fps on Counter
EMS Function SW - DV

when SLA diameter is one degree, reduce RDOT
by five fps
when SLA diameter is two degrees, reduce estimated
RDOT to five fps

PLATFORM FAILURE

Boresight on Target
Man ATT SW - Roll, Pitch, Yaw - R/C

EMS Function SW - DV Set
EMS Mode SW - STBY

Load 0 fps on Counter
EMS Function SW - DV

Read @CjaY and 8y, ..
Compute Up/Down, FWD/AFT and Right Left
Thrust Times (Use Nominal R)

EMS Mode SW - AUTO

SCS Channel SW - Roll A/C - ON

Thrust Up/Down, FWD/AFT and Right/Le€t for

Computed Times - ASAP

Control Line of Sight Rates
EMS Function SW - DV Set
Load 0 fps on Counter
EMS Function SW - DV

Ahen SLA diameter is one degree, reduce RDOT
by five fps
when SLA diameter is two degrees, reduce
estimated RDOT to five fps

16:00

CMPUTER FA ILURE

Boresight on Target
Man ATT SW - Roll, Pitch, Yaw - R/C

EMS Function SW - DV Set
EMS Mode SW - STBY

Load 0 fps on Counter
EMS Function SW - DV

Read «,4 Y and OmarL

Compute Up/Down, FWD/AFT and Right/Left Thrust
Times (Use Nominal R)

EMS Mode SW A AUTO

SCS Channel SW - Roll A/C - ON

Thrust Up/Down, FWD/AFT and Right/L§ift for
Computed Times - ASAP

Control Line of Sight Rates
EMS Functiow,,- DV Set
Load 0 fps on Counter
EMS Function SW - DV

when SLA diameter is one degree, reduce RDOT by
five fps
when SLA diameter is two degrees, reduce estimated
RDOT to five fps
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